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Introduction
| would concentrate on some issues important for quality of
seismic data acquisition in weak motion as well as strong
motion field and show that not only seismic
equipment quality

but also

system engineering, site selection, preparation, and
system maintaining

are crucial for data quality.
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What is high quality seismic recording?

The term high quality seismic data acquisition encompasses
several aspects which are to some extent specific for
seismology as a typical non experimental science:

We usually want to record as many as possible events. Thus
(efficiency of seismic installation in term
of quantity of recorded data) is desired.
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For many seismicity studies and/or time dependant process
studies one wants continuous, stable recording
performance (in time and in space). Thus

sets (reliability of operation, stable sensitivity,
adequate spatial coverage) is desired.

One wants to record true ground motion, free of
iInstrumentally generated and other artifacts. Thus

of recording of ground motion during earthquakes is
desired.
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One should record signals which are relevant to the goal of
recording. Thus of data with respect to
this goal must be assured. For example: for general
seismicity studies bedrock motion should be measured and
local site effects and soll structure interaction are artifacts,
for local site effects studies, structures and soil-structure
Interaction site selection and preparation is different.
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What limits us today?

To what extent all these aspects are adequately covered
depends on signal recording

technology
AND

system design, seismic station sites selection, and
preparation.
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Today, generally speaking, recording technology fulfills 95%
of all needs, although not all instrumental problems have
been solved yet. The quality of recording at the most state-
of-the-art installations is limited by

seismic station site conditions.
Not so in the past. Surprisingly, in seismological community
the awareness of this fact is all but strong. Many new
Installations work in a sub-optimal conditions because
selection and/or preparation of seismic sites was
Inadequate. People pay too little attention to it, or most of
the funds have already been spent on "boxes" before it was
adequately addressed.
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Re:1 — detectability

Most of contemporary equipment fulfills any desire.
Consequently, detectabillity is limited with seismic noise at
most of the continuously operated seismic stations and at
all stations operated in stand alone triggered mode. This is
even true for the best modern strong motion sensors at
most sites.

Quality of seismic recording in terms of detectabillity is thus
a matter of seismic site selection and preparation and not of
the equipment.

ifi‘x ggg{fg;gél Cpurse: _applied seismology 2024-25
“sr%s’ DITRIESTE Giovanni Costa



-

g% UNIVERSITA

{ DEGLI STUDI
* DITRIESTE

Course: applied s
Giovanni Costa

Sensors tested:

Wilcoxon X731B

PMD MET {new)
Streckeisen STS-2
Endevco 86

MEMS SF15004
Kinemetrics EPISENSOR
Wilcoxon 9XL

RefTek 131-02

b 7, 190km depth at 85 deg

0.3 - 2 Hz band pass filtered
P-P octave RMS is about
2e-5 mis"2

From:

IRIS SENSOR TEST

an Interim Report
R.A.Uhrhamer and T.V.McEvilly

2001 IRIS Workshop

Widely different
sensors produce
comparable records.

Transparency 1

Sensor A

SensorB

SensorC

EPISENSOR

SensorD

T T T T

T : S5 E4:114 I = E‘l :.IQU : L;'v4 I25 :

- E¢1:132I

L R S e e L N e R

2024-25



—80
From:
IRIS SENSOR TESTS
an Interim Report
R.A.Uhrhammer
—100 T.V. McEvilly
2001 | RIS Workshop
£ Berkeley Seismo Lab
\&T BKS vault station
i
o
¥ =120
¢4}
1S
£ A
~ Man-made] seismic noise
= e
‘jé NS -
o |
2
(]
)
o
_1pg |-213-2 and strong motipn accelerpmgter
EpiSensor, Kinemetrics resolve sgis \
noise at BKS above 6 § period. Site
selection is equally important for poth
in this frequency band Y
_180 | (2 A I I B | L L L L LI | | ] III_ I\‘bf
1071 109 101
{”‘\ UNIVERSITA  Course: applied seismology Transparency 2 Period (sec) 2024-25

Y DITRIESTE Giovanni Costa

~.




ks g,

<

UNIVERSITA
DEGLI STUDI
DI TRIESTE

Course: applied seismology
Giovanni Costa

mis?

octave wide bandpassed acceleration —

10

Abddly poluted
107 sersmm sste-wuth
107"

s u
a M, region lost
-6 v 2 r 2
. ¢ 2 y:
,' ”reginn g;ufn:-

Transparency 3

L4 ) i e
Huﬂ.ll iz 14 = B
< m?m"

‘,'-(‘5\*.:::::

' STS;?'as well*asEpuSensor:é
G qi%ratlon range:can easﬂy

- -J

'0 be' W'BISth at jmproper[v 3

—_ Ne’vr Source 10km f
e Regional ~ 100km 3
= = Taleseismic ~ "-OOOkm s

HIBFEHIHHHH L I I U 1 N W r————T

107 fHg 107 10'

From:

Potential Advantages of a Strong Motion Yelocity Meter
as Opposed to a Strong Motion Accelerometer
by John F. Clinton, Thomas H. Heaton

107

2024-25



% AUTEAPECTRaL BErEEfy oF worme [v]
2 E=c=Ed=EHFEREE=—REd= EEFEE = tmrais b

P D e i e e m—— — e f— — —

e e — — — ——— —— —— —

e et = o et bl R o - e

TR
== CESSEESHE=—Eo=ERdHE

108

IFES=EESH
Fa-FHTH

e e o . 14 it 1
TR ‘
St

GOMNITE SR0 SHT)
10~

| H
=E=i:

e —
==
T
=TT
L

10+t

e B I e e e —

? L1 RN
1 i

i 10® id- inkF
FREGQUENCY
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potential seismic station site showing man-made seismic noise generated by a nearby ity and
heavy machmery working moa 4 km distant quarry.
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Fig. 7.12 Comparison of the average values (o) of the ground displacement spectrum of the
setsimie notse recorded at the quietest site found dunng a nose survey i NW Tran with the
cquivalent displacement spectrum of the combined instrumental self-noise of the Kinemetrics
55-1 setsmometer and S5R-1 data logger at a pre-amplification level of 100 times (left) and
OO0 times (right), respectively. Note that one order of magnitude difference i the amplitude
spectra corresponds to 20 dB difference in the respective power spectra. Chnly the ngher pre-
amplification allows the resolution conditions to be met at the guietest saites i the area under
imvestigation,
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Fig. 7.15 Comparizon of relatively quiet sections of vertical component noise records left
without strong transients ) and related power spectra (right) at a reference site m a town in NW
Iran. The measurements were made at different times of the day.

P A
#a % UNIVERSITA Cours
B} DEGLI STUD : ] 2024-25
t—;g;;-..' DiTRIESTE Giovanni Costa




1981-0ec-08 | - — —
Eaﬁw 2 F ]
=2 I
A’ i ' P
N
NN b aui | I
-%;ﬁﬁmmw.w.wmﬂf.wwmwmmwww o
% : T e e T ULV P g %
El e
%55______ . — |.:|“1"_-:_r |
IIE (fF i34 3 it 01 15 rI.E:EI 1-Efl'lr|:1:|u=:r;.l-lll'|:;:lld I 1

Fig. 7.16 MNoise recordings (left) and related power spectra (right) at different sites in WNW
lran. From top to bottom: 1) Unconsohidated Miocene terrace, 20) Unconsohdated Alluvial
valley fill, about 2 K away from the mam road, 3 as for 20y but some 5 km away from main
road; 4.) outcropping volcanic hard rock near the road v a valley (with no nearby trattic at the
tume of measurement, 3.) Volcanic hard rock surface) near a mountain pass road. The noise at
MIA T 1= around | He very close to the global MNew Low Noise Model (see sub-chapter 4.1)
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Fig., 7.19 MNoize records and related power spectra near to a transformer house and power Ling,
Mote the monochromatie spectral hines around 13, 30 and 30-60 He, aither induced by the AC
current frequency and it lower harmonics and/or caused by the vibration of the transformer.
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Re: 2 - completeness of data set
Completeness of data set is a matter of combined issues:

a) equipment reliability by itself,

b) network planning (proper selection of network
geometry) and selection of seismic sites,

C) site preparation, and

d) network operation.
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a) Equipment reliability

Practice shows that two most frequent reasons of technical
failures of seismic stations and networks are:

- Data communication link failures (too frequently it happens
that too unreliable communication links were selected to be
used in a new network) and

- Battery failures (particularly during strong events and their
aftershock sequences, when main power fails for a longer
period of time).
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b) network planning

The most reliable equipment will not perform, if station sites
are positioned in an inappropriate network geometry
resulting in poor event location within 'blind spots.
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C) site preparation

Potential lightning damages due to an inadequate
protection, water intrusion and vandalism considerations
must be treated adequately
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d) network operation

Regular maintaining should be based on a philosophy "act
before something fails". Sufficient spare parts and technical
personnel promptly available must be available in case of
technical failures.
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This aspect is mainly a matter of technology (can be
corrupted by instrumental reasons, insufficient resolution
and/or dynamic range, instrumental noise, nonlinearities,
clipping, higher harmonics, intermodulation effects,
rectification effects, drift, and/or by other non-instrumental
reasons like excessive seismic noise). Today 24 bits
recording, oversampling principle, and force feedback
type sensors assure excellent fidelity. However even
thou:
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1) Site preparation has an crucial influence on results:

- temperature variation - directly and/or through induced tilts
determine sensors' performance at low frequencies,

- inadequate sensor contact with bedrock can make VBB or
even BB recording at low frequencies useless,

- EMI interference (shielding and grounding) can easily
degrade sensors' performance at high frequencies,

- alr pressure variation may degrade VBB low frequency
recording.
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2) Network maintaining, that is regular sensor calibration is a
crucial, frequently underestimated or even neglected issue.
Fidelity of seismic records is guaranteed only between two
consecutive calibration procedures of sensors, which show no
significant differences between sensor transfer function. All the
rest is questionable.
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Re: 4 - Representativeness of data

It is solely a matter of seismic site selection and

preparation.

A firm sensor contact with bedrock is required for most
seismological applications where vaults must be
designed for minimum soil structure interaction (light
construction, ideally of the same density as surrounding

solil).
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What to do to assure high quality
seismic data acquisition?

Proper allocation of funds among different tasks is the basis. For a
new seismic system at most 50 to 70% of total funds should be
spend on instrumentation. The rest should be spend on:

1) Thorough network planning and coarse site selection.
Feasibility study should consider:

- network geometry,

- seismic noise conditions (known sources: theoretically, from the maps
and by measurements, seismo-geology),
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Fig. 7.1 The broader region chosen for the network in Slovenia and the mam geological
fault= n this area (9 - Artce fanlt, 10 - Brestanmica fault, 11 - Sava fault, 12 - Podbocye fault.,
|3 - Breaice fanlt, 14 - Orehovee fanlt).
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catalogs (in Jam™).
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smaller than the recommended distance for a particular gain of seismic station,
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Fig. 7.5 MNinimum  recommended noise-source-to-station-site distances  according o
Willmore (1979 and actual distances for the seismic station Loma Palo Bonito, which is

TN . . ? rlaced on hard granite rock.
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Transparency 6
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What to do to assure high quality
seismic data acquisition?

Proper allocation of funds among different tasks is the basis. For a
new seismic system at most 50 to 70% of total funds should be
spend on instrumentation. The rest should be spend on:

1) Thorough network planning and coarse site selection.
Feasibility study should consider:

- network geometry,

- seismic noise conditions (known sources: theoretically, from the maps
and by measurements, seismo-geology),

- exploitational conditions (access, power lines availability,
communication infrastructure),

- topographical and climates conditions (wind, precipitation),

- modeling of performances of a few most probable
geometry of networks.
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Fig. 7.6 Map of the seismic network region with all potential station sites (full dots) and
Known seismic noise sources (roads, raillway, cities, villages, industrial facilities, quarries, etc)
with circles of minmmum recommended distances drawn around them for the case of gain
25.000 for a SP seismic stations at | Hz set on hard clay, hardpan and similar ground, 1.¢e.,
case C. d (i.e., source and seismometer on same formation and with no mtervening alluvial
valley or mountain range) according to Willmore (1979).
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What to do to assure high quality
seismic data acquisition?

Proper allocation of funds among different tasks is the basis. For a
new seismic system at most 50 to 70% of total funds should be
spend on instrumentation. The rest should be spend on:

2) Educated site selection procedure (micro locations)

- Seismic noise measurements,

- search for local intermittent man-made seismic noise sources,
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What to do to assure high quality
seismic data acquisition?

Proper allocation of funds among different tasks is the basis. For a
new seismic system at most 50 to 70% of total funds should be
spend on instrumentation. The rest should be spend on:

2) Educated site selection procedure (micro locations)

- Seismic noise measurements,
- search for local intermittent man-made seismic noise sources,

- verification of local geology conditions and access,

- verification of availability of power lines and communication lines,

- verification of local RF conditions (if applicable).
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What to do to assure high quality
seismic data acquisition?

Proper allocation of funds among different tasks is the basis. For a
new seismic system at most 50 to 70% of total funds should be
spend on instrumentation. The rest should be spend on:

3) Proper site preparation

- assure contact with bedrock,
- search for local intermittent man-made seismic noise sources,
- maintain appropriate conditions to exploit all benefits of modern

sensors (sufficient thermal insulation),
- apply lightning protection measures based on actual lightning treat at

Individual sites and build grounding system,
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Lightning protection is an indispensable infrastructure precondition for a failure free
operation of complex seismic equipment.

Protection system design involves:

- Surge protection devices (SPD) for power lines,

- Surge protection devices for phone and/or Ethernet lines,

- Surge protection of local signal lines (analogue seismic, data, GPS, UHF/VHF/SS RF
cables),

- Electric Ground and Grounding System,

- Shielding,

- Proper cabling.

Power line protection includes SPD Class A, B, (7m) C, and D protection at ~230V wall
outlets, plus equipment internal protection. It assures:

- protection against lightning currents

- protection against common mode overvoltage

- protection against differential overvoltage

Issues involved:

- probability of lightning,

- type of distribution system (source grounding, neutral and protection conductor
arrangement),

- position of power meter,

- type of load (fixed/portable)

- local soil resistivity.
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Rule #1
Lightning treat may vary in aratio of 1 : >1.000 among different sites
(topography, climate, geographical latitude). Thus applying the
same protection measures on all sites means wasting money.
Not applying them is usually an even worse wasting of money.

Rule #2
Apply measures on all cables or on non! Lightning treat paths are logically
OR wired! Use professionals' help.
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What is lightning treat?
Atmospheric discharge currents 10 kA to 200 kA, induced voltages > 1.000 times exceed
instrumentation insulation voltage.

Type of damages:

- mechanical damages,

- thermal damages,

- insulation breakage of electronic parts and cables.

Damages can be caused by:

a- cloud-ground of the main discharge path (equipment must be very extensively
protected to withstand, too expensive for seismology),

b- direct cloud—ground (hard to protect but feasible),

C- caused by cloud—cloud discharge is most frequent (accumulated

charge redistribution currents, voltage induction through magnetic fields). In average 1.5
km zone of danger (stand alone facility) and 5 km with interconnected facilities (power,
lines, phone lines, water pipes).

Different protection elements in use:

- resistors

- inductors

- gas discharge devices

- PTC resistors

- thermal fuses

- varistors

- mono- and bi-directional suppressor diodes

F N

Ny
Newai

UNIVERSITA

: DEGLI STUDI

DITRIESTE

Course: applied seismology
Giovanni Costa

2024-25



13.5 14.0 14.5 15.0 15.5 16.0

Average Iightning treat expressed as cloud-to-ground hits Féqa

km per year in W and E Slovenia differes for more than i U6!”

I
\"""""N/L/'\"‘\,x ]J/ *
R Noetsch . Maribor

e -
\pw_’_ﬁu \j_j

*
Kranj

Slovenj Gradec

'ﬁénsparency 10

# % UNIVERSITA . i i
Y DECL STUD! Course: applied seismology

~ DITRIESTE Giovanni Costa

6.5

; 1

Density: nikm2iyear

9,92 or higher

2024-25




Transparency 11

T
4t ¥ NN 85
=% B 65
‘U B 45

2.5

n/km?year

20 km 40km

Even on local scale (a few km distance) lightning treat may differ
for more than 1:4. North-west Slovenia, a mountain region.
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What to do to assure high quality
seismic data acquisition?

Proper allocation of funds among different tasks is the basis. For a
new seismic system at most 50 to 70% of total funds should be
spend on instrumentation. The rest should be spend on:

3) Proper site preparation

- assure contact with bedrock,
- search for local intermittent man-made seismic noise sources,

- maintain appropriate conditions to exploit all benefits of modern
sensors (sufficient thermal insulation),

- apply lightning protection measures based on actual lightning treat at
individual sites and build grounding system,

- assure vault water tightness,

- assure minimum soil-structure interaction (light design of the vaults),

- mitigate local seismic noise sources (wind and shelters, antenna mast,

fencing, power transformers, electromechanical devices within the
vault, insufficiently tight vault cover).

# % UNIVERSITA . i i
(g} DECLI STUD! Course: applied seismology

Ry

DITRIESTE Giovanni Costa

2024-25



What to do to assure high quality
seismic data acquisition?

Proper allocation of funds among different tasks is the basis. For a
new seismic system at most 50 to 70% of total funds should be
spend on instrumentation. The rest should be spend on:

4) Regular maintaining

- regular verification (charge capacity measurements, not voltage
measurements!) and in-time replacement of batteries,

- periodic remote control of state of health of stations (if available),

- periodic on site visits and verification of potential damages (advancing
corrosion, small cable, solar panel, antennae damages, light water
intrusion or of small animals, vandalism attempts, cleaning vaults)

- periodic sensor calibration, thorough documentation of results, and
archiving.
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