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8.1 Introduction

In this Chapter, a brief description of seismictegss will be given. It is intended to provide
an overview on basic ideas in seismometry and descithe existing possibilities in the
market (year 2000). For more thorough informatibow particular elements and concepts in
seismometry and seismic recording systems see @kdptand 6, respectively. Note that this
Chapter shares most of the figures and some pgfagraith Havskov and Alguacil (2002).
Since one of the authors is the same in both, koadedgments are given.

Before 1960, there were generally only individuailsmic stations operating independently.
Each station made its observations, which were liysgant to some central location. If
several stations were operating in a country oloregt was possible to talk about networks.
However the time lag between recording and manuvatgssing were so long that such
networks are not considered seismic networks inrtbdern sense. In the 1960s, 'real' seismic
networks started operating. These were mainly ndéisvmade for microearthquake recording,
and the distances between stations were a few &tkensito a couple of hundred kilometers.
The key feature used to define them as networksthashe signals were transmitted in real
time by wire or radio link to a central recordingtgn where all data was recorded with
central timing. This enabled very accurate relatic@ng between stations and therefore also
made it possible to make more accurate locationsocdl earthquakes. Recording was
initially analog and, over the years, it has evdlve be nearly exclusively digital. Lee and
Stewart (1981) provide a good general descriptidiith the evolution of communication
capabilities to cover the whole world, seismic ratg can now be local, regional or global.
The distinction between networks is primarily nmder due to differences in data transfer,
accuracy of timing, or time lag between data adtjorsand analysis, but rather the scope of
investigation, spatial resolution, and quality adtal in terms of frequency content and
dynamic range.

During the last two decades of the™2@entury, numerous seismological projects have been
undertaken in several countries. Unfortunately, whiewed from the latter half of the 1990s,
one must acknowledge that many have not fulfilleeirt expectations. The main reason for
this was probably a lack of knowledge about netwpmistrumentation and data processing
techniques. Yet such specialized knowledge is ustopreably required if one expects to
establish and operate a truly beneficial seismigvokk. For that reason, in addition to the
general description of networks, this document afflo outline the basic steps to follow in
order to establish a new seismic network.
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8.2 Seismic network purpose

The three main purposes of seismic networks aresd@mic alarm, or general or specific
seismic monitoring, and research on the interidghefEarth. However, the very first and most
basic goal is the determination of accurate eagkegulocations. For that purpose we
generally need at least three stations (Fig. 8.1).

L 30 seconds |

S i 3

Distance (km) =10 * (S-time - P-time)

Fig. 8.1 Location by the circle (or arc) method. To th& Is shown the seismograms at
stations S1, S2 and S3 recording a local earthqudkée that the amplitude scales are
different. The stations are located at S1, S2 @(tight). The time separation between the P-
and S-wave arrivals multiplied by the ratipw/ (vp - vs) of the P- and S-wave velocities
gives us the epicentral distance (distance fronstagon to the projection of the earthquake's
focus at the surface). The epicenter is found withie black area where the circles cross.
These circles will rarely cross at one point, whilctiicates errors in the observations, errors
in the model, and/or a subsurface depth. With dwly stations, we see that there are either
two possible locations, or no possible locatiothd two circles do not intersect. With more
than three stations, the uncertainty in locatiomrel@ses. Note that the “rule-of-thumb”
formula given for the distance calculation in tbeér right of the figure is for Sn-Pn only.

The seismic alarm function, which requires an imia@edresponse after strong earthquakes,
serves civil defense purposes with the goal of gaiihng the social and economic
consequences of a damaging earthquake. Governmehitsh often finance new seismic
networks, emphasize this goal.

Seismic monitoring aides in the long-term mitigataf seismic risk in a region or country as
well as resolving the seismotectonics . Seismi@atthmaps of the region may be made which
enable the development and implementation of prdpeiding codes. In the long term,
building codes are very effective in mitigatingsseic risk.

Some cases of seismic monitoring related to seisiskccaused by human activity are of
special political concern. This includes monitgriior seismicity induced by large dams or
around large mines. Monitoring of seismicity in @oanic region (see Chapter 13) is also
dedicated to volcanic risk mitigation through thvediction of eruptions. Another important
function of seismic networks is for explosion monihg, particularly underground nuclear
explosions. Seismic networks are one of the mogrtant tools used in monitoring the
international nuclear test ban treaty.

Local, regional and global research into the Esuiitfiterior is the oldest goal of seismology.
Seismic networks are and will be probably foreves only tool that enables study of the
detailed structure and physical properties of tyepér Earth’s interior.
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The purpose of a new seismic network largely dsfihe optimal technical design for it. Not
every design serves equally well for different gpand many fail completely for some
particular goals. However, modern networks are noaygable of dealing with several goals
than older networks, which were more narrowly f@ezudue to technical limitations.

8.3 Seismic sensors

8.3.1 General considerations

The choice of an appropriate sensor depends oapiblecation, be it local, regional or global
monitoring. The most important factors to consiera particular application are:

* type of the sensor - accelerometer versus seisneomet

* number of sensor components per seismic station;

e sensor’s sensitivity and dynamic range;

* sensor’s frequency range of operation; and

* exactness of sensor's use (i.e., how demandingitaréransportation, handling,
installation, calibration, maintenance etc.).

8.3.2 Seismometer s and/or accelerometers?

During most damaging earthquakes, weak-motion dscaecorded with seismometers

installed close to the epicenter are clipped. Seimsaters are very sensitive to small and
distant events and are thus too sensitive for gtroation signals. This was a very relevant
aspect at the time of analog recordings. Traditipnaccelerometers have been considered
for strong motion only and seismometers for weakiono However, the latest generation

accelerometers are nearly as sensitive as starstiartiperiod (SP) seismometers and also
have a large dynamic range (up to more then 110ediB; the Episensor ES-T in DS 5.1).

Consequently, for most traditional SP networksebmometers would work just as well as 1-

Hz SP seismometers although the latter are chebperms of signal processing, there is no
difference in using a seismometer or an acceleramet

In high seismic risk areas where the main goalativorks is future seismic risk mitigation,
strong-motion recordings play an important rolegd awo sets of sensors will have to be
installed so that the system never clips. Althotlggre are significant differences in strong
and weak-motion network designs, today both typesonsors are frequently integrated into a
single system. Six-channel data loggers with thveak and three strong-motion channels are
cost effective and are the current state-of-the-Hney are capable of covering the whole
dynamic range of seismic events, from the lowesgtnse noise to the largest damaging
events. The relative merits of these systems, disasespecific technical details of strong-
motion networks, are not addressed in this Manialexception is section 7.4.6 on borehole
strong-motion array installations.



8. Seismic Networks

8.3.3 One- and three-component seismic stations

Historically, many seismic stations and networkedusingle-component sensors - usually
vertical seismometers. Many of them still operdteis was the case because the equipment
was analog and the record was often on paperdétbomponents had been used, three times
the amount of equipment would have been requireédhauinformation generated would not
have been three times more valuable. It was alsodifficult, if not impossible, to generate a
ground-motion vector from three separate papensgjsams.

Today, in the era of digital recording and proceg%if seismic data, the situation is different.
The price/performance ratio is much more favordbiehree-component stations. Most data
recorders and data transmission links are capableccoepting at least three channels of
seismic data. The cost of upgrading the centratgmsing facilities to accommodate an
increased number of channels is relatively small gnound-motion vectors may be generated
easily with computer software.

Since ground motion is essentially a vector thattaios all of the seismic information, and
considering the fact that many modern seismologacallyses require this vector as input
information, one-component stations are no longeesirable choice for new installations
(not considering seismic arrays which are discussedhapter 9). On the other hand, one-
component seismic stations are still a choice wlkseramunication capability and economy
are limiting factors.

8.3.4 Sensitivity of seismic sensors

Strong-motion accelerometers are relatively ingeessince they are designed to record the
strongest events at small hypocentral distancesir Tilkaxim on scale acceleration is usually
expressed as a fraction of the Earth’s gravityd.§4 m/$). Accelerometers with 0.25, 0.5, 1,
2, and 4 g full-scale sensitivity are availableapdHowever, modern accelerometers have
excellent dynamic range and good signal resolufidgrey will produce valuable records of
smaller events within the close-in epicentral ragas well, where seismometer records may
still be clipped unless a high-dynamic range reicgyéystem is used. Of course, one should
order full-scale sensitivity, fitting to the maxitrexpected acceleration at the sites of the new
network. Ordering too sensitive accelerometers reault in clipped records of the strongest
and most important events in the region. Acceletemsewith too high full-scale range cause
diminished sensitivity and needlessly reduce detgigition resolution of all future records.

Weak-motion sensors - seismometers - are usuatlgrerof magnitude more sensitive,
however, they can not record as large of an angditas an accelerometer. They can record
very weak and/or very distant events, which prodgreund motion of comparable
amplitudes to the background seismic noise. Sornsenseneters can measure ground motion
smaller than the amplitudes of the lowest natuegmsic noise found anywhere in the world.
If one plans to purchase especially sensitive ssnsme must be willing and able to find
appropriate, low seismic noise sites for theiratiation. Standard SP seismometers are in fact
so sensitive that they will be able to resolve dngbient Earth's noise in nearly all networks
where they are installed. If the sites are not eyppately chosen and /or have high seismic
noise (natural and/or man made), a modern, hightgitive seismometer is of little use, and a
much cheaper sensor, like an accelerometer orghgee, might be used. For many networks
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with a moderate background noise, an 0.25g accekter would provide sufficient
sensitivity and at the same time give a large dyoaange.

8.3.5 Frequency range of seismic sensors
Today's weak-motion sensors are roughly divided iintee categories.

The short-period (SP) seismometers measure sifoatsapproximately 0.1 to 100 Hz, with
a corner frequency at 1 Hz. They have a flat respdn ground velocity for frequencies
greater than this corner frequency. Typical example the Kinemetrics SS-1, the Geotech
S13, and the Mark Products L-4C. The 4.5-Hz expilomatype geophone also belongs in this
group. This sensor provides reasonably good sigiwaig to about 0.3 Hz at a fraction of the
cost of the 1.0-Hz sensor.

The broadband sensors (BB) have a flat respongetmd velocity from approximately 0.01
to 50 Hz. Typical examples are the Guralp CMG40$semeter with frequency range from
0.03 to 50 Hz, and the Wieland-Streckeisen seisnem&I'S2 with a frequency range from
0.008 to 40 Hz (see DS 5.1).

The very broadband seismometers (VBB) measure déremes from below 0.001 Hz to
approximately 10 Hz. Typical examples are the Wiéi&treckeisen STS1 seismometer with
frequency range from 0.0028 to 10 Hz and the SE8&;7.4.4. and DS 5.1) They are able to
resolve Earth's tides.

On all these different seismometers more infornmaisogiven in Volume 2, DS 5.1.

The frequency limits shown above are the cornequeacies of the sensors' frequency
response function (FRF). This means that analysisvb low-frequency corner and above

high-frequency corner is sometimes still possiltl@w much we can extend this range
depends on the sensor design and instrumentahaisk- (see Chapter 6). The choice of the
right sensor depends on its seismological apptinatin general, the flat portion of the

frequency response function should cover the rarigeequencies, which are generated by
particular seismic events of interest or which amgortant in a particular phenomenon

studied (see Fig. 5.6).

Strong-motion sensors (accelerometers) measummisessgnals between DC and 200 Hz (a
typical example is the KinemetridspiSensor; see DS 5.1). However, they differ fréma t
weak-motion sensors in that their output voltageriportional to ground acceleration and
not to ground velocity as it is usual for seismognet For this reason, they stress high
frequencies and attenuate low frequencies as cauparseismometers. Some strong-motion
sensors in the market have no DC response but drémuency, high-pass corner at around
0.1 Hz. These sensors have an important drawblek:records can not be used for residual
displacement determination, either of the grounthennear field of very strong earthquakes,
or of permanently damaged civil engineering stmeguafter strong events. They are
considered as less appropriate for seismic apmitatwhere low-frequency signals are
important. The following table should help in theextion of appropriate sensors. It shows
some typical seismological applications and thppraximate frequency range of interest.
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Tab. 8.1 Application description and approximate frequerayge of interest.

o Fr
Application rar?(gqg?inncﬁ 2)
Seismic events associated with mining processes 2080
Very local and small earthquakes, dam induced seiym 1-100
[Local seismology 0.2 - 80
Strong-motion applications 0.0 - 100
|General regional seismology 0.05- 20
|Frequency dependence of seismic-wave absorption 2 -GB0
|[Energy calculations of distant earthquakes 0.00-1
Scattering and diffraction of seismic-waves on dayandary 0.02-2
Studies of dynamic processes in earthquake foci 050.a.00
Studies of crustal properties 0.02-1
|Dispersion of surface waves 0.003 - 0.2
[Free oscillations of the Earth, silent earthquakes {0.0005 - 0.01

8.3.6 Short-period (SP) seismometers

The SP sensors were historically developed as ‘amscdl filters' for mitigating distracting
natural seismic noise in the range 0.12 - 0.3 Mhis noise heavily blurred small events on
paper seismograms. However, with today's digital high-resolution data recording and
processing, this rigid 'hardware' filtering can igade replaced by much more flexible
computer processing. A need for sensors that fdeasmic signals by themselves does not
exist any more. In addition, when filtering thesseic signal with sensors, we irreversibly
lose a portion of seismic information and introdugedesired signal phase distortion.
Nevertheless, the SP seismometers, as well ashiba@per geophones, are still, and will
remain in the future, a valid selection for sevegismological applications, particularly for
local seismology where low frequencies of seisngoa are not of major interest or do not
exist at all.

Most SP seismometers are passive sensors with eeglponse to velocity above the natural
frequency. They are easy to install and operateraqdire no power, which allows use of
smaller backup batteries for the rest of the eqemmat remote station sites. They are
relatively stable in a broad range of temperatumebjch allows less exacting (and

inexpensive) vault designs. The electronic driftd amass position instability usually

associated with active sensors are typically notodblem. They are, in short, a very practical
solution for all applications where seismic signafsinterest are not expected to contain
significant components below 0.1-0.3 Hz.

There now also exist active SP sensors in the maskech are either electronically extended
4.5-Hz geophones or accelerometers with electrbypiggenerated velocity output. These
sensors are often cheaper and smaller. Their dwbdhat they require power and are more
complicated to repair. An example of such a seisgtemis the Lennartz LE-1D
(http://www.lennartz-electronic.de/Pages/SeismolSgigmometers/Seismometers.Html
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8.3.7 Broadband (BB) seismometers

Today, the broadband sensors are a very populdcechdhey provide complete seismic

information from about 0.01 Hz to 50 Hz and therefallow a much broader range of studies
than the SP records. A single, high-performancesBBmic station can determine as much, if
not more, information as several conventional SBns@meters measuring arrival time and
first motion.

However, the BB seismometers are more expensivelantnd more efforts for installation
and operation than SP seismometers. The BB seistamrequire a higher level of expertise
with respect to instrumentation and analysis methddhey are active feedback sensors and
require a stable single- or double-polarity powap@y. They also require very careful site
selection in a seismological-geological sense, tebeontrolled environment in seismic
vaults, and they are sometimes a bit tricky toalhsBince they do not attenuate the 0.12 - 0.3
Hz natural seismic noise peak (see Fig. 4.7), theeir output signal contains much more
seismic noise than signals from a SP seismometersé&fjuently, useful seismic signals are
often buried in seismic noise and can be resolvellamalyzed only after filtering to remove
the background noise. So, for all but the largesthguakes, filtering is required even for
making simple phase picks. BB sensors are oftenepayd as the ‘best choice’, however
there are several examples of networks being lestalith BB sensors where SP or strong-
motion sensors could have served equally well thenrrask of the network, thereby avoiding
costs in installation, maintenance and processing.

8.3.8 Very broadband (VBB) seismometers

The VBB sensors are utilized in global seismologyd®es. They are able to resolve the
lowest frequencies resulting from Earth's tides &me oscillations of the Earth. Their

primary purpose is the research of the deep intesfothe Earth. Their only important

advantage, however, as compared to BB seismome&teitseir ability to record frequencies

around and below 0.001 Hz. They are expensive,inequery elaborate and expensive
seismic shelters, and, as a rule, are tricky ttailhsThey are ineffective for seismic risk

mitigation purpose and some also lack frequencpamse high enough for local/regional
seismology.

However, data from a VBB station is very usefuttie international scientific seismological

community. They are also excellent for educatigmalposes. For a large national project,
installation of at least one VBB station is recomised and perhaps two to three in a very
large country or region. Site selection and preggarafor a VBB station requires extensive

study and often expensive civil engineering worlg.(.eUhrhammer et al., 1998 and 7.4.4).
The cost of preparation of a single good VBB sig exceed US$ 100,000.

8.3.9 Long-period (LP) passive seismometers

The long-period passive sensors are not a suithigiee for new installations and are not sold
anymore. These sensors have a corner frequenc@)srt® 0.03 Hz and, in that respect, are
inferior to most (but not all) BB sensors. Theindynic range is in the order of 120 dB. An
LP sensor with a 24-bit digitizer still makes arceqmable low-cost BB station provided the
sensors and the vault are already available. Howewenlinear distortion of such an
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installation may be problematic. Nevertheless hie $cope of new installations, long-period
seismometers are of historical value only.

8.4 Seismic network configuration

8.4.1 Physical and virtual seismic networks

When the hardware connection among seismic stat®mestablished, the next question is
how the data are sent along the connection and ptwdbcols are used for the units to
communicate. This will define, to a large extetite functionality of the seismic network.

In the days of only microearthquake networks anelway data transmission (from stations
to central-recording site), it was quite clear haweismic network was defined. Today, the
situation is more complex. Nowadays, more and nseismic stations are connected to the
Internet or to the public phone system. Such statiosually have a local seismic signal
recording capability and sometimes there is not i@ay-time data transmission to a central
site. However, these stations still can be defib@cbe in a network since they are all

connected to the global communication network.principle, any networked computer can

be used to collect data from a number of stationghat functionally is a seismic network.

By defining a seismic network in this way, the glistion between local, regional, and global
networks does not exist any more in terms of hardw@ata transmission and acquisition, but
is merely a question of how the data collectiortvgalfe is set up to handle communication,
data collection and processing.

This means two types of seismic networks can baek&f physical and virtual.

A physical seismic network (usually local) consists of closely linked, remetsmic stations.
The remote stations detect the ground motion andllyssend data in real time to a central
recording station for event detection and recordseg Fig. 8.2). This type of network covers
both the old analog systems and the current digytstems.

\ivg

Permanent

Sensor Sonhec ion Central recorder

Fig. 8.2 Scheme of a physical seismic network. The senamsconnected to a central
recorder through a permanent physical connectlandiwire or radio link. The transmission
may be analog with digitization taking place celhgraor an analog-to-digital converter
(ADC) could also be placed at each sensor anddtetchnsmitted digitally.
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A virtual seismic network consists of seismic recorders connected to a global comoation
network or a public phone system (see Fig. 8.3)e@order may be associated with a single
seismic station or can be the central-recording & a physical network. The remote
recorders must be capable of local recording asl#it@ are not sent to the central recording
system in real time. The remote recorder must l@a2evay communication capability. The
central recording station can manually or automadlficconnect to selected remote recorders
and download triggered and/or continuous data aakenintelligent evaluation of possible
events.

Seismic Seismic Seismic

recorder recorder recorder

Communication |

Seismic network Computer with
d data collection
recorder software

Fig. 8.3 Scheme of a virtual seismic network. The thickelis the communication network,
which can have many physical implementations. Téta @ollection computer collects data
from some or all of the recorders connected tagtevork.

Both types of seismic networks might result in saene kind of output although the virtual
network will deliver data with a larger time deldlyjan most of the advanced physical
networks.

8.4.2 Physical seismic networks
8.4.2.1 Stand-alone, central-recording, and networ k-based seismic systems

From the aspect of data transmission to the cerdcalrding site, there are several basic
concepts of the design of physical seismic networks

In the simplest case, a seismic network is a gadgiand-alone seismic stations with a local
recording medium. Many of the older networks, gatarly analog ones, are still of this type.

The information is gathered in person, either bylecting paper seismograms or by

downloading digital data from stations into a lgptmmputer. There exist no communication
links from the remote stations to the data ceridata can be stored locally on a removable
memory medium, like memory cards, DAT tapes, oraeable hard or CD disk.

Such networks, of weak-motion type, are only sugtdbr low seismicity regions because of
the small total amount of data acquired. Howeusytare used also often in strong-motion
seismology where recordings are rare. Frequentigh :ietworks are temporally established
for aftershock studies or similar special resegsonposes, however, in these cases they
require intensive human involvement to operate @rgp As a permanent, national, or
regional observatory seismic network, this desgyrarely suitable.
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The next level of network sophistication involveslrtime or near-real time data transfer
from the remote stations to the central processiteg Data may be stored in ‘event file’ form
or in the form of a continuous data stream. Netwankthis group differ significantly in their
capabilities, depending mainly on the trigger alfpon (if applicable) and communication
links used. At present, these are the most frequesign.

The latest, most modern design concept of physiemsmic networks is based on computer
networks. Data transmission is done through pubgbwernmental, or special users' wide area
networks (WAN) or Internet. Event file seismic datswell as quasi-continuous data transfer
is possible via the Internet today. These netwark@y work in an open architecture
client/server environment. With such systems tlemt@al processing site’ looses much of its
meaning since data can be processed and/or archiweery authorized node of the WAN.

However, today, with computer-based seismic netsjotke so-called ‘last-mile’ problem
remains acute. The availability of the computemmek connection points and the
indispensable remoteness of the seismic stationBlictowith one another. The problem of
transmitting seismic data to the nearest computenark node can be efficiently solved by
short-distance spread spectrum RF links. Alsotithe latency in such networks (data can be
transmitted only in a near-real time manner withage up to several tens of seconds) and
their relative vulnerability to damaging events magresent a drawback if the emphasis is on
seismic alarms.

Central recording and computer network-based physgeismic networks can use
coincidence trigger algorithms in near real timee(8.5.2) thus being very efficient in the
detection of events. Virtual seismic networks depen trigger algorithms that run at the
remote seismic sites; so, a coincidence triggethercentral computer can only work after all
trigger times have been received. Although thisaliguesults in a significant number of false
triggers on the field stations, the events detebtethe virtual network will be the same as for
the physical network, although delayed in time.

8.4.2.2 Proprietary versus standar dized off-the-shelf har dwar e solutions

Another important issue with physical seismic neksois the hardware and software

configuration. Most physical seismic networks todag made of proprietary hardware and
software developed and manufactured by a few scoatipanies specializing in seismology.

Only recently have technical solutions utilizingtlé proprietary hardware and software

become available. While the sensors and data leggerstill developed and manufactured by
seismological equipment manufacturers, the remginiems are standard, commercially
available products used in other fields and marufad by much larger companies. Data
transmission is done by commercially available stachdardized software with the aid of off-

the-shelf hardware components.

Using off-the-shelf hardware and software signiiitya reduces the cost of network
ownership, increases reliability, and guaranteesilfility. The user is much less dependent
on an individual manufacturer of the seismic systeang-term maintenance and upgrading
of the system is also much easier because proprietactronic equipment is very hard to
maintain and has an average 'life time' of onlye¢hor four years. Seismic equipment
manufacturers try to support their users as mucpoasible, sometimes through expensive

10
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life time" buys of particular electronic comporeand parts. However, the life expectancy of
modern electronic devices is shorter and shortspite of these efforts. Given this situation,
the use of off-the-shelf standardized productsp@gosed to proprietary products, is less
costly because new products coming in the marletiaually downward compatible. This is

practically never the case with new designs frorsmnsie equipment manufacturers.

8.4.3 Virtual seismic networks

8.4.3.1 General considerations

In the virtual network mode, network setup is defgert on the mode of communication. In
general, all field stations are connected to theriret and/or the public telephone system and
there might not be argypriori defined network since public protocols are usedhé case of
most commercial systems, the stations can only da&hed by communication from a
dedicated central computer using proprietary saftwdn both cases, the systems do not
operate in real time. The network operation usuallpws the same principles as for physical
networks with some additional capabilities. A conmsaenario is:

The central computer copies detection lists andldomatic phase picks from the remote
stations (Fig. 8.4). Based on the detection lisid @igger parameters, events are declared.
Here two options exist: either existing event wavefs are copied from the field stations to
the central computer and no waveforms are copiu ftations not triggered, or (assuming
the field stations have ring buffers with continaalata), the same time interval of waveform
data is extracted from all remote stations. In tidg/, waveform data from all stations in the
network (as for the physical network) are gathextetthe central station.

Virtual data logger

All detections Metwork detections Field station details
det stat 1 Field station
................ netdet1 wav2 +wav3+wav1 Ring buffer
det stat 2 netdet2 wav3 +wav 1 : det1 wav1
det stat 2 Sl det2 wav2
det stat 3 - i i 10 min det3 wav3
— Logging process Field station

----------------- Copy detections 19 min

det stat 3
det stat 3 Declare events
det stat 1
det stat 1

etc ...

Field station

P

Copy wave form data

Fig. 8.4 Typical virtual data logger. The field statiomgfit) has a ring buffer with files or
segments 10 min long. It also has a list of detactimes with associated parameters (det 1,
det 2, etc.) and corresponding waveform files (Mawav 2, etc.). The virtual data logger
(left) has the following logging process: first,get a time ordered copy of the detection times
from all stations (det stat 1, det stat 2, etdndicate a longer time window); second, based
on these, a potential event is declared if at I@ast detections occur within a short-time
window (net det 1 and net det 2); and third, it twse the waveform files are copied to the
virtual data logger. In this example, the ring leufs not used.

The speed of data collection depends on the conuatioin system and the configuration of
the data collection system. In a typical scenaalbdata collection is controlled from the
central computer and data is collected at the qoiethe central computer. Example: We

11
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assume that, on average, 3 Mb of data per daynerged at each remote seismic station.
This corresponds to selected events only with ardeduration of 2500 s of uncompressed, 4-
byte data at a sample rate of 100 Hz from threewrotla. Then, a network consisting of a
central computer, 10 remote stations, and a simgieéem at the central-recording site, having
9600-baud data transfer, needs about 10 hoursédagrismit this data. This means that the
maximum delay in getting the data will be 10 hoamsl the data transfer typically would be
started once or twice a day. The same network adedeo Internet, having a speed of 128 kb
and a multi-line ISDN port would need less thanmidutes for the same task. If the data
collection software is set to operate more fredyetgss data is transferred at once, and an
even shorter time delay can be achieved. Thugnitoe said that the system operates in semi-
real time.

The above systems are based on the traditionaltid®athe central computer controls the
network. However, with some equipment it is alssgdole to set up the remote station to
send parametric data to the central computer imabelgti after an event is detected. The
central computer would then request waveform datfficient detections arrive within a

given time window. In this way, events can be dedammediately after their occurrence.
The problem with this solution is that it is nosgdo develop reliable software to control the
data flow in case the remote stations trigger wildlhis situation may, in the worst scenario,
prevent any waveforms from being downloaded tockretral computer. Currently, for most
systems the central computer maintains control.

For virtual networks, the main challenge for thawwek operator is to obtain reliable
software to link the stations into a network. Todtne main difficulty is lack of standards.
There are many ways of accessing different typesetdmic stations and many different
formats for parameter and waveform data. Whennggtip a virtual network, the operators'
selection of hardware may be limited by the avédanftware.

8.4.3.2 Examples

Example 1: The IRIS/Global Seismic Network (GSN) is a typieaample of a virtual seismic
network. This global system consists of more th@d iroadband seismic stations, which can
be reached by modem and/or Internet. At the IRI& daanagement center in Seattle,
Washington, a public domain software system, SPYD&Romatically retrieves data from
selected GSN stations based on preliminary detetiom of epicenters by the NEIC
(National Earthquake Information Center) in Gold@olorado. Thus event detection is not
part of the SPYDER system. The SPYDER system has bestalled in several places for
local or global use. SPYDER, which runs under UNiIXd LINUX, only works with GSN-
type stations. Fig. 8.5 shows the GSN network aigd &11 the type of communications
used.

Example 2: The public domain SEISNET system is another saféwenabling establishment
of virtual seismic networks. SEISNET is similarS88YDER, however, it operates other types
of stations in addition to the GSN stations ando agterforms network detection and
preliminary location (Ottemdller and Havskov, 199B)was developed for the Norwegian
National Seismic Network and is also used in séwateer places. SEISNET is very flexible
and can be adopted for virtually any type of fistdtion. Also SEISNET runs under UNIX
and LINUX operation systems.
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Example 3: Another widely used and publicly available softevas EARTHWORM (runs on
Solaris UNIX and Windows 2000/NT). It allows usdosrun virtual seismic networks of
different purpose with emphasis on either real-tseesmic data processing or data storage
and user interaction. EARTHWORM was originally deyped by the U.S. Geological
Survey's (USGS) Northern California Seismic Netw@CSN), and currently consists of a
world-wide community of installations that operatiee system or its derivatives and
contribute to its development. Coordination of teféort is now centered at the National
Seismic Systems Project of the USGS in Golden, i@dlm which functions as the clearing
house for development, distribution, documentation, and support
(http://gldbrick.cr.usgs.gov/ew-dpc The great majority of US stations use this syste
including the ~450-station NCSN, the ~150-stafidRINET network in S. California, the
~100-station US National Seismic Network of BB istia$, most other US regional networks
as well as many other earthquake and volcano nksmeorld-wide. EARTHWORM will
also be used by the developing US Advanced Nati@@bmic Network (ANSS; see
http://www.anss.org) that will combine national, regional and urbaomtoring with stations
that span the range from weak to strong motion.

Example 4. The proprietary ANTELOPE software is yet anothétual seismic network
software package on the market. It supports a vadge of seismic stations as well as other
environmental monitoring equipment. ANTELOPE’s ofanhitecture, modular, UNIX-
based, real-time acquisition, analysis, and networ&nagement software supports all
telemetry using either standard duplex serial fatas or standard TCP/IP protocol over
multiple physical interfaces. In addition to dataaisition, the seismic network functionality
includes real-time automated event detection, plpgdeng, seismic event association and
location, archiving, system state-of-health momigy interactive control of remote stations,
automated distribution of raw data and processsdtse batch mode seismic array processing
and a powerful development toolkit for system cosiing. It can handle continuous and
event file-based data and uses relational databasagement formalism and the CSS v. 3.0
scheme for information organization. It runs on $iorosystems' Solaris OS on SPARC and
Intel architectures. It was developed by the BRROmMPany and Kinemetrics and is currently
used by IRIS networks, the US Air Force, many sasmetworks in the U.S.A., and about
eight national seismic networks in Asia and Europe.
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Fig. 85 The Global Seismic Network (GSN) and other glomaladband stations that are
members of the Federation of Digital Broad-Bands®egraph Networks (FDSN) (figure
from IRIS home pagéttp://www.iris.ed). For complementary information on the Global
Seismograph Network (GSN) see Figure 1in IS 8.3.

8.4.4 The choice between physical and virtual seismic systems

The decision on which type of network is optimgbeleds mainly on two factors: cost and the
requirement for real-time data. For seismic netwoskth important alarm functionality, the
main requirement is to locate events and determiagnitude as fast as possible. For this
purpose one has to have raw data available intireal This usually means that most of the
virtual seismic networks are ruled out and a phalsietwork must be used. Two exceptions
exist: virtual seismic networks that can handld-tieae data transfer via the Internet (like
ANTELOPE) or networks in which each field statioancprovide accurate automatic event
location and magnitude, and this information is iedmtely sent to the central station.
Remote stations must initiate data transfer. Tlasvback is that remote automatic locations
based on a single station data are less relialuetat the results can not be verified before
the complete raw data arrives.

For seismic networks with the exclusive purposenohitoring general seismicity and/or to
serve research purposes, there is no need fotimeldata. The two main factors in deciding
which network is the most appropriate are costvaf@rship and quality of data. For research
purposes, flexibility is also a very important issuf phone lines or coverage by a cellular
phones system is available at seismically quietssit may be less expensive to construct a
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virtual network. For a large network, for which dmded radio links are not an option, a
virtual network will probably be the least expersalternative.

Since communication costs are quickly decreasingpnone service is becoming universally
available, it is likely that more and more network#l operate as virtual networks in the
future.

8.5 Seismic data acquisition

8.5.1 Digital versusanalog data acquisition

There exist three primary types of physical seisneitworks with respect to the technology of
data acquisition: analog, mixed, and digital.

8.5.1.1 Analog seismic systems

The analog seismic systems include sensors, whieh adways analog, analog signal
conditioning, usually frequency modulated (FM) tetdry through radio (RF) or phone lines,
analog demultiplexers, and analog drum or film rdecs. Paper or film seismograms are the
final result of a completely analog system. The pricnary drawbacks of such systems are:

1) the low dynamic range and resolution of the acquitata (about 40-45 dB with single
and about 60-65 dB with double, low and high-gaatadransmission channels) lead
to issues of incomplete data. On the one hand, reaagits have amplitudes that are
too low to be resolved on paper or film recordsilevbn the other hand, many records
are clipped because their amplitude is too largeifaistorted recording. In fact, only
a very small portion of the full dynamic range @frtbquakes that are of interest to
seismologists are actually recorded distortion tle@nalog systems;

2) the incompatibility of paper and film records witbmputer analysis. This is a very
serious drawback today because modern seismicsamatyalmost entirely based on
computer processing.

For these reasons such systems are no longer lngihg

8.5.1.2 Mixed analog/digital systems
Mixed systems, frequently erroneously called digiteave analog sensors, analog signal

conditioning, usually FM telemetry, and analog d#ipiexers, but digital data acquisition at
the central-recording site, digital processing, digital data archiving.
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Such systems also have a low dynamic range (us&dlydata transmission links are the
limiting factor) and therefore, they have the sathsadvantage as the analog systems
regarding data completeness and quality. Howekiey; tan accommodate off-line as well as
automatic near-real time computer analysis. One ws most modern analysis methods,
except those that require very high-resolution data. Such systems are still useful for some
applications when the higher dynamic range of dyfdligital system is not of prime
importance and the purpose of the seismic netwsliknited to a specific goal. Advantages of
these systems include low cost and low power copsom of the field equipment. Fig. 8.6

shows a typical setup.
Field Field Field Field
station station station station
Analog transmission

Analog signal reception
Signal conditioning
Distribution pannel

A

A/D conversion

y

Digital recording system GPS
Trigger algorithm
Processing software

y

time receciver

Fig. 8.6 Typical analog-digital network. The analog daté&ransmitted to the central site over
fixed analog communication channels, usually FM oiatdkd radio links or phone lines. At
reception, the signals are put into a distributipanel where incoming signals are
demodulated. Some filtering may take place befbeedata are digitized by a PC or similar
recording system. Timing is done within the digggstem. Today, very few alternatives to
GPS exist.

8.5.1.3 Digital seismic systems

In digital systems, only the seismometers are gnaldl other equipment are digital. The
dynamic range and the resolution are much highan tthat of analog and mixed type
systems. These factors depend mainly, but not @mythe number of bits of the analog-to-
digital (A/D) converter. 12- to 24-bit A/D converseare available today, which correspond to
dynamic ranges of approximately 70 to 140 dB. kxcpce, however, the total dynamic range
and the resolution of data acquisition is usuahlslthan the number of bits an A/D converter
would theoretically allow, since 24-bit converteasely have a noise level as low as 1 bit.

There are two known design principles that carhirrincrease the dynamic range and/or the
resolution of seismic data recording.
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The gain-ranging method automatically adjusts tieay gain of the system according to the
amplitude of the seismic signal and thus prevelippiog of the strongest events. In this way,
the dynamic range of data acquisition can be draaibt increased, however, the resolution
remains roughly unchanged. Unfortunately, even mmoééectronics are imperfect and gain-
ranging amplifiers introduce ‘gain-ranging errois’the data. Therefore, the resolution of
gain-ranged recording is actually decreased. Tasahse depends on the data itself, which
makes these type of errors hard to detect. For¢laison, many seismologists are reluctant to
use the gain-ranging systems. They have been m&gilgiced by straightforward, multi-bit
A/D conversion, which nowadays allow nearly as wadgynamic range.

The over-sampling principle (see 6.3.2) is ano#pgroach which helps improve the dynamic
range and resolution of digital data acquisitione ata is sampled at a much higher rate than
is required in seismology and then the value ohesmple of the final (lower sampling rate)
output data stream is calculated by a statisticatleh The increase in the resolution is
significant. However, the efficiency of over-sanmglidepends on the ratio between the over-
sampling frequency and final sampling rate of dcagismic data. The higher the final
sampling rate used, the less benefit is gained fswar-sampling. Therefore, for example, in
local seismology, which frequently requires 200-Bampled data, the benefit of over-
sampling is quite modest with some data loggergtessiFig. 8.7 shows a typical setup.

GPS GPS GPS
Field Field Field
station station station

Diﬂt\a‘ltranir?sion

Digital recording
Trigger algorithm
Processing software

GPS

Field
station

Fig. 8.7 Typical digital network. The digital data is teamitted to the central site over fixed
digital communication channels. At reception, tignals enter the recorder directly. Timing
normally takes place at the field stations, althosgme systems also time the signal on
arrival.

Buyers of digital seismic networks sometimes ask ddditional paper drum recorders
because they wish to continuously monitor inconsignals and/or believe drum recorders
will serve as an excellent educational tool. HoweWeere are a number of problems with
paper drum recorders in digital systems. One probievolves around the requirement for
additional electronic components, such as digbalbhalog converters. Being mechanical
devices, drum recorders are and will continue tcekgensive, often costing more than a
multi-channel digital recorder. They require contins and specialized maintenance and
consumables. On the other hand, nearly all modbeergatory seismic software packages
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allow for the continuous, near-real-time observatd the incoming signals and some even
simulate the traditional appearance of paper heleorecords. Our experience is that once a
user becomes familiar with a digital system, expenpaper drum recorders soon prove to be
of little use and are thus a poor investment.

8.5.2 Trigger algorithmsand their implementation
8.5.2.1 Continuous versustrigger ed mode of data acquisition

Continuous, digitally-acquired seismic signals bgit very nature provide a huge amount of
data. A reasonably sized, digital, weak-motionre@setwork operating in continuous mode
will produce a volume of data so large that mostvoeks would find it implausible to store
for any length of time. Yet, only a small portiohtbat data are, in fact, useful earthquake
information.

This storage problem has frequently led seismiwost users to operate their systems on a
“triggered" basis (particularly the local and rewib seismic networks that require a high

frequency of data sampling). Triggered systemgé diilcontinuous, real-time acquisition and

processing of seismic signals, but only store dgyaasociated with seismic events. Such
systems do not store continuous time historiesednsic signals, but rather produce "event
files".

A decision between a continuous and a triggeredenudaperation usually means a decision
between higher network event detectability verseduced detectability. The difference is

significant and can become drastic if man-madengeisioise at the remote station sites is
high due to poorly selected sites or trigger patamsethat are not adjusted optimally. In

modern high-capacity recording systems, this degiss less important since these systems
often provide for large temporary storage of camtuns data in ring buffers (see below).

Note that the continuous seismic signal recordimmyipes the most complete data, but storing
and processing all of that data can be difficulpensive, or even impossible. Obviously,
systems in triggered mode will lose some weak evantl produce a certain number of false
triggers. The completeness of data inevitably igsaimed because the efficiency of the trigger
algorithms currently available is inferior to thetyern recognition ability of a trained
seismologist’s eye.

8.5.2.2 Trigger algorithm types

Triggered seismic systems can have various triglggrithms.

The amplitude threshold trigger simply searchesafoy signal amplitude exceeding a preset
threshold. Recording starts whenever this thresiwlgached. This algorithm is normally

used in strong-motion seismic instruments, whica aystems that do not require high
sensitivity. Consequently, man-made and naturansiei noise will only produce infrequent

triggers.

The root-mean-square (RMS) threshold trigger isilamto the amplitude threshold
algorithm, but the RMS value of the amplitude irsteort time window is used instead of
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‘instant’ signal amplitude. It is less sensitivepike-like, man-made seismic noise, however it
Is rarely used in practice.

The ratio of the short-time average to the longetawverage (STA/LTA) of the seismic signal
is the basis of the most frequently used trigggorthm in weak-motion seismology. It
continuously calculates the average values of bselate amplitude of the seismic signal in
two consecutive moving time windows. The short-tiwiedow (STA) is 'sensitive’ to seismic
events, while the long-time window (LTA) providesfarmation about the temporal
amplitude variation of seismic noise at the siteh@W this ratio exceeds a preset value
(usually set between 4 and 8), an event is 'detlamed data starts being recorded in a file.
The STA/LTA trigger algorithm is well suited to e®pwith slow fluctuations of natural
seismic noise. It is less effective in situatiorfsewe man-made seismic noise of a bursting or
spiky nature is present. At sites with high, irfreguman-made seismic noise, the STA/LTA
trigger usually does not function well. For moreads on STA/LTA algorithm and parameter
setting see IS 8.1.

Several more sophisticated trigger algorithms amew from the literature. They are

sometimes used in seismic networks but rarely ensismic data loggers available on the
market. In the hands of an expert they can sigmitiy improve the event detections/false
triggers ratio, particularly for a given type ofisaic event. However, these triggers often
require sophisticated parameter adjustments thatpcave to be unwieldy and subject to
error.

Every triggered seismic system must have an adjlestmnd-pass filter in front of the trigger

algorithm. This is particularly important with BBné VBB seismometers where small

earthquake signals are often buried in dominantOB2Hz seismic noise. The adjustable
band-pass filter allows the trigger algorithm to densitive to the frequency band of one's
interest. In this way such events may be resolvebazquired. Some recorders allow several
trigger sets to be used simultaneously. This iddeeaf for example, a BB station has to

trigger on microearthquakes, teleseismic P wavek anface waves which each require
separate setting of filters, STA and LTA. The GStbafterra stations operate in this way.

8.5.2.3 Coincidencetrigger principle

In seismic networks with standalone stations, e&chote station has its own independent
trigger. In such networks data are usually trameteto the central-recording site on request
only or it is collected in person. These seismibmoeks have the lowest effectiveness of
triggering and consequently, the smallest detectiogshold and/or the highest rate of falsely-
triggered records. The completeness of data is stdmeause not all stations in the network
trigger simultaneously for each event. This appnoaequires a good deal of routine
maintenance work in order to "clear" numerous faemrds from the local data memory if
trigger thresholds are set low; if not, the netwbds a lower detection threshold. Remote
stations may encounter ‘'memory full' situations tludaving a limited local memory. Such
networks absolutely require the careful selectibstation sites with as low as possible man-
made seismic noise. If low noise is not assuredpl@servatory quality network may be so
insensitive as to be considered a serious projaeittiré. However, such networks are
frequently used as temporal seismic networks. Taiey function well where high sensitivity
Is not desired at all, for example, in most stromgtion networks.
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Seismic networks that use the coincidence trigggorithm are much better at detection

thresholds and completeness of acquired data. ésetlsystems, data are transmitted
continuously from all remote stations to the cdnteaording site where a complex trigger

algorithm discriminates between seismic events sgigmic noise. The coincidence trigger
takes into account not only signal amplitudes Hsb @orrelation in space and time of the
activated stations within a given time window (t#hi@dow allows for wave propagation). The

trigger threshold level of such a robust algoritbam be significantly lowered, resulting in a

more complete record of small events for the emte®vork. All stations in the network are

recorded for every trigger, which greatly improwesnpleteness of the recorded data. Virtual
seismic networks can also request and store datadrery station, however with some time
delay.

8.5.2.4 Ring-buffer seismic systems

An even better solution is provided by systems thatporarily store continuous signals in
memory (ring buffers, usually on disk) for a giveeriod of time ranging from several hours
to several days. After the specified time, thes#esys erase the old data, replacing them by
the new incoming data. However, during the desgphdime, a seismologist can detect,
associate, and analyze events far better than atgmatic algorithm. While this method
requires more or less prompt analysis of seisngoads, excellent completeness of data and
detection threshold are obtained. In addition, thoee most interesting periods, such as
aftershock sequences or earthquake swarms, thealatae archived in a continuous manner,
thus permanently keeping all information contaimethe signals. Ring-buffered systems are
also very useful if the seismic system is accedsgdvarious institutions for different
purposes. Every user can ‘browse' for data acaptditheir own interests.

Ring-buffer systems can still have an automatigger algorithm operating simultaneously,
which enables automatic processing and a shortioeatme following large events. Modern

high capacity and very affordable hard disks endleuse of this approach, even by the
relatively inexpensive systems. A ring-buffer systes presently the best compromise
between a triggered and a fully continuous seigystem (see also 6.5.2).

8.6 Seismic datatransmission and network examples

8.6.1 General considerations

While data transmission may not seem like an ingmtrtechnical issue for a seismic network,

a poorly selected or designed data transmissiaersys one of the most frequent causes for
disappointment and technical failures. The suca#sa seismic network operation rests

largely on the reliability and the quality of datansmission.

Another very important but frequently overlookedtta is the cost of data transmission. In
fact, these costs may largely determine the buidget long-term seismic network operation.
Many seismic networks all over the world have béemed to change to less expensive
modes of transmission after some years of operafioa data transmission costs per year in a
network established right after a damaging eartkguaay seem completely acceptable at
first, but may be viewed as excessive after jUdstnayears of relative seismic quiescence.

20



8.6 Seismic data transmission and network examples |

There are three key technical parameters to cangidkesigning a physical data transmission
system:

» the required information flow (channel bandwidtih &malog links or data transfer rate
with digital links);

« the distance to which data must be transmittedofipes unimportant with computer-
network-based seismic networks);

» the desired reliability (acceptable down-time oé tinks, that is, the maximum time
period per year when the signal-to-noise raticoigdr than required (analog links) or
bit error rate (BER) is higher than allowed (digltaks).

In virtual seismic networks two decisions are th@stimportant:

* the physical network which will be used to estdbliz virtual seismic network
(Internet, proprietary WANs (Wide Area Networkshatog public phone network,
ISDN, etc.); and

» the protocol that will be used.

These parameters must fit the available data tremsgon infrastructure in the country or
region, the available network operations budgeq the network’s performances goals.

Technical considerations, reliability, initial peiand operational costs of data transmission
links vary widely from country to country. Local mditions in a particular country or region
are a very important factor in the selection ofagpropriate data transmission system. It is
essential to get information about the availahiligliability and cost of different approaches
from local communication experts. The manufactuoérseismic equipment are generally not
familiar with the local conditions and may be ureatd correctly advise the best solution for a
particular country.

8.6.2 Typesof physical data transmission links used in seismology

In seismometry there are several different kindplofsical data transmission links in use,
from simple short-wire lines to satellite links arglobal scale. They differ significantly with
respect to data throughput, reliability of opemfionaximum distance, robustness against
damaging earthquakes, and cost of establishmenbe@tion. A table in IS 8.2 enumerates
the most common types, their major advantages amavbdicks, and their potential
applications.

Note that strong-motion seismic networks generatdess data than weak-motion networks
and therefore, their designs might differ signifitg. Seismic data transmission links that are
fully acceptable for strong-motion data may be ewdte for weak-motion data and data
transmission links used in the weak-motion fieldymaze an absolute overkill and too
expensive for strong-motion networks.
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8.6.3 Simplex versus duplex data transmission links
There are two basic types of digital data transimmsknks.

Simplex links transmit data only one-way - usudtlym remote stations to the center. These
links are relatively error prone. Radio interferenor fading may corrupt data during
transmission and there is no way of recoveringupied data, unless forward error-correction
(FEC) methods are used (see 8.8.6.6). HoweveFHEH@&methods are rarely used except with
satellite links. They require a significant bandihidverhead, which is hard to provide using
standard, low cost 3.5-kHz bandwidth RF channeispx links usually use the type of
error-checking that allows recognition of corruptida but not its correction. The methods in
common use range from a simple parity check orlcisemn (CS) error detection to cyclic
redundancy check (CRC) methods.

Duplex links allow data flow in both directions roim the remote station to the center and
vice versa. Different types of error-checking mehare used, ranging from a simple parity
check or CS error detection to CRC error detect@mce an error is detected, the data block
is resent repeatedly until it is received correchly this way, a very significant increase of

reliability of data transmission is achieved. Hoeewhese links require nearly double the
amount of the RF equipment and are therefore expgenempared to the simplex links.

Another very important benefit of duplex links ikat they allow remote access and
modification of the data acquisition parametershef remote seismic stations and the use of
various diagnostic commands at the remote statjees 8.8.6.3 below). This ability can
significantly reduce the maintenance costs of sustismic network.

8.6.4 Datatransmission protocols and some examples of their use

Serial data communication and Ethernet are the cwsmonly used way to transmit digital
seismic data.

Most seismic digitizers will send out a stream afadin serial format and all computers have
hardware and software to communicate with seritd.da serial line requires at least 3 lines:
One for sending data, one for receiving data, aondrgl. If data only is to be sent or received,
two lines suffice. The serial lines use either B2-protocol or the RS-422 protocol. The

former can run on up to 50 m long cables and ttierlan cables up to 2 km long. Serial line
communications may be used by modems, radio liftksd telephone lines, cellular phone,

and satellite links.

Below are some examples how serial data transmissigsed in practice.
Example 1. One-way continuous communication (see Fig. 88)remote station has a
digitizer sending out RS-232 data, which enteradaorlink to a PC, which reads the data and

processes it. The communication is governed byRB8e232 protocols. The software on the
PC can run a continuous- or triggered-mode dataisitign system.
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Fig. 8.8 One-way communication from a remotely installegittzer via a digital radio link to
a centrally located PC. The radio modem and traanireceiver might be one unit.

Example 2: Interactive communication with a remote seisntatisn (see Fig. 8.9). A user
calls up a terminal emulator on his PC, connects tmodem with one of the PC's serial lines,
dials the phone number of the modem connectedetoetmote station, and logs into the field
station. Once logged in, several options are ugualhilable. One is to browse a log file
containing all triggered events in the local memafryhe station. Another option is to initiate
a download of event data. A very common way tohds over a serial line connection is to
list the event file in ASCIl form and then set upetterminal emulator at the local PC to
capture the data. This is one way of getting dedenfa standard GSN seismic station. The
advantage of this type of communication is thay emary simple software is required and it is
easy to access to many different seismic statibhs process can also be easily automated
(see IS 8.3).

Seismic station with Computer
nadoe Modem Modem A7 PC
local memory or other
| | type
Dialup Dialup
phone phone

Fig. 8.9 Manual dial-up to a seismic station for data ewn and/or download. The dialing
computer can be of any type as long as a termmalator program, such as Hyperterminal in
MS Windows, is available.

Example 3: Interactive communication with a remote seismiatisn using proprietary
software. The user starts up a manufacturer-suppliegram on his local PC. The program
handles all the communication to the field statmnchased from this manufacturer. The
user's connection with the field station will be #ssitting next door. Data download,
acquisition parameter settings, system state-oh#adth verification, and diagnostic
commands (if applicable) are managed through simpmeaus, and the event files may be
automatically transferred to the user's local Ple process can be run manually or in an
automatic, unattended mode at specified times. hW@me systems, remote stations can
initiate the transfer of triggered seismic evenitie advantage with this setup is that
communication with a particular remote station exyeasy. Unfortunately, most of the
software systems in the market work only with oypetof seismic station.

In high-speed local area networks, Ethernet mostneonly connects computers. This low-

level protocol is not what the user sees diredblyt rather a high-level communication
protocol working on top of the Ethernet protocaCH/IP is the most widely used protocol for
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file transfer and remote log-in. This is also tmetpcol used by the Internet although the low-
level protocol used between the different Intermedes might not be Ethernet. TCP/IP can
also be used over serial lines and ISDN telephioes.|

The simplest seismic stations are usually not tbmmunicate via TCP/IP protocol, but as
the computer power of remote stations is constantdseasing, more and more have TCP/IP
and Ethernet built in. A remote seismic station,owhcan be reached by TCP/IP either
through Internet, dial up ISDN, or regular phornee$, represents the most general purpose
and flexible system available.

Fig. 8.10 shows the most common way of establisAi@&/IP connections to a central data
collection system. Dashed lines between routergabel that the connection is made to one
station at a time. Large central routers that aamrounicate with many ISDN nodes at the
same time are also available.

TCPIIP based data Digitizer
. collection system for
Field station |2ialup PPP real time data and RS232
Modem triggered data Brid
ge . .
Rs232to TCPp| | Field station
Internet andlor local area network
Router Router
Modem ISDN
L Dial up connection s
Router Router Router Router
Modem Modem ISDN ISDN
Local area networkl
Field station I I Field station Field station
Field station Field station
MNetwork Broad band
Windows Linux

CEDYCEDRCED

Fig. 8.10 Different ways of getting a TCP/IP connection toemtral data collection system.
The thick solid lines indicate permanent Ethermeinections.

Getting seismic data from a GSN station using heewria a local computer is simple. The
user uses the Telnet to login to the station. Aagged in, he can check available seismic
data and use the FTP file transfer protocol to dbpeydata to the local computer. The process
is easy to automate. Fig. 8.11 shows the commuaichbks for the GSN network.

Many computers do not have direct access to thegriat but are able to send e-mail. Some
seismic stations and centers, particularly in Earopse a shared protocol for providing
seismic waveform data semi-automatically by e-maithis system is called AutoDRM
(Automatic Data Request Manager; Kradolfer, U., 898ttp://seismo.ethz.¢gh The user
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sends an e-mail request for particular data andetmote system automatically ships back the
data by E-mail.

GSN COMMUNICATIONS
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Fig. 8.11 Communication to GSN stations 2001. VSAT is &liteg connection. VSAT and
Internet have real-time connections and potentalllglata can be downloaded, while the dial
up stations transmit a limited amount of data oiffigure from IRIS home page
http://www.iris.ed)

8.6.5 Compression of digital seismic data

Because of the high data rates from digital seistatons and the throughput limitations of
available data transmission links, data is oftetmmessed before transmission. The
compression generally can be expected to halve ginentity of seismic data. After
transmission, data must be uncompressed unlesstitried directly without processing. There
are several compression routines in use, some whwdre in the public domain and others
only in a particular type of equipment. Generapyblic domain compression routines are
used for data storage while proprietary algorithares used only with specific equipment. If
communication is by a telephone line with modene, tlompression can take place in the
modem with standard agreed protocols, and no casime software is needed at the seismic
station.

With many compression algorithms, the degree ad dampression depends on the amplitude
of the seismic signal. Therefore the efficiencytled compression falls sharply during strong
earthquakes. One should be sure that the localaempmemory and the link’s throughput
will suffice in case of large, long-duration events
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8.6.6 Error-correction methods used with seismic signals

All digital communications experience errors. Ire ttransmission of seismograms this is
particularly fatal since just one bit of error miglesult in a spike in the data with a value a
million times larger than the true seismic sigi@bviously, this could wreak havoc in trigger

systems, and one byte missing in an event file tmighrupt the whole event file.

One of the principles of error correction is thatalis sent in blocks, e.g., 1 s long, and along
with the block of data there is some kind of ‘cheakn'. If the check-sum does not tally with
the received data, a request is sent to retrartbatitparticular block of data. Obviously this
type of error correction requires duplex transnoissiines and local data memory at the
remote station. If only one-way transmission isilade, the errors can not be corrected using
the check-sum method but they can be detected gmo@iate action taken at the receiving
end. However, loss of data is inevitable.

Error correction can be utilized at different haader and software levels and can be of
various types.

Proprietary error correction is used in many system the market. In these cases, the system
operates over dedicated links and all the respoitgifor transmission and error correction
lies with the system. An example would be a digigalio link to remote stations that uses a
manufacture’s protocol for error correction. Thetpcol in this case would be built into the
commercial product.

Standardized hardware error correction is anotlssipility. The hardware unit, where the
data enters the digital link and where it comes bas its own error correction built in. From

the user's standpoint, it is assumed that no eocwear between the input and output of this
hardware. The most common example of such hardwex& correction is a telephone

modem that uses internal, industry-standard ewoection.

Computer networks use their own error-correctiothmgs. When computers are linked with
common computer network protocols like TCP/IP orriig, error correction is built in from
computer to computer. This is obviously the bekitsmn, however it requires that the seismic
remote stations operate quite sophisticated so&vwdost simple digital remote stations today
can not benefit from this type of error correctidnut the trend is to use more powerful
processors in remote stations so this form of ezoorection might be more dominant in the
future. Nevertheless, several seismic data loggéesady on the market are capable of
communication with higher-level protocols.

Satellite data transmission links usually use fadwvarror-correction (FEC) methods. FEC
works on simplex links and doesn't require anyaregmission of data blocks to correct errors.
FEC is similar to check-sum error detection. By panng the transmitted check-sum and
that of the received data, corrections can be m@de. drawback, however, is an increased
data channel bandwidth due to a significant datalmad dedicated to error correction.

One should carefully consider the interplay betwtenerror-correction system built into a
seismic system with that of the particular commatian equipment to be used.
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8.6.7 Selsmic data transmission and timing

All digital data acquisition and transmission syssecreate a certain time delay. This delay
depends on the digitizer, the digital protocol ukedransmission and the computer receiving
the data. For this reason, most digital field statitime stamp the data at the remote station
and subsequent delays in the transmission havdfext en timing accuracy. However, there
are also digital network designs where the timaidges place centrally. This can be done if the
digital data arrives at the central site with adprable or measurable time delay. The central
computer must then time stamp the data when iegrin real time and later correct it for the
known transmission and digitizer delays. One adgatwith this system is that only one
clock is needed for timing the network. A furth@lvantage is a simpler and less expensive
remote station consisting only of a sensor andg#izier. The disadvantage is that timing
accuracy is not as good as with time stamping atrémote sites because time delays are
known only with a limited precision and they magalary in time. Also if the central clock
or its synchronization with RF time signals failse whole network fails. Most networks are
moving towards time stamping at the station becdBB& clock prices are now a small
fraction of total digitizer costs.

8.6.8 Noteson dial-up phonelines and selection of modems

Dial-up phone lines are very often proposed fosrs& data transmission because they are
readily available and apparently cheap. Howevery thave important limitations of which
one must be aware. First, continuous seismic datssinission is not possible via dial-up
lines. This makes coincidence triggers hardly aaplie or at least very clumsy and slow.
Second, their throughput is, in practice, frequetithited in spite of the high baud-rate
capabilities of modern modems. Even the fastestemsddo not help if the public phone
system in a country is of low quality, unreliabte, overused. Especially in the developing
countries, seismic network purchasers often ovienast public phone system reliability. This
easily results in inefficient data transmission dadious re-transmission of data files. A
public phone system must be very reliable for bdéigransmission of occasionally very big
seismic event files.

In practice, dial-up weak-motion networks basedpbone lines can not 'digest’ earthquake
swarms and the numerous aftershocks after stroagt®vin the worst case, the data will be
lost, and in the best case, with large-capacitglloecorders, the delay in receiving the data
will be big. Therefore, they are an appropriateichdor low seismicity regions only. In
addition, as they often do not function for sevdraurs after strong events, due to either
especially high usage of the public phone systeteamical difficulties, they may not be the
best choice for networks with the predominant psepof giving seismic alarms. On the other
hand, however, the USGS National Strong-Motion Rnogs dial-up network of about 200
stations (out of a total of 645 stationstp://nsmp.wr.usgs.gov/near_real_time.hinthas
successfully contributed to local ShakeMapdtp(//quake.usgs.gov/research/strongmotion
/effects/shake/about.htinlin California since 1999. The data typically allewnloaded,
processed, and exported automatically to clientiwi3-5 minutes after strong-ground
shaking begins. Also, the National Research Irstittor Earth Science and Disaster
Prevention (NIED) in Japan operates an event-trggelial-up strong-motion network (K-
net; see 8.6.9.4). It comprises more than 100dgtnootion stations and their data are dialed-
up to NIED in a couple of hours after the occureentstrong earthquakes.
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In many countries, public phone networks have $ige@roperties and special ‘tricks'.
Therefore it is advisable to purchase modems lpc@lbviously one has to choose a type of
modem that has been officially approved in the équand that performs well under local
circumstances. Modems react differently to eachnphsystem's particular weak points. A
modem, which works perfectly in one country, may be the optimal solution for another
country. We strongly recommend the purchase of mmadenly after consulting with local
communication experts who have practical experienite digital data transmission over
local phone lines in a particular country.

8.6.9 Some network examples

Along the linesdescribed in the preceding section, some more ebegnape given of different
types of seismic networks in operation, briefinghbon their technical solutions and purpose.

8.6.9.1 International Monitoring System (IMYS)

In recent years, a new global network, the Intéonal Monitoring System (IMS) has been
set up aimed at monitoring the Comprehensive Nudeat-Ban Treaty (CTBT) (see
http://www.nemre.nn.doe.gov/nemre/introduction/ishsscript.ntml and Barrientos et al.,
2001). The IMS consists of 50 stations designatetpamary”, mostly arrays (see Chapter
9), with real-time data transmission to internaéilbdata centers, including the IDC of the
CTBTO in Vienna. In addition there are 120 “auxtfastations that provide data on request
to the IDC. Many of the auxiliary stations are memsb of the Federation of Digital
Broadband Seismograph Networks (FDSN;see Fig. 8bh#p://www.fdsn.org. The IMS
network (Fig. 8.12) is currently the largest andstmoodern physical real-time network in the
world. However, when requesting data from auxilistgtions, it works like a virtual network
where the real-time network makes the detectiodspaeliminary locations and then requests
additional information from remaining stations forproving these preliminary findings.

GSN & INTERNATIONAL MONITORING SYSTEM (IMS)

¥ GSN IMS Designated Stations
® Other IMS Seismic Stations

Fig. 8.12 Stations in the International Monitoring Systdi$).
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8.6.9.2 Southern California Seismic Network (SCSN)

California probably has the world's largest densityseismologists and seismic stations and
there are two large networks of more than 350 astatieach in northern and southern
California, respectively. The SCSN (Fig. 8. 13)oise of the largest and most automated
regional networks in the world, consisting of a tuie of triggered and continuous systems
using a large variety of equipment and communicatieans. Central recording takes place
at CALTECH. This network and the NCSN have beeryepioneers in setting up local
networks (Lee and Stewart, 1981). The network a#rbe characterized as either physical or
virtual since it is a complex mixture of both. # interesting to note that despite the high
technological level, there are still some simplbust analog stations in the network. This
network is definitely NOT a turnkey network.

Digital and analog seismic stations in Southern California Seismic Network, January 1999
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Fig. 8.13 The Southern California Seismic Network (SCSN). $i&tem has several types of
stations. Empty triangles are digital broadbantiests; the filled-in triangles are other types
of digital stations; and the round filled symbote analog stations. The lines shown are faults
(figure from the SCSN home pab#p://www.trinet.org/scsn/scsn.html

8.6.9.3 Japanese Seismic Networks (Hi-net, F-net, and K-NET/KiK-net)

Three seismic networks (Fig. 8.14) are now operatethe National Research Institute for
Earth Science and Disaster Prevention (NIED) iradadhe first one is a high sensitivity
seismograph network named the Hi-net. It compreesut 600 stations. At each Hi-net
station a short-period seismograph is installeti@bottom of a borehole with a typical depth
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of 100-200 m. The second network is a broadbarsirs@jraph network, named the F-net. It
comprises about 70 stations. At each F-net stadidiroadband seismograph is installed,
together with a strong-motion sensor with a velepitoportional response, in a vault at a
depth of about 50 m. Ground motion data collectgdhlese networks are sampled with 100
Hz and recorded with a dynamic range of 144 dbk{24vords). The data are continuously
transmitted to NIED via TCP/IP network. The thiretwork is a strong-motion seismograph
network named the K-NET, which comprises more th@®0 stations. At each K-NET station
an accelerometer is installed on the ground surfélce event-triggered data are dialed-up to
NIED in a couple of hours after the earthquake oerce. Additionally, strong-motion
accelerometers are installed at all Hi-net statidimss sub-net is named the KiK-net. At each
KiK-net station accelerometers are installed batthe ground surface and at the bottom of a
borehole, together with a Hi-net sensor. The dallaation for the KiK-net is almost the same
as that for the K-NET. Any user in the world haspccess via the Internet to the data

obtained from these networkstip://www.hinet.bosai.go.jp/jishirportal/index_e.php).
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Fig. 8.14 Japanese Seismic Networks (Hi-net, F-net, and K/NKFnet).
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8.6.9.4 German Regional Seismic Network (GRSN)

The German Regional Seismic Network (GRSN) (see Bi@5 and Senatskommission
(2002)) is comprised of 16 STS2 digital broadbatatiens with a flat, velocity-proportional
response characteristic in the frequency range 8182 to 40 Hz. Besides monitoring and
collecting high-quality data from regional and gibbeismic events, it is specifically aimed at
recording and locating all events with Ml > 2 onr@an territory. All stations are
continuously recorded and, with one exception, ected via Internet with each other and
with the network center at the Grafenberg Obseryaf8RFO) in Erlangen. The latter is also
the center for the Grafenberg broadband array (GRiWe stations transmit their data to
Erlangen in real time while the other networkedisites automatically send data once a day at
fixed times during the night or, in case of speenatnts, on request by dialing-up. Thus, the
GRSN is a mixture of a physical and a virtual netwd-or more details see the web site
http://www.szgrf.bgr.de/

GRSN/GRF stations
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Fig. 8.15 Map of the station sites of the German Regionadi8& Network (GRSN).
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8.6.9.5 Norwegian National Seismic Network

This network is a typical virtual network operategdthe SEISNET data collection system. It
consists of 22 stations of which six are connet¢tetivo analog sub-networks with analog
transmission (see Fig. 8.16). Field stations aréSIRGSN or SEISLOG types with
Nanometrics digitizer, Earth data digitizer or mughannel boards for the two analog
networks.

internet
S SEISNET
csn| |Analogradioor| | SEISLOCG SEISLOG ISNET | modem | SEISLOG
phone line BB SP collection BB

> ®®

Fig. 8.16 Types of stations in the Norwegian National Seiskgtwork (NNSN). Nearly all
stations are connected by Internet (fixed or ISD& dp) with the rest connected by dial-up.
Abbreviations are: S: seismic stations in a loaglvork; and GSN: Quanterra type of GSN
station.

The network covers a large area (see Fig. 8.17)cantmunication is by Internet (fixed or
ISDN dial-up) or by a simple ASCIl modem connectibor most stations only triggered data
is used, while for three BB stations, continuoutada collected. Each station has its own
trigger and, because of the large area, it istreaean event is recorded at all stations.

A UIB statlons

/5 NNSN stations # RIS stutions

Fig. 8.17 Norwegian National Seismic Network (NNSN).
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8.7 Sesmic shdters

8.7.1 Purpose of seismic sheltersand lightning protection

Civil engineering structures at seismic stationsues a good mechanical contact between
seismic sensors and non-weathered, solid bedrduky protect equipment from temperature,
humidity, dust, dirt, lightning, and small animalghe shelter should also provide a good,
low-resistance electric ground for sensitive elmtt equipment and lightning protection, as
well as easy and safe access for equipment maimterend servicing. The well-engineered
seismic shelter structure must also minimize digtorof seismic signals due to structure-soil
interaction and man-made and wind generated seisnise.

Seismic sensors require a stable thermal environfoeoperation, particularly BB and VBB
sensors. With passive sensors, mass position maygehtoo much and with active sensors,
temperature changes result in an output voltage drich can not be resolved easily from
low-frequency seismic signals. This can greatlyuced the signal-to-noise ratio at low
frequencies or even clip the sensor completelyoAlmany active sensors require mass
centering if temperature slips below a few °C a& temporal temperature gradient is too
large. Less than 0.5°C peak-to-peak temperaturegesain a few days should be assured for
good results when using broadband sensors. Thistis trivial requirement for a seismic
shelter. Extremely demanding (usually non-vaultedyW'BB shelters can assure even better
temperature stability. Peak-to-peak temperaturegésm as small as ~ 0.03°C in two months
(Uhrhammer et al., 1998) are reported for the st shelters. Passive SP seismometers and
accelerometers are much less demanding than BB/BBdseismometers with respect to the
thermal stability of sensor environment. Many wibrk well in an environment with many
degrees of temperature fluctuation.

Two vital, however often overlooked issues withgmiially fatal consequences, if neglected,
are lightning protection and grounding system.

Lightning is the most frequent cause of seismia@gent failures. One needs to research the
best lightning protection for each particular sitow (lightning threat varies dramatically with
station latitude, topography, and local climate) #men invest in its purchase, installation and
maintenance. Several seismic networks have lo$tdnahore of their equipment less than
two years after installation because network opesasimply neglected adequate lightning
protection measures.

A good, low-impedance grounding system keeps insni noise low, allowing proper
grounding and shielding of equipment and cabless & prerequisite for a good lightning
protection system and is also absolutely requimedah interference free VHF or UHF RF
telemetry.

In some areas a light fence may be required artlmdiault to minimize man- and animal-
made seismic noise and to protect stations ageargtalism. The area covered by the fence
may range from 5 x 5 m to 100 x 100 m, dependinge@veral factors, e.g.: what kind of
activity goes on around the site; the populationsttg in the vicinity; the ground quality;
natural seismic noise levels; and the depth ofvilndt. Note that fencing often represents a
significant portion of the site preparation costs.
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Inadequate site preparation and seismometer platerag easily wipe out all the benefits of
expensive, high-sensitivity, high-dynamic rangessec equipment. For example, thermal and
wind effects on a shallow seismic vault locateduononsolidated alluvial deposits instead of
bedrock can make broadband recording useless phiirgless to invest money in expensive
seismic equipment only to have its benefits wabeszhuse of improper site conditions.

8.7.2 Typesof seismic shelters

The three main types of seismic shelters are:

surface vaults which are the least expensive andabythe most frequently used,
however they suffer the greatest level of naturad aman-made seismic noise (see
7.4.2),

deep vaults placed in abandoned tunnels, old ninestural caves which are usually
the best locations with respect to the price/saismise-performance ratio, however,
they may not be available and sometimes requirensite cabling, which can increase
their cost (see 7.4.3).

borehole seismic stations with depths from 10 t626h which are the best from the
perspective of seismic noise. Improvement of tigeaito-noise ratio of up to 30 dB in

ground velocity power density at about 0.01 Hz lbarobtained by a 100-m deep hole.
For high frequencies above 1 Hz the greatest gainsise level reduction are realized
within the first 100 m of hole depth. Wind-genethteigh frequency noise can be
attenuated as well, however a complete shieldiamfit is possible only with a very

deep borehole (Young et al. 1996). Boreholes apemsive. They may cost from US$
5,000 to US$ 200,000 for the borehole itself, plus cost of borehole type sensors,
which are significantly more expensive than reguarface sensors. Boreholes are
used principally in regions covered entirely byuaial deposits where sites with good
bedrock outcroppings are not available; or for thest demanding research work
requiring low tilt-noise in horizontal component Biad VBB installations (see 7.4.5).

Shallow boreholes with a depth from a few meted%om are sometimes used instead of
surface vaults for pure economic reasons. A 15-epdeirface vault in a difficult terrain may

cost more than a shallow borehole of the same dé&wlsmic noise improvement in such
shallow boreholes is negligible.

In terms of network cost, it might be cheaper wéase seismic station density to achieve a
desired detection level rather than install a ferehole systems

8.7.3 Civil engineering works at vault seismic stations

Today, seismic stations are most often in the gilotault form. The massive, solid concrete
"seismic piers", traditionally found in old seisnobservatories, are no longer built. Above-
ground buildings or shelters are not desired atrallact, above-ground structures are far less
suitable than underground vaults because of palesitiucture-soil interaction problems as
well as wind generated seismic noise caused byattwve-surface structural elements.
(Bycroft, 1978; Luco et al., 1990). Also, suffictethermal stability of the environment is
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much easier to achieve in an underground vausimiill buildings of any kind already exist at
the selected location, make sure the seismomet#trisgplaced far enough away to minimize
wind-generated noise. as recommended already inotde Manual of Seismological
Observatory Practice (Willmore, 1979) (see IS 7T structure of the vault should be light
and above-ground parts kept to a minimum, crealiftle wind resistance as possible.

Surface seismic vaults usually measure betweend12am in diameter, depending on their

depth, the amount of installed equipment and tisireld ease of maintenance. They are from
1 to 10 m deep, depending on the depth, quality,veeathering of bedrock at the site. Round
or rectangular cross sections are equally suitdbtamples of their design are given in Figs.

7.39 and 7.40.

8.8 Establishing and running a new physical seismic network

8.8.1 Planning and feasibility study
8.8.1.1 Goal setting

The very first step toward establishing a new ptgisseismic network is understanding and
setting the network's goals. These goals can dsifgnificantly (see Tab. 8.1 in 8.3.5). The

same applies to the seismic system requiremento, Alist as each country has unique
seismicity, seismotectonics and geological fornregjoso every seismological project has
unique contextual combinations that one must censid order to find the optimal system

design for that project.

Several issues must be addressed:

« the user's interests in ranked order: local seiggy(epicentral distances < 150 km),
regional seismology (epicentral distances betwéesh dnd 2,000 km), and/or global
seismology (epicentral distances > 2,000 km);

» the main purpose of setting up a network is usugtlyer to monitor a region's general
seismicity or to perform special studies (monitgrof special seismotectonic features,
of important civil engineering structures, of ereprning and/or nuclear explosions, of
man-induced seismicity, etc.);

» the relative importance to the project’s alarm fiorcfor civil defense purposes: Is the
seismological research aimed at the long-term atibg of the country's seismic risk
or at the scientific research of the Earth's deegtire?

Many countries that have little or no seismic equept should initially consider buying a
system to monitor the region's general seismidibey should expect the new system to help
mitigate the region's seismic risk over a long @eof time. Nevertheless, even for a project
of such a well-defined scope, several questiongd stilisbe answered, including the country’s
needs as well as its financial, personal, and strfuature capabilities:

* how big is the region to be monitored?
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* what is the seismicity level in the region?

* what is the institution’s existing level of seismetny knowledge, and what are its
resources for improving that knowledge?

* what is available in terms of communication infrasture?

* how much money is available to establish the sy8tem

* how many resources are available, per year, tcatpand maintain the system, and to
support research work using the system's data?

Having realistically quantified the above factsgeoran then begin shopping for a seismic
system that meets those criteria. There is alwayade-off between desires and reality. This
procedure ensures that the new network will perfeaccessfully in the existing environment,
if carried out realistically.

If there are few or even no seismology expertslabi@ in the country, definitely get help
from consultants in the international academic @axho are independent of commercial
interests. In this early phase, focus on your agisitspecific socioeconomic needs and
seismic awareness, and do not worry too much atqmedific equipment. Wait until the later
phases of network design to contact sales andsystgineers from seismic equipment
manufacturers for help in defining the technicdhds of your system.

8.8.1.2 Financial reality

Often, newcomers to seismology do not know howlkocate their finances to obtain the
optimal seismic network design. Too often they sp#re majority of their network funds
purely on purchasing equipment (boxes), even thaugtdentically important expenditure is
required for proper operation of this complex equént. To make sure one has correctly
prepared for the purchase of seismic network egeignone's budget must include money for
the following:

« a feasibility study that examines potential netwiaryouts, site selection, and potential
seismic systems;

e preparation of remote stations and a central-recgrsite;

* purchase of the network equipment;

» cost of manufacturer's services, such as instatlatraining, maintenance, and long-
term support;

» cost of salaries and training for the new scientdnd technical personnel usually
required;

e network operation costs, including personnel, dmtmsmission, data processing
hardware and software, printing, backup storagesemables, and spare parts;

* network servicing and maintenance cost.

The five figures on the following pages show exaspbf funding apportionment among
several different established seismic network ptsjeThe numbers in the figures show the
amounts allocated to different tasks (normalizedgiggle station), both in thousands of US
dollars and as a percentage of the project's ¢otl
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Fig. 8.18 shows an approximate cost distributiogr §tation) for establishing and operating
the global seismic network (GSN) during five yeascording to the IRIS plan 1990-1996.

The IRIS consortium is composed of about 70 leadiniyersities in USA with a research

program in seismology. Not only did this networke ute most demanding and expensive
equipment available, expensive site preparation woddwide maintenance were often

required which increased the cost per station.

Cost per seismic station in $1.000

Operation &
mainten. — Equipment
147 (28%) 200 (39%)

Services

—

170 (33%)

Fig. 8.18 Cost distribution of establishment and 5-yearratien of a global seismic network
(GSN) station. Number in () is percentage of tr@qet's total cost.

Fig. 8.19 shows details of the IRIS GSN systemtabéishment costs (excluding all
operations costs; again, costs are averaged pwyn3taSurface vault seismic stations are
considered only. IRIS constructed many of the satE$GSN network as deep, expensive
borehole installations. Even if they are not taketo account in this figure, IRIS still

allocated substantial funds for the vaults ancsis other than equipment buying.

Cost per seismic station in $1.000

Other
services —
27 (12.8%)

Site ; Equipment
preparation : 131 (61.5%)

35 (16.4%)gjte selection
20 (9.2%)

Fig. 8.19 Cost distribution of establishment of IRIS GSNface vault seismic stations. In
this and the following figures the number in ( percentage of the project's total cost.
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Fig. 8.20 shows a distribution of the finances Wwhacdeveloping country spent to establish a
reasonably large seismic network, using analog &Entetry. The country's significant
investment in services (21.6%) paid for traininghegt factory and during installation, as well
as one year of the manufacturer's full-time engisepport. These expenditures were critical
for the successful start-up and operation of tetsvork.

Site
selection
2.5 (4.6%) )
Equipment
Services 25 (46%)
9.2 (17%) T 77 /)
7 g
;/ TR
Sites & Cost per seismic station in $1.000
center

preparation
17.5 (32%)

Fig. 8.20 Cost distribution of a relatively large natiorsgismic network with 20 SP seismic
stations, strong-motion instrumentation, and an&lggtelemetry.

Fig. 8.21 shows a negative example of cost didiohy for a small, yet technologically
demanding seismic network. Note the small amounxsted in tasks other than equipment-
purchases, particularly the site preparation work$% is surely not sufficient, making it
difficult to believe that these sites could providenple working conditions for such
demanding sensors as very broadband (VBB) STS1SAiI8P2 seismometers. The relatively
high amounts spent for services (9.3% for instailgtcame mostly because the purchasers
desired a turnkey type of system. With no expeesnm seismometry, the chances of
efficiently using the installed equipment seem $mal

Turn-key
. —installation
Services | 8.7 (9.3%) Equipment
2.1 (2.4%) | 71.4 (81%)
I
N

Sites
preparation
3.6 (4.1%

Site selection Cost per seismic station in $1.000
2.9 (3.3%)

Fig. 8.21 Cost distribution of a small, technologically highd seismic network with an
inappropriate allocation of funds.
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Fig. 8.22 shows another example of a national seismtwork installed in a large country
and using high-end technology and duplex, dige#&retry system. But again, despite the
network's size, the most modern equipment, andcémral-recording equipment for two
centers, the country only invested about 60 %fatal project funds in the equipment. The
other half of the money was spent on follow-up &&y, including a great deal of training and
two years of full-time engineer support providedtlhy equipment's manufacturer.

Site Services _Equipm.ent
preparation 20 (5.3%) field stations
116 (31%) 182 (48%)

1
{

site | /
selection— S ‘
4 (1.1%) quipment
center
56 (14%)

Cost per seismic station in $1.000

Fig. 8.22 Cost distribution of a very large national, highd technology, duplex-digital RF
and phone-line telemetry seismic network with twatcal-recording centers.

The funding distributions shown in Figs. 8.17 thlgb22 are approximate and for illustration
purpose only. Generally, the prices of seismic gapeint are somewhat lower today. Actual
conditions (including the type of network, the Iewé existing local technical knowledge,
local labor prices, and the type of seismic sigppration required) will change from country
to country, thus significantly influencing dispersi of the funds. Regardless, the main
message of these figures stays the same: one shougpend almost all the allocated funds
on equipment. Despite deviations and the differenseabsolute cost, these figures seem to
indicate that the percentages of the total costefimh task remain nearly the same from
network to network. As a rule, one should allocatdeast one third of the money for a
feasibility study, for establishing the proper wiok conditions, and for gaining the seismic
expertise necessary to exploit the purchased eguipm

8.8.1.3 Basic system engineering parameters

Once the goals are clear and the funds propedgatikd, one has to clarify the entire project's
interrelated seismological and technological aspestention should be paid to:

» the size and the layout of the proposed seismigarét(this should affect the choice of

the type of transmission links for transmissiorseismic data from the remote stations
to the center);
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» the seismicity level to be monitored - in other d®rthe amount of data one will deal
with (this should affect data transmission equiptmeeantral processing site's real-time
and offline capabilities, whether the system wied continuous or triggered data
recording capabilities, if and what type of triggdgorithm it will use, the type of data
archive system; this should also affect the partitig between weak-motion and
strong-motion equipment);

 how accurate and where one wants the network'sateetording site to be located
(this will affect the number of stations and théwak's layout);

 how wide a dynamic range and resolution are dedoedhe data acquired from the
network (this should influence the choice of tedbgg for data acquisition, as well as
the sensor type and data logger designs);

» the importance of the new system having alarm diped for civil defense purposes
and the desired alarm response time (this shodldeimce which data transmission
links will be chosen, as well as how much real-tpnecessing power will be needed at
the central-recording site);

« the amount of technical reliability one expectarirthe system (this should affect the
choice of data transmission links, how much haréwsystem redundancy one can
afford for mission critical applications, like awdloiplicating disk drives, tandem
computers, etc., as well as decision between ®ffiade’ and industrial-grade
computers).; and

e the desired robustness of the system in terms mdtifoning throughout damaging
earthquakes (this should influence the selectiodath transmission links, of power
backup utilities for the remote stations and thetreg-recording site, and last but not
least, of seismic vulnerability of the building theuses the central processing site).

After reasonably assessing these aspects and maklagision for each unique situation, one
can then create a rough system design and begictisgl equipment that best matches these
goals. Obviously, certain tradeoffs will need torbade.

8.8.1.4 Determining the layout of a physical seismic network

Determining a layout for one’s seismic network riegg two steps: 1) determining the total
number of stations required and their approximatations, and 2) determining the final
station locations.

Since the first stage closely relates to the godlshe network and available funds, the
purchaser of the network should delineate how nsaatyons he requires and can afford to set
up, and where approximately they should be located.

Since the second stage typically requires knowleafgseismometry, seismo-geology, data

transmission technology (if applicable), and setsequipment capabilities and limitations,
the customer may want to have it performed by thaufacturer of the network equipment.

40



8.8 Establishment and running a new physical seismic network |

8.8.1.5 Number of stationsin a physical seismic network

The number of seismic stations should be based®madals of the network, the size of the
network, and, of course, on the available fundifgr space reasons we will not go into
details on the minimum number of stations that #@ehnically required for a given
seismological goal, but following there is a starérview.

For determination of an event location (based camsplreadings), the theoretical minimum is
four independent measurements, such as three \Rdatimes and one S-arrival time.
However, remember that such results, due to thmieainty, usually have little value. For a
more accurate determination of location, six steti@cquiring good records of an event
should provide scientifically credible evidence ai event's location, and ten to fifteen
stations acquiring good quality records of an ewdrduld provide an acceptable basis for
more sophisticated studies of the earthquake'sceoproperties. Waveform analysis of
digital, high dynamic range, three-component resolehds to good results with fewer
stations. In principle, one three-component stat@m determine the magnitude, epicenter and
the origin time, however this requires a very velbwn model of the Earth.

Larger countries or regions will require a greatember of stations, unless, of course, their
interest is only in the strongest earthquakes. Nudé seismic researchers do not care much
about the total number of stations in a networkatounts is the number of stations in the
network that adequately record a given event (‘aafedy record’ means that they triggered
data acquisition and that the records have a hggtakto-noise ratio). For networks covering
a large region, large epicentral distances oftewemnt the triggering of distant stations, or the
earthquake signals get buried in the seismic ndikas the total information available for a
given event, unless it is a strong one, typicatignes from only a portion of the total network.

8.8.1.6 Laying out a new seismic network

Although the spatial distribution of the stationsai seismic network is very important for the
network's capabilities of event determination, tudimited space we will only give a few,
brief recommendations. For seismic arrays and tispecial location procedures and
performance see Chapter 9.

On a map, subdivide the region to be monitored angeries of reasonably irregular triangles
having approximately equal areas. Avoid very narrimng triangles. Avoid thinking in rigid
patterns, such as locating the stations into petfemngles, circles or straight lines, because
such rigidity may result in "blind spots" - that rgegions with poor event location
determination. The corners of these triangles laeapproximate points where one will try to
locate seismic stations. Take into account anytiegisseismic stations in neighboring
countries or regions as well. If there are noneshpsome of seismic stations as close as
possible to the borders of the region being moedor

The geometry of the network will determine the aacy of location in different directions,

and a reasonably regular grid will give most umifodocation accuracy. The worst
configuration is a network with stations that aigreed (see Fig. 8.23 as an example).
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Distance to 3 stations Distance to 3 stations and azimuth to S1

Fig. 8.23 Network geometry of aligned stations. The figtoethe left shows three stations
(S1, S2 and S3) almost aligned in the x-directieft ¢ right). The event has been located by
using the distances to the three stations, andhthded area in the middle gives an indication
of the area within which the epicenter can be fourtte figure to the right shows the same
situation except that an azimuth determination been made with three-component records
at station S1. This limits the y-direction withirhigh the epicenter can be located and thus
reduces the epicenter error.

It is advisable to have realistic expectations eoning the earthquake depth determination
based on phase readings. Previous studies (eamcibret al., 1978; Uhrhammer, 1980; and
McLaren and Frohlich, 1985) have shown that theuszy of focal depths for shocks
occurring in the vicinity of a seismic network igrparily a function of the geometry of the
network, the number of the P- and S-phase arrineds, and the adequacy of the assumed
velocity model. Depths are generally more accui@teearthquakes where the distance from
the epicenter to the closest station is less thancalculated focal depth for events located
within the network or on its periphery. The accyrat focal depths usually increases as the
number of picked S-phase arrivals increases; howsystematic S-phase timing errors (due
to mistaken identification of a converted phas&asr "bad" S picks can degrade the focal
depth estimation accuracy by several kilometersievieen the azimuthal coverage is good
(Gomberg et al., 1990). Estimate the depth of tn@lewest events for which good depth
control is desired then make sure that the avedsgfance between stations in the seismic
network does not exceed twice that depth. Therlasteadmittedly a tough requirement,
especially in the large regions and in the regishsre the events are typically shallow! Only
a few small countries and practically none of theyér countries can afford such a dense
network.

Yet, one can still temporarily afford to make tretwmork denser in places. Buy a few portable
seismic stations and then temporarily install thanany sub region of particular interest at
the time. For example, such temporary networks ragularly established to perform
aftershock studies in the epicentral region immetijaafter a strong event. At least for a
time, this will drastically increase the seismidwark's density in the region of interest,
allowing the determination of much better locatiodspths, and focal mechanisms. Such
studies can be done with low-cost portable instnimsince the main purpose is to get more
phase readings.
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Have realistic expectations also about the systearthquake epicenter determinations. For
events outside the seismic network, expect larggsin determining epicenters. Generally,
do not expect reliable determination of eventsesmlthe "seismic gap” (the largest of all
angles among the lines connecting a potential apcevith all the stations in the network
that recorded the event) is less than 180 degid®ss, to increase the accuracy of epicenter
determinations, especially for the events outsite geismic network, one needs to include
data in the analysis from seismic stations in nedgimg countries, as well as from any other
available national or international sources. Acggirthis wider database is usually necessary
for determining reliable event locations on thedmoror outside any seismic network. A
virtual seismic network would typically be ableaotomatically collect such data.

8.8.2 Site selection

The matter of seismic site selection is too oftet given sufficient depth of study and

attention in spite of the fact that a weak-motiaissic network can only have a high

detection threshold if the sites have satisfactwige levels, no matter how technologically
advanced and expensive equipment is. If seismigenali the sites is high, all or a part of the
benefits of modern equipment with large dynamicgeamare lost. If an excessive burst or
spike-type, man-made seismic noise is present, trigher thresholds and therefore poor
event detectability will result. If stations aréusited on soft ground, the VBB or even the BB
recording can be useless and SP signals may bpraseatative due to local ground effects.
If the network layout is inappropriate, some eviatiations of may be inaccurate or even
impossible. For good results, many factors at ites snust be taken into consideration. A
professional site selection procedure is theretwsential for success of any weak-motion
seismic network.

Generally, it is best to begin the process of sékection by choosing two to three times as
many potential sites as one actually plans to Tken each site is studied to see which sites
meet as many of the criteria as possible. Graduattg will eliminate the poorest sites and
get down to the number of sites required plus twdhoee. By comparing the results of
computer modeling of a few of the most likely netktayouts (see IS 7.4) one will be able to
make an informed decision about the best network.

Note that one should not rely too much on algorghadesigned to optimize seismic network
configuration (e.g., Kijko, 1977; Rabinovitz andeberg, 1990). This is because the
theoretical optimum configuration can hardly everrbalized nor their predicted theoretical
potential information gain be exploited under reahditions. Stations often can not be
installed at the recommended locations due to factach as inaccessibility, poor ground
conditions, proximity of strong noise sources, lagk required power, or unavailable
communication link.

On the other hand, these programs may be of hidpts®y the best of a few realistic network
configurations (e.g., Trnkoczy add.ci¢, 1992; Hardt and Scherbaum, 1994; Steinberg et al.
1995; Bartal et al., 2000). For an existing netydhey could help decide how best to
improve the network by adding new stations or whstdtions, if removed, would cause least
harm to the network. Keep in mind, however, tha test configuration for locating
earthquakes may not be optimal for source mechadesrminations, tomographic studies or
other tasks (Hardt and Scherbaum, 1994).
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Only the basic steps of the site selection proceduill be presented here. More detailed
information can be found in 7.1 and 7.2. The s#lecion procedure encompasses office and
field studies.

Off-site, "office" studies are relatively inexpevesiand are therefore the first to be performed.
From an office, one can study maps and contact lghorities to gather information about
potential sites. The first step is defining the graphical region of interest. The next step is to
gather and examine existing geological faults, ,setectonic features, and all available
information about seismicity in the area. If theimgoal of the new network is monitoring
general seismicity in an entire country, this stageof course, simpler. Then prepare a
simplified map of regional seismo-geologic condisashowing the quality of bedrock. The
rule is: the higher the acoustic impedance (acoustpedance is the product of the density
and the velocity) of the bedrock, the less themseisoise and the higher the maximum
possible gain of a seismic station. Next, study tiygographical aspects of the possible
locations. Moderately changing topography is desir€o study man-made and natural
seismic noise sources in the region, one shoultbatearoad traffic, railway traffic, heavy
industry, mining and quarry activities, agricultudgvelopment of the region, and any other
sources of man-made seismic noise around the peaitsries, along with the natural sources
like oceans and lakes, rivers, waterfalls, animels, (see IS 7.3). Much of the information
we need can be found on maps or obtained by askiestions of local authorities.

If the new network is a radio frequency (RF) telemsystem, one has to correlate RF data
transmission requirements with seismological rexugnts. Topographic profiling of RF
paths based on topographical maps is performedn&kesection "VHF, UHF and SS radio-
link data transmission study" explains why thisighly recommended. If one plans the use
of phone lines for data transmission, their avditgtand the length of new phone lines need
to be checked. If one plans to use main powerattaélability of main power lines and the
distances to which new lines would have to be lawst be checked. The alternative is
batteries, preferably charged by solar panels.

It is also very important to research land owngxrsanimal habitats, and future land use plans
for the potential sites. It makes no sense to uaklerextensive studies if one will be unable to
use certain sites because of property ownershigssendangered or protected animal species
issues, or if it appears that future developmerit miake the site unsuitable for seismic
stations.

The climate at the sites also influences site sele@and preparation. Temperatures, wind,
precipitation, insulation data (for solar-panel goed stations), lightning threat, etc. may all
influence site selection.

Once one has gathered all this information, itksly that half or more of initially proposed
sites will be eliminated for one reason or another.

Field studies are the next step in the site selegirocess. Expect to make several visits to
each site. A seismologist familiar with seismicsgmeasurements, a seismo-geologist, and a
communications expert (if we are considering anteliey network) should all visit each site.
They should verify the ease of access to the sdarch for local man-made seismic noise
sources, which may not be apparent from maps, erégismic noise measurements, study
the local seismo-geological conditions at the siteestigate the local RF data transmission
conditions (if applicable), and on site verify povaad phone line availability.
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Local geology should be studied to determine itsglexity and variations as well as seismic

coupling between local seismic noise sources ardptitential station site. To the extent

possible, uniform local geology is preferred forse@c stations. The degree of weathering
that local rocks have undergone is another impbn@mameter, although it can give an

unreliable estimate of the required depth of thensie vault. The ideal approach for high-

quality site selection is to make a shallow proéiteeach potential site to make sure the vault
will reach hard bedrock. If this is too costly, thexpect surprises when you begin digging
seismic vaults. Many times it is a matter of almpste chance what one might run into.

Note that in some areas it will not be possiblestich bedrock.

After all these studies one ends up with two oee¢hpotential sets of the best suitable seismic
stations. The resulting network layouts are thewlist for the best network performance by
computer modeling. By comparing the results, orlelwe able to make an informed decision
about the final seismic network layout.

8.8.3 VHF, UHF and SSradio-link data transmission study
8.8.3.1 Theneed for a professional RF network design

The most frequent technical problems with radiafiency (RF) telemetry seismic networks
originate with inadequately designed data transomsinks. Therefore we are discussing this
topic separately. For more detailed description7/s@e

The design of RF telemetry links in a seismic nekwis a specialized technical matter,
therefore guessing and "common sense" approachefiyjusause problems or even complete
project failure. There are quite a few common migrstandings and oversimplifications.
The amount of data that must be transmitted anddégree of reliability required for
successful transmission of seismological dataraeguently underestimated. The significance
of "open line of sight" between transmitters andereers as a required and sufficient
condition for reliable RF links is misunderstoodeduently, over-simplified methods of link
verification are practiced. However, the real issirethe RF link design and link reliability
calculations are: the frequency of operation, Feksflipsoid obstructions by topographic
obstacles, the curvature of the Earth, the gradératir reflectivity in the region, expected
fading, potential-wave diffraction and/or reflect® time dispersions of the RF carrier with
digital links, degradation of signal strength dwe weather effects, etc. All these are
specialized technical issues.

To prevent failures, a professional RF survey emnping a new seismic network is strongly
recommended. It includes the calculation of RF dinkased on topographical data and
occasional field measurements. A layout design dase a professional RF survey can
significantly increase robustness of the radio oetw The survey will:

* determine the minimum number of required links &fél repeaters in the network.
Note that, in most designs, every RF repeater degraata quality to some extent,
(particularly for analog transmission), and obvigusacreases the probability of link-
down time and the price of the system;

* determine the minimum number of licensed frequen@eguired;
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* determine the optimal distribution of RF frequesciever the network, which
minimizes the probability of RF interference probke

* resultin a less polluted RF space in the country;

* determine the minimum antennae sizes and masttseigisulting in potential savings
on antenna and antenna-mast cost.

The cost of a professional RF survey representergiyn a few percent of the total
investment. We believe that the combined benefitero RF survey are well worth the
investment, and are a major step toward the reliaperation of the seismic network.

8.8.3.2 Problemswith RF interference

Radio frequency interference caused by other userdHF or UHF RF space in many,
particularly developing countries, is quite a conmnamd difficult problem. There are several
reasons for that. In some countries, there is &oifuand a lack of discipline in matters of RF
space: army, police, security authorities, andl @uthorities may all operate under different
(or no) rules and cause unforeseen interferencethier countries, poor maintenance of high-
power communication equipment results in stronggystadiation from the side lobes of
powerful transmitters. This radiation can integfavith seismological radio links. Extensive,
unauthorized use of walkie-talkies can also becthese of problems.

The best, and more or less the only solution mvadk closely with local RF experts during
the design phase of a seismic network. They aretipadly the only source of information
about true RF space conditions in a country. Naaé¢ RF interference problems are generally
beyond control of seismic system manufacturers sgidmological community. All RF
equipment, no matter who manufactures it, are desigo be used in an RF space where
everybody strictly obeys the rules.

Interference problems can be solved, or at leatsgated, only by employing local experts on
the seismic network buyer's team while designingeavork. One also has to, as much as
possible, avoid other high-power RF space useesI&&.2).

8.8.3.3 Organization of RF data transmission network design

An RF layout design is always an integral part oseasmic site selection procedure.
Theoretically the seismic system purchaser caroparit if he has adequate knowledge in
this field. However, practice shows that this iseha the case. Even if the RF survey is
purchased from an independent company or fromsaseiequipment manufacturer as a part
of the services, the process still requires involgat of the seismic system buyer. For
efficient office and fieldwork, the customer hasptepare beforehand an approximate initial
seismic network layout, road and topographic mapsl climatic data. He has to make
available knowledgeable staff members and wellrimfed local people acquainted with local
conditions at the sites, who will join the siteesgion and RF survey field team. He should
also assure efficient logistics during the fieldiwor

A detailed list of what to prepare is given in tBe7.1.
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8.8.4 Purchasing a physical seismic system
8.8.4.1 Thebidding process

While sending out a Request for Proposal and askingids on a new seismic system may
be a good way to get started, there are a numbenmdrtant issues one must be aware of
when requesting bids or proposals. First, certaohrical requirements and business
standards must be met in order to be able to camizgples to apples” when it is time to
analyze the system proposals received. Secondgdar to find the most suitable system, one
needs to invest a fair amount of additional timeasearch and investigation before sending
out the bid specifications. Namely, some very inigoatr issues may be hard to define in the
Request for Proposal. The proposals can easily giveear information regarding the
following crucial issues:

* actual reliability of the equipment;
» actual user friendliness of the system;

e availability of long-term support by the manufaetuincluding true availability of
spare parts in the next years;

» financial stability of the manufacturer.

In the Request for Proposal, one should not faimstate clearly the goals of the new seismic
network and to rate their relative importance. B@n what one wants to accomplish with
the new system is not clearly described and thésgar@ not prioritized, resulting in vague
instructions to manufacturers and hence, poteptiidlappointed customers.

In the Request for Proposal one should includesdivant basic technical information, so that
the manufacturer can put together the correspondéutpnical solution. However, we

recommend that the Request for Proposal does notaioo an over-detailed technical

description of the desired system (unless one dyrelecided who should win the bidding
process, which is illegal, but not so uncommonaciee). With too many technical detalils,
one can end up limiting one’s choices and evenudilsiying the most suitable system just
because a relatively unimportant technical detail wot be fulfilled.

We strongly recommend not pushing manufacturersdésign a new system or add
functionality to an existing system specificallyr fgour needs. In spite of the fact that the
majority of seismic equipment manufacturers arelivgl to design such 'custom made’
systems, one should know that there is usuallygh price for this commodity. Such systems
will often be expensive, and as a 'prototype’, obsty less tested than ‘standard products’
and more difficult to support in the long run.

Avoid buying brand new systems in the market unkgss are really assured of excellent
support from the manufacturer. Brand new systeetpuiently have more problems than older
more tested systems. Their use will require a héeyel of knowledge and a really good
working relationship with the manufacturer whildvsiog these problems.

Some countries are required by law to accept tiveso bid. Unfortunately, crucial qualities
like services, equipment reliability, user friemdlss of the system, amount of factory testing,
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setup and long-term support might be easily loshié bases the choice solely on the lowest
price for all of the stated (but practically neveally sufficient) requirements of the bid. In a
legitimate desire to keep the price as low as ptessmanufacturers will most probably cut
difficult ‘to measure’ qualities, particularly sheand long-term support, and services. This is
a dangerous situation, particularly for less exgered customers. One way of avoiding this
danger is spelling out explicitly all services reqd in the Request for Proposal. This is the
place to be exact; specify services and suppo€, tiyyeir goal, technical level expected, place
and duration, parts and labor warranties; pricitngcsure after warranties expire, timeliness
requirements, etc.

Manufactures of seismic equipment often offer akay system whereby they will purchase
all of the necessary components not made by thdmay Will include their administrative
labor costs for acquiring these components. Daasstime that they will be able to purchase
every item at prices lower than you will be able tederal, state, and local governments and
universities (typical operators of seismic netwdrgien have secured special pricing from
vendors that can be substantially cheaper than wkigmic equipment manufactures can
obtain.

8.8.4.2 Selecting a vendor

When evaluating the proposals, one should assessnty the technical qualities of the

system, but also the quality of every manufactnat is their reputation? How long have
they been in the seismological equipment busin€dsously, ask for references from users
of the same or similar systems and learn about Wweilvthe company served them. As you
get close to decision-making time, make a perswoisal to the manufacturers whose offers
you are considering seriously; meet their employebstour their facilities. A company that
serves you well before you have bought their proggimore likely to continue to serve you
well after you will have bought and paid for thpnoduct. Often, manufacturers will pay at
least some of the expenses for new potential glienvisit their facilities and meet their staff.

Carefully select the people who will participatetiese visits. In addition to a member fully
responsible in financial issues, one member otté¢hen should be the individual responsible
for future operation of the network. Other membefsthe team should be those most
knowledgeable and experienced in seismology, neemahat their position in the hierarchy
or which institution they belong to.

Also take into consideration the size of the conypdrhe relatively small ones may simply
not have the "manpower" for long-term customer suppf big projects, no matter how
sincerely they want to support you. They may martufg good, technically advanced
equipment, but their ability to support large na#b projects, their longevity, and their
system-testing capacities may cause problems later.

Generally, one would not expect the best resuldsnflrompanies that merely assemble
systems but are not experts themselves in seismo@g one hand, the assembler of the
system may be incapable of providing seismologsteel technical support and, on the other
hand, the actual manufacturer of the seismic egammay not be willing to spend much

time supporting a group that did not purchase thépenent directly. Experience shows that
such projects rarely result in a happy end.
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Ask for visits with manufacturer's sales or systemgineers. Data sheets themselves seldom
give enough technical information about a seisnggtesn. Sales and system engineers can
provide all the details of a particular technicalusion. Such visits, however, are less
appropriate during the early stage of the projdotnvone’s goals are not yet specifically set.
It is understandable that sales representativelsbailbiased toward the equipment of the
manufacturer they represent.

8.8.4.3 Equipment selection

As already mentioned, data sheets of seismic e@npralone seldom provide enough
information. In addition, it is not easy to compdine data sheets of various manufacturers
because each one, to some extent, uses a diffeystém of specifications, measurement
units, and definitions of technical parameters. Example, there are at least ten different
ways of expressing intrinsic noise and dynamic eaoigseismic sensors or data. All of these
factors must be well understood for a fair and eateu comparison. This can be best
accomplished through in depth contact with the nfecturers and with the help of additional
written information. Be sure to ask for all possilshformation about the system, including
copies of the user Manuals (the customer can exathenquality of technical documentation
provided with the system, which is also an impdrtalement) and the published results of
independent testing.

Ideally, we recommend buying one piece of key emeipt such as a sensor, a data logger,
processing software with demo data or an RF lirkktasting the product yourself. In the case
of large projects with adequate financing, manuifiast will often loan equipment for testing
purposes free of change. While it is ideal to gehe firsthand experience before settling on
which new system to purchase, this approach regjpersonnel who are knowledgeable
about seismology and instrumentation. Be cautidngibassembling products from different
manufacturers in one system. It is not a simpleawy task to interface different products in
terms of the dynamic range, the signal to noise rdte full-scale ranges, the baud rates, the
processing power and the power supply sources. @8itayone manufacturer if possible, or,
when that is not feasible, arrange to have one faatwer be explicitly, contractually
responsible for interface problems and the funatigrof the system as a whole. Understand
also that the time spent solving equipment-inténagroblems unique to a given customer
also has its price.

Each technical system, or element in it, propeggrates within a certain set of parameters,
or "range". One should be familiar with these ranged know where, within this range, the
system will actually operate. If one or more ofnedmts of the system are to operate at the
extreme end of their operation range on a reguaish most probably a different element or
system should be selected. Note that there is ahaagrice to pay for operating equipment
under extremes. The results will often be disappognf, for example, one plans on using the
maximum possible number of channels in a FM radkgiiency link, or would like to acquire
data with the maximum possible number of channels iseismic system, or exploit the
maximum number of channels in seismic data anabdisvare, or operate the hardware at
extreme temperatures, etc. In such cases it is tfgtter to find another system or system
element, whose midrange parameters can accommog@te needs. It is always best to have
a safety margin in your system and do not expeict dperate continuously, efficiently, and
reliably in extreme ranges.
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8.8.4.4 The saeismic equipment market issmall

The global market for seismic systems and equipreeniaturally quite limited. With very
few exceptions, instruments are produced in smatilvers. Inevitably, this sets a limit to the
quantity and thoroughness of testing of the nevelyetbped equipment. This is not a result of
a lack of quality or commitment on the part of mi@aturers in this field, but a simple,
economic reality. Compared to industries with aldewader and more powerful economic
base, like computer and electronic companies, seisgquipment moves into the field with
relatively little testing, even by the most repiéamanufacturers. In general, the equipment
arrives with a higher than average number of bugstachnical imperfections that will need
to be solved by the manufacturer and the user wgriki tandem.

The majority of seismic network manufactures hastatively little experience in seismic
signal processing and as a general rule, do na adequate software. It simply does not pay
to develop this kind of software. On the other hatigere are public domain software
packages available, which can solve these tasks these are often offered by the
manufactures. However, very little training is offé and a new network operator may end up
with an expensive network but very primitive pragiag tools. Therefore, obtaining adequate
processing software and training is an importamnt i@tegral part of the planning of a new
network. Unfortunately this is often not the case ¢he value of the network can be greatly
reduced.

Currently, most seismic equipment and technicaludwntation is less user-friendly and
complete than desired. Customers are rarely givempecehensive and easy-tofollow
instructions on how to setup and use the systenputdble manufacturers of seismic
equipment compensate for this situation with corteditand effective customer support
services.

Due to the fact that, in many developing countribgre is often a lack of knowledgeable
experts who can cope with the technical problemghgynselves, it is truly necessary to
maintain a long term working relationship with theovider of the seismic system. The
manufacturer's support and a reliable, knowledgeabd friendly relationship thereafter is
one of the most important and crucial issues focass of a seismic project in a country with
little or no experience in seismometry.

8.8.5 System installation
8.8.5.1 Four ways of physical seismic system installation
Generally we can define four methods for the ifatiain of a new seismic system.

1) The user installs the new system. Only ‘boxes’ pwechased. In this option, the
customer is responsible for the proper functiorohghe system as a whole and the
manufacturer remains responsible for proper funatg of the elements, unless
they are improperly used or installed. This apphnogizes the user great flexibility,
but also the main responsibility. It is only an ioptif qualified staff can be
appointed to this task and/or if local or interoatil organizations can participate.
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2) The manufacturer demonstrates installation on aysibm (a few stations, a sub-
network). The user installs the rest. In this céise manufacturer and the user, share
responsibility for the system functioning. This eggch is often successful.
However, the customer must have a certain amourgxpérience with seismic,
computer, and communication equipment for this wetio work.

3) The manufacturer installs the whole system withulh &ssistance from local
technical and seismological staff that will be @sgmble for running, maintaining,
and servicing the network in the future. Respoltigibior making sure the system
functions lies with the manufacturer. The main biémé this approach for the users
is that they learn enormous amount during the handsistallation and associated
problem solving time. This is actually the mostieént method of training. The
user should not expect savings and potential shogeof the installation time but
rather some additional time and effort will be regd from manufacturer. In our
experience, this is the best way of installing @ree& network in a country where
little or no experience with seismic equipment exis

4) The manufacturer has the complete responsibilitynfgtalling a turnkey system and
making sure it functions adequately without anyistaace from the customer. In
this case, the network will no doubt be succesgfuilstalled, but local staff
members will not learn about its operation nor htawsolve potential future
problems. This approach is adequate only for thent@s with a high level of
seismological and technical knowledge.

Two technical details relating to system instatlatshould also be mentioned here.

In the case that the system buyer will install gligtem or its parts, do not select the 'standard
length' cables sometimes offered by seismic systenufacturers. The 'standard’ cables
rarely work well in the field. They are, accorditagMurphy's laws, always too short or too
long. Do not loop or coil extra cable length beeatsat will increase the threat of lightning
damage, unnecessarily increase system noise, atfteiend, you will be paying for the
“extra” cable. Rather, ask for bulk cables with @a=pe connectors or cables of a reasonable
length margin and one-side mounted connectors @nlying installation in the field they can
then be cut to precisely the desired length. Nob&ever, that reliable, high quality soldering
of connectors requires experience. Inexperieneelhicians have little chance of performing
the job correctly and poorly installed connectors among the most frequent causes of
problems at a seismic station.

Note also that, in case of purchased installatilo®,seismic station sites must be completely
prepared before the manufacturer arrives to ingtalkystem. All construction works must be
finished, logistics organized, and access permiepared (if applicable). Time and time
again, manufacturers are faced with unprepared siteen arriving for the installation. A
significant loss of time results and often forcesthbparties to accept undesirable "last
minute" technical improvisations and compromisesmduinstallation. This generally leads to
less reliable functioning of the system. Note thatvices are usually paid by time, so an
efficient use of this time is to customer's direenefit.
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8.8.5.2 Organization of civil engineering works

Whatever construction work is needed to preparesities, it is usually arranged and paid for
by the customer of the new network rather thanntla@ufacturer of the seismic equipment.
Very large national projects may be an exceptiothi® rule. Site construction will require a
great deal of preparation and involvement by tlstesy buyer. There are generally a number
of good design alternatives from which to chooseé ae suggest hiring a local civil
engineering contractor to design the best solufiema particular system and specific
circumstances in the country. A seismo-geologist arcivil engineer should supervise the
construction work. Their main responsibility is @$sg that the enclosure is watertight and
that the sensors have a good contact with solidookd The system's manufacturer can
usually provide sketches and suggestions for tbegoiure and may also supervise the work,
but usually does not provide true structural engiimg drawings for seismic shelters.
Working in tandem with a local civil engineer isualy a better choice because the engineer
will be familiar with all local circumstances thate unknown to the manufacturer of the
seismic equipment. Local builders know best whatemals and construction methods are
available and workable in a particular country. Bat "over-engineer" the project; it is
usually not necessary to have a big civil engimgefirm design every detail, oversee all
seismic site preparation, and then build the site.

8.8.6 Runninga physical seismic network
8.8.6.1 Tuning of physical seismic networks

Before a seismic network can function with its ftdlpacity, it must be tuned to local seismo-
geological and system conditions. Tuning is espligcimnportant for networks that run in

triggered mode. Unfortunately, many operators ast aware of the importance of fine-
tuning.

The local and regional Earth's structure, the seisretwork dimensions and layout, regional
seismicity , seismic noise levels and spectraaiiost sites, seismic signal attenuation in the
region, all play a role in these adjustments. Onlenot be able to correctly tune the system's
recording and processing parameters until one tgsired sufficient experience with natural

and man-made seismic noise and earthquake signhalkthe sites in the network and until

one fully understands the parameters that have tored. Therefore, tuning a network takes
normally months of systematic work. Because ofltrmgy time required to accomplish this

task, the system’s manufacturer simply can not.donly the network operator can correctly
tune the network. Moreover, since seismic noisalitmms at the sites may change with time,
new stations may be added, the goals of the netwwal change, etc., re-tuning of the

network will probably be required from time to time reality, tuning a seismic network is an

ongoing task, which can not be done ‘once andlfor a

Actual tuning procedures are manifold. We will jestumerate the most common hardware
and real-time processing parameters that need tjusted in a physical seismic network.
They are:

e seismic gain at individual stations;

» signal conditioning filter parameters;
» pre-trigger, band-pass filter parameters;
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» trigger algorithm parameters, which usually include
- trigger threshold values;
- detrigger threshold values;
- trigger time windows' duration and other paramsete
- weights of individual stations in coincident gy algorithm;
- grouping of stations into sub-regions for a caieace-trigger algorithm;
* pre-event time duration;
e post-event time duration;
e minimum runtime and maximum runtime duration; and
» adjustment of the length of the propagation window.

Detailed discussion of individual parameters isdmelythe scope of this text. Note that not all
enumerated parameters exist in every seismic nktaod that some adjustments may be
missing from this list. A thorough description apdrameter adjustment procedure for the
short-time-average/long-time-average (STA/LTA) seestrigger algorithm is given in the
annexed IS 8.1 on “Understanding and parametengeatf STA/LTA trigger algorithms”.
Further guidelines for other network tuning proaedumay be added later as complementary
Information Sheets.

The following are some of the offline seismic as@aysoftware issues that must be studied
and prepared for efficient routine observatory wakd parameters that have to be adjusted
for correct analysis of seismic records:

» files containing information about data acquisitipmrameters (data acquisition
configuration file(s));

» files containing data about geometrical configumatiof seismic stations (network
configuration file(s));

e parameter files containing sensor calibration data;

e Earth model parameters of event location prograrfiésler thickness, seismic-wave
velocity, seismic station weights, epicentral disg weighing function, and similar
parameters depending on the program used);

e automatic phase-picker parameters;

* magnitude scale parameters;

» preparation of different macros and forms for noetieveryday analysis of seismic
signals.

Some parameters, e.g., for the Earth model, aen dftsufficiently known at the time of
network installation and require long term seismgalal research work, which results in
gradual refinement of the model and increasingtieb@vent locations.

No manufacturer can optimally pre-adjust all theaemeters to the specific local conditions.
Seismic networks usually come with a set of defaalties for all these parameters (factory
pre-selected values based on ‘'world averages'selt@ues may work sufficiently well for
the beginning of network operations, however, optimseismic network performances
requires reconsidering most of them.
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8.8.6.2 Organizing routine operation tasks

Keeping one’s network failure-free and in perfeatrking order while waiting to record
earthquakes year after year requires hard and medpe work and a lot of discipline. Well-
defined personal responsibility with respect teeraity network operation parameters and
strict obedience to the established procedures a&baolute must.

This goal is generally not simple to achieve. Sesohservatory staff will have to operate in
a highly professional and reliable manner with:

» clearly defined personal responsibility for eaclsktaassociated with the routine
operation of the network and for other everydayhaimsand archiving activities;

* regular maintenance of hardware and software;

* continuous verification of all tasks and hardwaperations;

* maintenance of precise records of all relevantviiets that effects data parameters,
availability, continuity, and quality, such as chas to network operational parameters,
processing procedures, data archiving, equipmeinttem@ance and repair.

Regular processing of seismic data requires thaetails of how data is processed and stored
is well planned and that personnel are adequataiyed.

Network recording parameters should be changed tnillgere is an important and well
thought through reason. Because any change toettmding parameters will affect the
network's ability to detect earthquakes, these gbsushould be avoided as much as possible.
From the point of view of monitoring seismicityeily, there should be no changes for years
after the network is fully adjusted. Nevertheledmse changes that are inevitably required
from time to time should be kept to a minimum aadetully documented and archived.

Careful and continuous documentation of network-afen parameters in a logbook, log file,
or in the seismic database itself, is essentials Tirstorical information should contain all
information about data acquisition parameters drar tchanges, a documentation of all
station calibrations, a precise record of eachiostat downtime, descriptions of technical
problems and solutions, and descriptions of maarea and service work. The exact times of
parameter changes must be thoroughly recorded. flinis-dependent information must
become an integral part of the seismic data arche@use without it the data can not be
properly interpreted.

Usually a seismic network team is divided into sre®logical and a technical group. This is
fine as it relates to every day network operatiotivdies and responsibilities. However, as
much as possible, the basic technical as well ag Iseismological knowledge should be
‘evenly’ distributed among the members of both gourhis favorably influences the general
quality of the work of a seismic observatory. Is@lhelps very much in many of critical

situations, such as following a severe, unexpetéetinical problem, following a large

earthquake, during the rapid deployment of portatldéions following a main shock, or when
any other situation dramatically increases the arhotiwork for a limited period of time.

The technical group must accept that no matter hmwdern and sophisticated the seismic

network is that they operate; their customers dre seismologists. Therefore the
seismologists must define the goals of seismic oetwperation and its working parameters.
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Frequently personal frictions may appear if thisues is not clearly defined by the
management.

Many seismological observatories in high seisns& regions must have people on duty at
the central-recording site 24 hours per day. Théy ime a more or less explicit government
requirement in order to be able to quickly notifybpc and civil defense authorities in the
case of a strong, potentially damaging earthquidkematter how understandable such desire
may be, however, this working regime is really fel@sonly in a very large seismological
institution. Only they have enough seismologistpatde of quickly and competently
interpreting seismic data. Even a fully-automatedt@l recording and processing facility
requires verification and confirmation of automalig determined earthquake parameters by
trained personnel. The interpretation of automdyicdetermined earthquake parameters in
terms of the expected intensities in a given regond the probability of potential fatalities
and damage is still a matter of experience andtyet a matter of automatic calculations.

In practice, the around-the-clock human presendbeabbservatory is often achieved using
all of the available, but mostly untrained, perseinm order to formally fulfill higher
authorities’ requirements. Of course, the actuddevaf such a 'solution' is questionable. If the
alarms are of primary importance for a new netwarke should consider a system of
electronic pagers that will automatically alarm thstitution’s seismologists in the event of a
strong earthquake. The seismologist will then rteeloe able to access the database remotely
unless he/she is living very close to the obseryatdrhis is the system used at the USGS
National Earthquake Information Center.

8.8.6.3 System maintenance

Maintaining a seismic network's hardware and safvisa continuous activity that inevitably
requires well-trained personnel. Nowadays, mangl wperational parameters and equipment
health at seismic stations can be remotely mordtémg modern, high-end seismic systems
with duplex data transmission links. Such paransedee for example: backup battery voltage,
presence of charging voltage, potential softwaid @mmunication problems, absolute time
keeping, remote station vault and/or equipment tatpre, potential water intrusion, etc.
These utilities significantly reduce the need fefd service work and therefore lower the cost
of network operation. However, regular visits te #tations are still necessary, though far less
frequently than in the past. Once per year seemsianum.

Note that it is a mistake to simply put off visd$ remote seismic stations until something
goes wrong. Periodic visual checks of cables angpetwent, of potential corrosion problems
on equipment and grounding and lightning systend faom intrusion of water and small
animals are important. Batteries, burned lightrpngtection elements, and desiccant must be
changes regularly, and cleaning the vaults andr qumels will also help to eliminate
technical problems before they occur.

When something does go wrong, the technical staf$tnbe certain that they can respond
immediately with the right personnel, action, apare parts. One should always maintain a
good stockpile of the most common spare parts awe fa well-trained technician with a

pager on duty around the clock. Having technicas@enel, in addition to seismologists, on

call 24 hours a day for potential action is a ggodctice in the observatory seismology
business.
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However, operators of large networks may not hleentanpower or budget resources to visit
all of their stations annually. The major differeacin maintenance procedures for small
networks versus large regional or national netwaies response time to site outages, site
sensor-calibrations, and preventive maintenance) (@sits. A large, dense seismic network
lessens the need for 100% uptime for all sites;nteaance visits for site outages can be
scheduled with PM visits in an area, something ¢hammall, local network of 10 to 20 sites
can not afford. This eliminates the need for imratltechnician response and a 'beeper’ for
field repairs. For example: The U.S. Geological v@yis Northern California Seismic
Network (NCSN), a large, dense regional network2(d8balog and 93 digital stations), visits
their telephone telemetered sites every 20 montkdssalar-powered sites every 4 years for
site electronic equipment exchanges. These maimtenatervals are possible due to the
robustness and reliability of their electronic aifngl/telemetry packages and associated
equipments.

Be aware that batteries require special attentibrihe lightning damages are the most
frequent source of technical failures during normpération conditions of a network, then

battery failures will be the number one reasonféures during main power failures and

unusually high-periods of seismicity. It should heted that the output voltage alone of a
battery provides little information about its ouérhealth and capacity. Many types of

batteries may still have adequate output voltagkevat the same time their charge capacity is
reduced to a small fraction of its original stréngBatteries in this condition will not do the

job in case of a long-duration power failure, aymecur after a damaging earthquake.

Ideally, all of the batteries in the seismic systemould be laboratory tested once a year for
their remaining charge capacity. The batteries kshba fully discharged, then fully charged,
and again discharged in a controlled manner and tilve charge capacity determined. Once
the measured charge capacity is less than 60% -0f @&&ir nominal capacity, they should be
replaced with new ones. Relying solely on measunésnaf battery voltage will certainly lead
to technical failures in the long run. The most artpant moment in the lifetime of the seismic
network may happen only once a decade or less. d@rtainly does not want to miss it
because of old batteries with insufficient chargpacity!

However, large networks may again not be ablelioritory test each battery once per year.
The NCSN exchanges batteries using an operatiomalow system for battery life (based
upon the quality and the replacement cost of thiehes used, and their long-term experience
with battery lifetimes) rather than with annualtiteg and rejuvenation. Their operational
window for solar-panel batteries is 4 years (Tomd@tte, personal communication, 2002).

Non-chargeable batteries, particularly the lithiuppe, should be replaced regularly, in
accordance with the manufacturer’s instructiongjardless of their output voltage at the
moment of lifetime expiration.

8.8.6.4 Sensor calibration

Seismological observatories should calibrate allttd sensors in their seismic system
regularly - ideally, once a year. Strictly speakingly the seismic signals recorded between
two successive sensor calibrations that show noifgignt change in the sensor frequency
response function are completely reliable. Serssa sensor calibration issues are also
different for a dense network equipped with modsnsors. Modern sensors are very robust,

56



8.8 Establishment and running a new physical seismic network |

and many broadband sensors have automatic selidgyveself-correcting features that
eliminate the need for annual calibrations. In &ddj site electronics can be installed to
provide regular, telemetered sensor tests for resp@nd operation. These features, along
with a dense network sensor configuration allowdensors to be replaced and recalibrated
on a regular schedule. For NCSN, the short-pereatsars are replaced at 10-year intervals,
unless a sensor fails beforehand. NCSN short-pesites have built-in calibrators that
perform daily mass releases to test sensor operatid response (Tom Burdette, personal
communication, 2002).

Seismic sensor calibration requires knowledge dfi@n is not available locally. In digital
seismology, the sensor transfer function representan the 's' or 'z' plane is most commonly
used. Both issues are discussed in detail in Chgpded the annexed Exercises and Program
Descriptions. A comprehensive description of bagcalso given in Scherbaum (1996 and
2001). A description of a popular seismometer catibn program UNICAL is given in
PleSinger et al. (1995).

8.8.6.5 Archiving seismic data

After several decades, or even years, of opegrairseismic network, the scientific and
financial value of the recorded data is extreméiynhTherefore, full attention must be paid to
data archiving and a failsafe backup of the da&srBology is a typical non-experimental
science and lost or corrupted seismic data canrrmvesgenerated. It is therefore an absolute
must to provide a complete and reliable backupieechlhe backups should be kept in a
different physical location, no matter whether treg on paper, tape, disk, CD or other
memory medium. Whenever possible, one copy (orotiginals) should be stored in fire-
resistant cabinets or safes. It is important tte ribat microfiche, film, and computer media
require more protection than paper records. Peagsords can withstand temperatures to
177C (350F), but computer media is damaged beyond use bpedrtures above 52
(125°F) and 80% humidity.

When one first sets up a seismic network, one neetteink thoroughly about organizing the
data that is recorded in light of the fact thatreéually the network will have many, many
years of accumulated records. Often, this crucsgpleat of seismic system organization is
overlooked or left to on-the-spot decisions by wiareis in charge of the initial network
operation. This may work fine for a while, but euelly everybody will run into serious
problems if the archiving system chosen is inappab@. It is necessary to carefully think
through the archiving organization at the outset tarkeep the long-term future in mind.

In a small, weak-motion network in a region of l@@ismicity that generates only a small
number of records each year, or in a small or nredize strong motion network, one can
probably get by with a directory tree organizationthe data archive. Nevertheless, filename
coding of events must be thoroughly thought outatmid confusion and/or file name

duplications. File names also should reflect catgpldate and time of each event. This
doesn't present any problems for operating sysgmb as UNIX, Windows XP, Windows

98, Windows 2000, or NT. Larger networks in modetat high seismicity regions require a
better-organized, true- relational database fohiamg purposes. One should carefully
consider the various options used by other seisgmtdbobservatories and those available on
the market before the network starts recording.dites very painful to change the data
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coding or archiving method after several years etimork operation, once thousands upon
thousands of records are already stored.

Very powerful professional databases may not bentbst suitable choice for seismology,
primarily due to their high initial and annual mi@nance cost, and secondly, due to too many
expensive build-in utilities which will never beagsin seismology. Special databases which
have been developed by the seismological commufaty the needs of seismology,
thoroughly tested in several existing applicaticaars] accepted by many, seem to be the best
choice at the moment. Unfortunately, only commérgimoducts guarantee database
maintenance and long-term support.

Always keep the raw, unprocessed seismic data éraemt files, or sequences of continuous
data) in the archive along with the full documeiotatabout the recording conditions (data
acquisition parameters and accompanying informatiétrocessing and seismic analysis
methods will change and evolve as time passes.rd-generations will appreciate having
unprocessed seismic data available to further thegarch and knowledge.

8.8.6.6 Dissemination of seismic data

International cooperation in the dissemination @itsic data is another prerequisite for the
high-quality operation of any new seismic netwdBkoad-minded data sharing is the best
way for a less experienced institution to get femttbabout the quality of its own work and is
also a widely accepted international obligationteDBbrmats for parameter and waveform
data exchange are dealt with in Chapter 10.

Everyone can greatly improve their own work by absey and comparing their phase

readings, event locations, magnitude determinatants source mechanism results with the
results of others published in national or inteioral seismological bulletins. Any seismic

study should also include as much seismic inforomats possible from the neighboring
regions and countries. Not only one’'s own data, dsb all available pertinent data from

others should be used in seismic research worlsebigating one’s own data will, in turn,

facilitate easy and fast accessibility of data frothers. It's very important to establish a
generous data sharing relationship with other saisgncal institutions.

The U.S. Geological Survey National Earthquake rimfation Center Http://neic.usgs.ggv
compiles data contributed from networks locateduadothe globe in order to determine, as
rapidly and as accurately as possible, the locaimhsize of all destructive earthquakes that
occur worldwide. This information is disseminatedmediately to concerned national and
international agencies, scientists, and the gemeralic. The NEIC collects and provides to
scientists and to the public an extensive seismialthse that serves as a solid foundation for
scientific research, principally through the opemratof modern digital national and global
seismograph networks and through cooperative iatienmal agreements.

Data from the NEIC is transferred to the Internagio Seismological Centre (ISC)
(http://www.isc.ac.uk/ for final bulletin creation about two years behireal time. The
International Seismological Centre is a non-govesnital organization charged with the final
collection, analysis and publication of standardthepiake information from all over the
world. Earthquake readings are received from alB@Q0 seismograph stations representing
every part of the globe. The Center's main tasé re-determine earthquake locations making
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use of all available information, and to searchrfew earthquakes, previously unidentified by
individual agencies.

Besides these global data centers there are mamnalaor regional centers that maintain
web sites through which one can get direct or lihlan-line access to seismological
waveform data acquired by globally (such as IRIMGSEOFON or GEOSCOPE),
regionally (e.g. MEDNET) or nationally operatingtwerks (e.g. SZGRF/GRSN, ICC etc.).
Suitable starting links are provided, e.g., frome theb sites of the US Advanced National
Seismic Systemh(tp://www.anss.org/and of the Observatories and Research Facilities
European Seismology (ORFEU®Itt0://orfeus.knmi.nl

Traditionally, seismic observatories of nationaksec networks or larger regional networks
regularly publish preliminary seismological bulieti (weekly, biweekly, or monthly), final
seismological bulletins (yearly), and earthquakilogs of the country or region (yearly, but
with a few years delay so that the data from dieotxternal sources can be included in the
analysis). These catalogs are one of the basesaftiiquake hazard assessment and for risk
mitigation studies.

Immediate dissemination of data from strong evén@nother international obligation. The
Internet, fax, and phone are familiar forms of setsdata exchange in such cases. The
Internet is used more and more often for sharirigonty parameter data for strong events but
also other publications such as seismic bulletind aarthquake waveform data. Many
institutions already publish their bulletins aselmet documents only. In the very near future
the Internet will replace all other seismic infotroa exchange channels. In any country
without good Internet access, seismological ingtiis need to undertake every possible
effort to change the situation as soon as possile. should also understand that one E-mail
address per institution, although better than mgthdoesn't provide full Internet benefits. It is
the nature of the Internet that it becomes fullficefnt only if every professional staff
member has his own Internet access and E-mail ssldre

Some of the currently most relevant and often usttnet addresses of global, regional and
national seismological data centers can also bendfowand directly linked via
http://www.szgrf.bgr.der http://seismo.ethz.ch/seismosurf/seismobig.html
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