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I - Summary

Report No, 2 is prepared to cover the data period from March 17
through Jh]y 10, 1979. During this period, the memory-trigger-system
is installed and the timing resolution of seismic data is remarkably
improved. Purpose and design criteria of the Pueblo Viejo-Quixal
seismograph network and the description of the instrument are included
in this report.

Preliminary analysis of epicenter distribution started to illus-
trate some of the possibte 1inearment‘along the active faults. The
limited data permits us only a tentative conclusion, which might be
subject to change as the data accumulates, but some of the features
important to the Pueblo Viejo-Quixal Hydroelectric project are:

1) A moderate activity along the Chixoy-Polochic fault

system is revealed.

2) A possible north-south trending activity across

the dam site and along the Rio Chixoy to the north

is suggested.
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IT Purpose and Design Criteria of the Pueblo Viejo-Quixal

Seismograph Network

Purgose

The study of microearthquakes provides a rapid way of mapping
active faults in régions of high seismic activity. More than 1000
microearthquakes may be detected in a region where only one earthquake
had been recorded by the distant stations of the World Wide Seismograph
Network during the same period.

The Pueblo Viejo-Quixal Seismograph Network is installed by the
Marine Science Institute of the University of Texas (UT/MSI) for In-
stituto Nacional de Electrification (INDE) to monitor the seismic
activity in the area associated with the Per]o Viejo-Quixal hydro-
electric project.

The information delivered from the seismo]ogica1(studies provides
essential information on the safety of the dam, such as maximum rmagnitude
acceleration, and duration time of an earthquake at the site. It is
expected that the detailed seismic study verifies the engiheerjng
criteria and points out the zone, if there is any, to be monitored
with special attention.

One of the critical periods in a hydroelectric project is during
the loading of the reservoir as it is filled. Changes of water level
result in changes of the pore pressures of fluids in the surrounding
rocks. Increased pore pressure acts as a lubricant for an existing

fault and often triggers water-induced earthquakes. The Kariba
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earthquake, Zambia (Sept. 23, 1963, M=6.3), the Kremasta earthquake,

Greece, (Feb. 5, 1965, M=6.2), and the Koyna earthquake, India, (Dec. 10,

1967, M=6.4) are some of the well-known examples of destructive earth-
quakes which occurred in the proximity of dam sites as the reservoirs
were being filled,

Predicting destructive earthquakes is one of the most jmportant
problems in modern seismology. Many researchers are working toward
this goal, but the method for p%edicting earthquakes are still crude.
However, we have found some_premonitory phenomena in Central America.
Specifically, changes of the velocities of seismic waves prior to an
earthquake of magnitude 3.6 were observed in northern Costa Rica. In
addition, a significant gap in the normal seismic activity was dis-
covered in Oaxaca, Mexico region. Such a céssation of the normal ac-
tivity level sometimes precedes a major earthquake, as was proven by
the earthquake which occured in the Oaxaca area in 1978. The data
analysis stated that an earthquake with a magnitude 7.5 or greater
would be Tikely to occur in that region. On November 29, 1978, an
earthquake of magnitude 7.8 took place roughly one-half degreevaway

from our predicted location.

Design Criteria

As shown in Figure 1 and Table 1, the Pueblo Viejo-Quixal seis-
mograph comprises six remote stations and a central recording station

Tocated at Pt. 1. The location of the stations‘was carefully selected
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to fulfill the following requirements:

1. A remote station must be within a 1ine of sight
from the central recording station to secure the
continuous data transmission by UHF radio frequency.

2. To provide the highest detection capability and the
most accurate epicenter determination in the vicin=
ity of the dam site.

3. To provide an extended qréa] coverage for the com-
prehensive studies of local, regional and deep-
focus earthquakes, -~

The stations 1 through 3, as shown in Figure 1, are located closely
together near the dam site, forming an inner cluster to provide the
highest sensitivity and greatest precision of epicenter determination
at the proximity of the dam site. Stations 4 through 7, on the other
hand, are distributed at greater distances to cover the area up to
40 km from the dam site,

Figure 2 shows the frequency-magnification curves for a recording
station. This system attains up to 106 of amplitude magnification at
10 Hz when operated at maximum gain. Limited by backgrouna noise at
the sensing station, the system is usually operated at 12 db attenua-
tion level of PA/VCO.

Operated at 12 db attenuation level, any earthquake with magnitude
0.5 or greater in Richter scale will be recorded within the inner clus-

ter stations. The standard error of the epicenter is expected to be

less than 500 meters within the inner cluster. Within 40 km range, the

network will be able to register an event with magnitude 2.5 or greater.
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IIT Description of Equipment
The seismic monitoring system of Pueblo Viejo-Quixal seismograph

network is characterized by several advanced features. The seismic
signals from-the remote stations are continuously transmitted back to

the central recording station to monitor the signals on real time
bases. At the base station, these signals are directly registered on
the drum recorders to insure continuity of the recording. Also, an
advanced memory-trigger system permits us to record all the seismic
signals plus time code on magnetic tape when a possible earthquake

is detected. This recording system provides a higher resolution in
time domain that is essential.for an accurate epicenter determination.
A crystal controlled timing system provides a precision time mark
that can be calibrated up to 1 millisecond with the standard time
signal broadcasted from the Bureau of Standards, Boulder, Colorado.
Figure 3 shows the block diagram of the seismic monitoring system,

A description of individual equipment is given in the following section.

A. Remote Station

Each remote station is equipped with geophone, PA/VCO, transmitter,
antenna, battery and solar panels.
1. Geophone (Kinemetrics; SS-1) A geophone senses ground
vibration and converts it to an electric signal, At
a remote station, the geophone is installed in a verti-
cal position in order to sense vertical ground motion.,
The geophone and the cables connecting it to the trans-

mitting stations are buried to prevent damage and wind

noise,



Natural frequency :1 Hz

Transduction motor constant  :335 Voit/meter/sec
Coil impeadance : 5600 ohms

External resistance for h=0.7 :4500 ohms

-

2. Preamplifier/Voltage controlled oscillator (Interproduct; Ivco)

The output signal from the geophone is amplified and converted

to a variable frequency by VCO. The preamplifier has a maxi-
mum gain of 90 db and 8 adjustable steps each with 6 db at-
A tenuation. The output from VCO is a sine wave that varies
in frequency following the amplifier output signal. There

are five center frequencies (frequency for zero output from

amplifier) at 1360, 1700, 2040, and 2720 Hz. The preampli-

fier and VCO are contained in a single metal box.

E
» Bandwidth, 3 db points : 0.1 Hz to 10 Hz
with 12 db/octave
b roll-off.
Preamplifier input
impeadance : 10 K ohm
VCO output distortion : Tless than 3% of -
, fundamental frequencies.
g VCO output level : -5 dbm max. into 600
ohm load.
’ VCO deviation : 1125 Hz for f2.5
volt input,
J 3. Radio Transmitter and Antenna (Monitron T-40-45F35) The out-
- put from the VCO is fed into a transmitter and directional
;3%%% antenna for transmission back to the central recording
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station. The output power (RF power) of the transmit-
ter is approximately 500 milliwatts. The carrier fre-
quency of the transmitter ranges between 402 mHz and

406 mHz as shown in Table 2.

Input power

12 volt DC, 140 mA

RF output 500 mW

Output impeadance 50 ohms

Frequency stability : 0.0005%

Modulation bandwidth : 300 Hz to 3k Hz
minimum

Modulation distortion : 2% maximum, 0.5%
typical

Battery and solar panel (Solarex, 1480 HP UNIPANEL)

Power for each station is provided by a 12 volt storage
battery and three solar panels. The battery is charged
by solar panels at the rate 0.5 ampere per panel under
full sun. Three panels are connected in parallel to
the battery. At a remote station, the transmitter and
PA/VCO combined, draw approximately 150 milliamperes .
at 12 volts.

Peak output (per panel : 8.0 watts

Ampere at nominal

voltage : 0.5 amp (in full

sun)

Watt-hour/week (U. S.
average : 26,0



B. Central Recording Station

station.

The following equipment is located at the Central recording

1. Radio Receivers and Antennas (MONITRON; R40-45F): The

radio signals from six remote stations are received

at the central recording station. Six directional
antennas are located near the laboratory. Each anten-
ha is aimed at its respective transmitting station.’
Cables lead the received radio signals to the six
receivers 10c§%ed in the laboratory. The output

from each receiver is a variable frequency tone iden-

tical to the VCO output signal at the remote station.

Input power : 10 to 15 VDC
at 25 mA
Sensitivity 259 s & N/N at
1 microvolt typical
.. . db +
Selectivity : 6077 at - 30 KHz
Frequency stability : 1 0.001% from -30°C
to 60°C
Audio output : Adjustable from zero
to +6dbm (600 ohms)
Audio distortion : . 2% maximuh, 0.5%
typical

Discriminators  The output signal from each receiver is

fed into a discriminator. This instrument converts the

high frequency tone into the amplified seismic signal

that was originally fed into the VCO at the remote station,
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Input level : 10 millivolt to
2 volt RMS, Loss
of signal will lock
output to -5 VDC.

Input impeadance : 50,000 ohms.

Output Tevel . Adjusted to 2.5
volt for ¥125 Hz
deviation.

Qutput filtering : Logbpass 10 Hz with

187" /octave roll-off.

3. Delay Memory and Trigger Circuits The output from each discri-

minator is fed into a digital memory unit (DL-100) where about
20 seconds of data are stored. Data flow in one end of the
memory, and 20 seconds later, flow out.the other end into a
trigger identification circuit (TD-200) and coincidence de-
tector circuits (CD-300). The trigger identification circuit
compares the signal with the average background noise level
that was received over the preceeding 100 seconds. If an input
signal exceeds the threshold determined by the background
noise level, the trigger identification circuit for that station
is set to the triggered mode for the next 20 seconds. The coin-
cidence detector examines the number of stations set io the
triggered mode, and if thrée or more remote stations are trig-
gered, it starts the tape recorder and keeps it running for
the next 75 seconds.

This system significantly improves the timing resolution
of the signals. A detailed discussion on the timing resolution

will be presented in the section Data Handling. Another merit




of this system is the reduction of operating cost and

- data handling. The recorder operates only when an earth-

quake occurs so that much less recording tape and paper
for data playback are used. If continuously recording
without the memory trigger system, approximately 60 times
more tape (and playback papers) will be consumed and a
full-time attendance is required. The specification of
the Delay-Memory-Trigger System is attached as Appendix I.
Recorders Dual recording system is deployed in the

Pueblo Viejo—Quixai-seismographvnetwork. As shown in
Figure 3, the output signal from each discriminator is
recorded on a separate ink-writing drum recorder respec-
tively on a continuous basis. This drum recording system
assures registering of a small event.that is detected only
at one or two stations but is not large enough to trigger
the memory-trigger system. Another system, incorporated
with the memory-trigger system is a tape recorder. A
4-track tape recorder with 1-7/8 inch-per-second is used
for this purpose. Up to four different signals are multi-
plexed and recorded on a single tracki Table 3 shows the
track number and the center frequency in modulation. One
10% inch tape records up to 160 events.

Timing System Precise timing signals are registered on

both drum recorder and tape recorder. On the drum recor-

der, minute and hour marks with 0.5 second duration are
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illustrated by a small deflection of the pen, and a more
complicated Binary Coded (BCD) Timing Signal is recorded
on Track 3 as shown in Figures 5 and 6. The digital clock
that.supp1ies these time signals can be calibrated up to
T.millisecond by the standard time signal (WWV) broadcast

by the Bureau of Standards, Boulder, Colorado.



12

IV. MNetwork Operation

Six remote stations and a central recording station were installed
during the period of February 9-12, 1979. The drum recorders were de-
ployed during this phase. Table 2 shows the VCO center frequencies and
radio telemetory carrier frequencies for the remote stations.

On April 28, 1979, the delay-memory-trigger system and a tape re-
corder were installed. When a possible earthquake is detected, the signals
from the remote stations are recorded on the magnetic tape with four re-
cording tracks. Each track registers up to four multiplexed-data channels.
Track number, assigned center_frequency and station number on the tape re-
cording system are shown in Table 3. This advanced system is designed to

provide an improved time resolution which is of essential importance to

an accurate epicenter determination. In early stages of operaticn of the
memory-trigger system, the system suffered a large number of false trig-
gering, set off by noisy stations. The true-false triggering ratio has
been significantly improved after May 19 when Dr. Matumoto adjusted the
system. The recording period covered by each magnetic tape is listed in
Table 4.

With the installation of the memory-trigger system, the construction

of the Pueblo Viejo-Quixal seismograph network was completed by April

30, 1979.

Since its initial installation, two stations were relocated. Station
3, Tocated at Panrum, 8.3 km southeast of the base station, suffered an
extremely high noise Tevel, origihating from traffic of heavy vehicles for
the construction along the newly-constructed service road approximately 1 |

km away. To improve the signal-to-noise ratio, station 3 was moved to
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Cerro San Juan, 6.7 km southwest of the base station, on April 28, 1979,
Station 7 was damaged on March 27, 1979, by local banditry. With
new equipment, the station was reconstructed at a new site (Chiguihuital,

39.6 km south)on June 8, 1979.

13
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V. Data Analysis

Seismic data through July 2, 1979, was returned to Galveston for

ok

detailed analysis.

1) Timing Resolution

In the early phase of data processing, the arrival time of the
seismic signals was read off from the drum recorder. Beginning

May 10, 1979, an improved recording system became available and

o JUUS B |

accordingly, a new processing method has been employed. In this

| new method, the seismic signals are played back from magnetic

] tapes and much higher timing resolution is obtained.

jﬁi) The playback system equipped at the Marine Science Institute,
Galveston, Texas, consists of the following equipment:

4 track tape playback system

Matching discriminator set

A/D converter

PDP-15 computer package

High speed electrostatic printer/plotter

Two computer programs were developed to analyse the data from the

|

Pueblo Viejo-Quixal network. They are:

ADCT11: This program converts analog input to

(G

digital output with designated sensitivity and

gi) sampling rate, and
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N7/AD2: This program plots the digitized data on
a high-speed electrostatic printer/plotter with pre-
" determined paper speed.

In processing, two different sets of playback packages are produced:
A) compressed time-scale playout (1 mm/sec) as shown in Figure 4, and
B) expanded time-scale playout (10 mm/sec) as shown in Figure 5. The for-
mer is used for QUick referencing of an event and examining the quality of
digitization process and the latter is to read the onset of the first arri-
vals, to identify the direction of the initial motion, to identify the
Binary Coded Time, and to examine the detailed seismic signature.

Each playout includes 9 data channels corresponding to 9 remote stations
and two edge channels to illustrate the Binary Coded Time Signal (IRIG-C
Code) to identify the time of recording.

— During the period of May 18 through May 21, 1979, two different ap-
proaches of data processing were tested to compare the‘accuracy of the epi-
center determinatioh. The first method is to read the arrival times from
the drum recorder which is operated at the speed of 1 mm/sec. This record-

ing system provides the timing precision up to 0.1 to 0.2 seconds. The

‘second approach is to read the time from the expanded playout that provides

the timing resolution approximately one order of magnitude better than the
drum recording system. Figure 6 shows a comparison of the errors resulting
from the two different systems. The standard deviations of the hypocenter
matrices (which is approximately porportional to the error of the origin

times) from two different data set are used to plot an event. The standard

deviation from the drum recorders (S1) is taken as an ordinate and one from

tape recording system ( 52) is taken as abscissa.
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The diagonal 1ine in the graph indicates the locus of the points
with equal errors for both systems (S] = 52). Any data point with the
relation S] > 52 is distributed in an area above the diagonal line, Of
24 events tested, 19 events are distributed within the domain of S] > 32,
or in other words, the epicenter determinations from the tape recorder
system are superior than those from the drum recorder system. The data
points with arrows indicate that the values of the coordinates along the

axis parallel to the arrows were too large to be shown in the proper scale.

2. Magnitude Determination

Magnitude of an earthquake is given by the equation

M=1log A+ alogD+3p (1)
where A is the maximum trace amplitude, D is the distance and o and B
are the constants. The amplitude of a large event, however, frequently
exceeds the dynamics ranges of the recording system and the magnitude
of a large event, if based on equation (1) is unable to determine.

To avoid this difficulty, an alternative method for magnitude
determination is developed. Empirically it is known that the duration
time of an earthquake, 1, is correlated to the magnitudevof fhe event
in the fo]]bwing form: 4

Mt =a+b log (2)
T is the duration time of an event measured in seconds and a and b |
are constants. To find out the value of the constants a and b, the
duration times of the events with known body wave magnitude, m, re-

ported by the National Earthquake Information Service, U.S.G.S., are
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plotted in Figure 7.
Based on this data, the following empirical formula is given
for magnitude determination:
M= -2.67 + 3,06 log = (3)
where Mt is the magnitude determined from the duration time and is
equivalent with the body wave magnitude LIS The value of the magni-

tude listed in Appendix II is determined from this equation.
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3) Seismic Energy Generated by the Explosions

To test the varidity of the magnitude scale defined by equation
(3), the relation between the magnitude and the yield of an explosion
that was recorded by the Pueblo Viejo-Quixal network is examined.
Figure 8 shows a plot between the magnitude, Mt, versus the yield of
an explosion, Y (kg).

Thermal energy of an explosion generated by one kilogram of TNT
is approximately 106 calories, or 4,2 X 10]3 ergs. It is generally
accepted that approximateTy 1 to 0.1 per cent of energy is converted
into seismic energy if detonated in hard rocks. If we denote the con-
version rate as k, the effective seismic energy Es from an explosion
of yield Y is:

Es = 4.2 x 1013

x k x Y (4)
The energy of an earthquake is given by Gueterberg and Richter (1954)
as follows:
Tog E=11 4+ 1.6 M
J (5)

Inserting equation (4) into (5), we get

]

M=0.63 log Y +0.38 (k=1%) . (6)

or

M=0.63 log Y - 0.24 (k=0.1%) - (7)

M versus Y relations given by equations (6) and (7) are plotted in
Figure 8.

While most of the events are distributed between two lines, some
of the large explosions produce seismic energy more effectively (better
than 1%) as contrasted to the ratio of seismic energy conversion for

smaller events are less effective (less than 0.1%).
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Distribution of Earthquakes

During 5 months operation from February 13 to July 3, 1979, approxi-

mately 1100 events were recorded by the Pueblo Viejo-Quixal network. A

list of the earthquakes is attached to this report as Appendix II.

1. Events Originated From the Explosions

Figure 9 shows the distribution of the events in the vicinity
of Pueblo Viejo dam site. Only the events with the most accurate epi-
center determination (IQ < and S < 0.5) are plotted in this figure.
An x indicates earthquake of tectonic origin and a + sign illustrates
an explosion earthquake (IQ=7). The number attached to the events in-
dicates the earthquake file number shown in Appendix II. The interval
between the tick marks shown at the margin correspond to 1 km distance.

The events from the explosions can be utilized to test the accuracy
of the epicenter determination. Of 53 events identified as explosion
earthquakes, 17 events with S < 0.5 were plotted. Table 6 shows the
identified explosion events. Most of the explosions were assumed to
be detonated at the west bank of the dam site (930 contour line). Of
17 events plotted, 7 events (File numbers 217, 386, 973, 1051, 1054,
1064, 1073) are distributed within 1 km from the explosion site, 6
events (230, 274, 418, 704, 871, 1059) are within 2 km,kand 4 additional
events (33, 122, 631, 865) are between 2 to 3 km.

For most of the events with greater errors in the epicenter deter-
mination, malfunctions of the stations, especially those of the inner

stations are responsible for the large errors. The high noise at Pt 3
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before relocating to Cerro San Juan and the interruption of operations
at Pt 7 from April through June, deteriorated, to some extent, the
quality of data and the accuracy of epicenter determination.

A marked improvement of the epicenter determination is evident
after the improved recording system was installed. The recording
and processing from the improved recording system began on May 10
(corresponding to the earthquake file number 700). The better con-
centration of explosion events to the real explosion sites can be
observed for file nos. 700 _through 1100 as compared with the events
1 through 699 is figure 9.

It is concluded that the accuracy of the epicenter determination
is, in general better than 1 km under the normal station operation
condition. This is in accordance with the anticipated precision de-
scribed in the section "Design Criteria".

One of the reservations, however, is the ambiguity of the crustal
model. Table 5 shows the crustal model used in this study. This model
was obtained from our previous study in Costa Rica and does not neces-
sarily represent the true structure in Guatemala. If an improper

crustal model is used, the depth of an earthquake is affected more

seriously.

A solution to resolve the ambiguity of the velocity structure and
depth determination is to use the large explosions to measure the true
velocity of seismic waves. For this purpose, however, it is necessary

to record the shot time up to the precision of 1/100 second.



21

2. Active Faults Delineated From the Microearthquakes

Preliminary analysis of epicenter distribution started to illustrate
some of the possible linearments along the active faults. However, Timit-
ed data, based on a 5 month recording period, permits us only a tentative

conclusion which may be subject toichange as additional data is accumulated.

Figure 9 shows the distribution of epicenters which have been deter-

mined with the highest precision.

|

a Four possible linearments, denoted as A through D, are shown in the

! figure. .

Zone A that trends east-west and is approximately parallel to the

1 Cuilco-Chixoy-Polochic fault system., The Guatemala earthquake of Febru-
.}g, ary 4, 1976, typically illustrated that the Motagua fault is a currently
J active plate boundary between North Americén and Caribbean plates. But
the activity confirmed by Zone A indicates that probably the boundary be-
tween two major plates is not confined to a single fault, but to a couple
of fault systems. These include Cuilco-Chixoy-Polochic, Motagua, and

probably Jocotan faults in echelon, which consitute and effective plate

i . ‘ boundary.

; Preliminary observation indicated that the activity 1eve]‘a10ng the
% Cuilco-Chixoy-Polochic fault is approximate]y‘equal to those along the

| Motagua fault system,

) Weakly defined Zone B is probably the most important for the Pueblo

% Viejo-Quixal project. With north-south trending, this line runs across

- the dam site and proceeds approximately along the drainage of Rio Chixoy

to the north.
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The length of this linearment is estimated to be 19 km Tong. But
the events at the northern terminus along this line run beyond any known
fault features and these events may represent the activity along Zone A
rather than Zone B. If this is the case, the length of Zone B is less
than 10 km. In addition, six events in the immediate proximity of the
dam site (file nos. 32, 79, 91, 325, 357, 1093) did not correspond
to any reported explosions, Some of them may well have originated from
the explosions. Extended'monitoring for a prolonged period and careful

logging of explosions are necessary to study the activity along this

lTinearment.

Zone C and D are reunning approximately north-south or NNE-SSW.
As Matumoto et al. (1976) and Plafker et al. (1976) pointed out, several
north-south trending fault systems distributed south of the Motagua
fgu]t are considered to be the result of "splintering" of the wedge
shaped, unstable, western-most section of the Caribbean plate. Usually
these faults are characterized by normal faulting and absorb the east-
erly movement of the Caribbean plate. The fault plane solutions along
these zones, as well as along other zones, are yet to be studied. How-

ever, if Zone C and D are caused by similar splintering effects, they

- may show east-side, down-thrown normal faulting.
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VII Frequency Versus Magnitude Relation, Recurrence Time

The relation between the number of earthquakes and their magnitude
provides a useful clue to estimate the level of activity and recurrence
time of an earthquake with a specified magnitude.

The study in this section is to describe the relation between the
number of earthquakes versus magnitude in order to specify the regiona]
seismicity level. This does not necessarily reflect the estimation of
maximum magnitude that may take place along a specified fault.

Additional constraint, sugh as the length of the fault and other
geological observations should be incorporated to weigh the seismic risk
for the hydroelectric project.

Also, having only a 5 month period of recording is far from represent-
ing an "average" regional trend of activity. Local and regional seismicity
fluctuates from time to time. Espeéia]]y prior to a major earthquake, un-
usual quiscence is frequently observed. Therefore, the results described
in this section are also to be considered as preliminary.

The magnitude scale, Mt, employed in this report is determined by the
duration time of an earthquake and is equivalent to the body wave magnitude m .

For practical uses, the surface wave magnitude Ms is common]y‘used and
it is convenient to express in the surface wave maénitude. The relation be--
tween m, or Mt and Ms is given by Gutenberg (1956) as follows:

Ms = 1.67 my -4.67 (8)

Figure 11 shows the plot of the number of earthquakes versus magnitude. The

number of earthquakes was counted for those with the magnitude equal to or
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greater than Mt and located within 100 km square. By the use of equation
(8), both Mt and Ms are indicated on abscissa.,

As the distance increases, the network is usually unable to record
small events., Because of this reason, some of the small events are miss-
ing from the counting, and the distribution becomes concave towards small
magnitude.

The regression line drawn in Figure 11 which is given by the distri-
bution with the range of Mt > 3.5 is expressed as follows:

log N = 2.33 - 0.59 Ms
Noting that this relation is ba;ed on a 5 month recording period, we need
to normalize N to be the annual count. Multiplying N by 2.4, we get:

log N = 2,71 - 0.59 Ms (9)
Table 7 shows the expected event count N (per year), and recurrence time
(year) calculated from equation (9).

Scarcity of data prohibits us from separating the source region,
but the majority of the events may have been attributed to the Cuilco-
Chixoy~Polochic fault system. The regional activity level (within the
area of 100 km square) is approximately identical to those along the

Motogua fault.



VII Conclusion and Recommendation

Based on a 5 month recording period, a preliminary analysis of the

data revealed that:

1.

The well Tocated explosion events show, in general,
that the calculated epicenter is in good agreement
with the actual explosion site within an expected
error range.

Four bossib]e linearments are indicated by the dis-
tribution of the epicenters. Zone A is the most
active fault and ;Jhs east-westwards along the
Cuilco-Chixoy-Polochic fault. Zone B is trending
north-south and runs across the dam site and along
the drainage of Rio Chixoy to the north. However,
some of the events along this zone may have origin-
ated from explosions.

The regional activity level with the area of 100 km

square centered at the base station is approximately

the same as those along the Motagua fault.
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To maintain the operationa effectiveness and to improve the precision

of data analysis, the following is recommended:

1.

By the use of a couple of high-yield explosions, a
special measurement aimed at calibrating the network
should be carried out. It is expected that some of
the ambiguities, especially the velocity structure

and station corrections, will be clarified through



this measurement. For preparation, Dr. Matumoto

-should be notified at Teast 2 weeks prior to

these explosions.

Logging of the explosions should be continued.
Shipment of data on a bi-weekly basis is recom-
mended. A memo describing any changes of opera-
ting conditions should be attached.

The need to replace sparevcomponents and tools
should be examined and those deemed necessary

should be purchased as soon as possible.

26
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Table 1.  Pueblo Viejo-Quixal Seismograph Metwork

Station Name Code Longitude Latitude
Degree, W, Degree, N.

1 Chilley GU1 90.49110 15.35314

2 San Juan GU2 90.47495 15,29417

* 3 Cerro San Juan GU3 90.53983 15.31483

4 Xucaneb GU4 . 90.27692 15.38760

5 Najitila GU5 90.49579 15,45765

Chimaqua GU6 90.69218 15.25592

Chiquihuital GU7 90.41100 15.00383

*

**k

relocated April 28, 1979.
Panrum
relocated June 8, 1979

Chitucan

previous location
90.43750 15.31872
previous location

90.49637 15.18818

27

Elevation

meter

1702
1180
1860
1650
1960
2220
2290

912

728
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Table 2.  VCO Center Frequency and RF Carrier Frequency
PA/VCO Azimuth  RF
Station VCo Freq. Attenuation from Carrier Freq.
HZ db Base Station MHZ
1z 2380 e 12
W 2040 12
1E 1700 12
2 1360 12 N 164° E 405,355
3 2380 12 N 123° E 404,355
4 2040 12 N 80° E 404.855
5 1700 12 N 107° W 402.855
6 1360 12 N117° W 403.855
7 2380 12 N 179° E 403.355
402.355 mHz

transmitter demolished
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Table 3. Track Number and VCO/Multiplex Frequency for

the Tape Recording System

Track No.

Station No. VCO Frequency, HZ
1Z 1 2380
il - 2040
1E 1700
2 1360
3 2 2380
4 2040
5 1700
6 1360
7 3 2380
BCD Time Code 2040

29
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j Table 4, Recording Period of Magnetic Tapes
3 Tape Ho. of  Beginning End fng Tine " Blank Time
i (PT. 2) Mon. Day Hr. Min. Mon. Day Hr. Min. Day Hr. Min. Day Hr. Min.
] 1 ] May 01 19 08 May 02 05 31 10 23 7 19
] 2 2 02 12 50 03 02 44 13 54 10 55
=3 2 03 13 49 04 03 28 13 39 9 37
b4 4 04 13 05 04 22 06 09 01 16 12
5 3 05 14 18 05 19 05 04 47 1 31
~ 6 1 05 20 36 06 01 16 04 40 12 02
"7 3 06 13 18 06 19 15 05 57 19 06
¥ 8 6 i 07 14 21 07 20 01 05 40 1 18
3 9 2 07 21 19 08 01 43 04 24 11 26
] 10 2 08 13 09 09 01 24 12 15 12 36
11 2 09 14 00 09 21 49 07 49 0 29
;j- ]? 3 09 22 18 10 01 36 03 18 11 25
, 13 0 10 13 01 10 20 &4 07 40 17 47
é 14 1. 11 14 28 11 23 17 08 49 0 42
} 15 5 May 11 23 59 May 12 10 31 10 32 2 47
16 5 12 13 18 12 20 16 06 58 18 10
j 17 4 13 14 26 14 07 31 17 05 5 46
18 4 14 13 17 14 23 44 10 27 15 13
=39 23 15 14 57 18 05 13 14 16 7 57
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2.
Table 4. Recording Period of Magnetic Tape
(continued)
Tﬁge geéngz Begihning End ¥%Sa}1%8°°rd' Blank Time

(PT.2) Mon. Day Hr. Min. Mon, Day Hr. Min. Day Hr. Min. Day Hr. Min.

20 45 May 18 13 10 May 22 21 37 4 08 27 16 40

21 8 23 14 17 24 21 7 107 00 16 40
22 10 25 14 28 26 07 52 17 24 7 02

10 26 14 54 27 13 30 22 36 0 10

6 27 13 40 29 18 56 2 04 36 2 48

12 29 21 44 30 09 56 12 12 3 18

26 10 30 13 14 31 02 00 11 46 13 7

27 17 May 31 15 07 June 1 2] 44 1 6 37 20 2

28 4 June 2 17 46 June 3 03 10 9 24 13 59

29 20 3 17 09 5 11 41 1 18 32 10 47

30 16 5 22 28 8 10 26 2 1 58 4 24

3& 18 8 15 50 10 18 10 2 2 20 3 40

32 6 10 21 50 12 17 33 1 19 43 2 2

33 7 12 19 56 14 04 35 1 8 39 11 38

55 14 16 13 June 23 15 50 8 23 37 9 8

66 June 24 00 58 July 2 13 21 8 12 23
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Table 5. -

Vp (Km/sec)

Crustal Model

Vs (km/sec)

32

Thickness (Km)

5.10
6.20
6.60
7.90
8.15

2.94
3.58
3.81
4.65
4.60

8.20
12.90
22.30
16.60
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Explosion Earthquakes and Events Near the Dam Site

Table 6.
File 3
No. Yr. MD HM NP NS IQ MB X(km)  Y(km)  Z(km) S Explosion
132 79 216 1701 5 4 2 2.5 2,92 -8.72 5.24  0.38
933 79 216 1702 5 1 7 2.3 2.47 -8.17 3.19  0.16
58 79 219 201 3 3 3 .3 0.8 -4.79 5.00 0.2]
181 79 221 858 4 2 3 2.2 2.29 -8.86 7.81  0.10
91 79 222 2224 4 0 2 2.0 0.9 -7.07 7.29  0.00
'92 79 222 2258 3 0 3 3.8 1.03  1.77 5.00 0.05
199 79 224 1620 3 3 3 2.8 __0.97 -4,69 5.00 0.05
122 79 227 2053 5 1 7 2.3 1.85 -8.65 7.26  0.05
79 308 1820 5 0 7 .9 0.58 -7.69 5.00 0.23
2% 79 309 2225 6 3 1 3.3 -2.37 -6.96 1.36  0.25
F31 79 309 2350 7 0 7 1.8 -0.96 -7.10 1.29  0.06
74 79 314 2124 4 1 7 1.8 -0.60 -6.83 3.23 0.24
321 79 320 2040 2 1 3 .5 0.90  0.17 5.00 0.23
B25 79 321 10 6 2 3 1.4 1.22  -8.85 8.9  0.22
344 79 323 151 4 4 7 2 -1.82 -1.92 6.98  0.13
Bs7. 79 324 2251 6 4 3 2.4 -0.13  -6.99 7.84  0.15
g386 79 329 1843 4 3 7 2.0 -0.90 -8.07 6.49  0.38 930 m contour 2050 k.
418 79 403 2258 7 2 7 2.5 0.54 -6.74 7.40 0.06 930 m contour 7200 ki
620 79 509 2326 2 1 7 1.3 1.70 -6.50 5.00 0.62 930 m contour 226 ke
79 510 1214 4 2 3 2.0 0.74 -2.14 7.40  0.05
79 511 124 3 0 7 2.1 2.46 -6.58 5.00 0.00 930 m contour 1900 k¢
79 515 2715 5 0 7 2.3 -4,00 -6.30 5.00 2.08 930 m contour 4200 k¢
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i,j
J Table 6. Explosion Earthquakes and Events Near the Dam Site
3 (continued)
ile
No., Yr. MD  HM NP NS 1IQ MB X (km) Y (km) Z(km) S Explosion
]852 79 522 2321 4 0 7 1.6 930 m contour 650
865 79 523 2323 3 0 7 2.7 1.83 -6.35 5.00 0.13 930 m contour 2925
]871 79 524 746 3 0 7 1.3 0.79 -6.79 5.00 0.00
71881 79 525 2325 4 0 4 1.6 1.00 -5.80 4.70 0.01 930 m contour 150
%923 79 530 2323 1 7 1.3 1.70 -6.50 5.00 0.01 930 m contour 450
1935 79 601 1754 4 0 7 2.8 -0.50 -8.90 0.00 0.00 930 m contour 3076
j973 79 605 1114 4 2 7 1.3 0.38 -8.36 5.00 0.20
' 79 609 1803 3 0 5 2.5 2.90 -5.90 5.00 2.70 930 m contour 1100
79 614 2327 4 0 7 1.8 1.00 -10.60 5.00 0.47 930 m contour 484
79 621 742 5 0 3 2.5 -0.11 -8.27 3.03 0.15
1051 79 624 114 4 1 7 9 -0.12 -8.64 0.31  0.19
‘054 79 624 1644 4 0 7 .9 -0.09 -8.23 3.18 0.01 930 m contour 175
059 79 625 2323 4 0 7 1.0 1.15 -7.,92 5.00 0.27 930 m contour 176
1060 79 626 823 4 0 7 0.9 2.90 -10.50 5.00 0.32 930 m contour 180
664' 79 627 1019 6 2 7 1.1 -0.93 -8.23 0.67 0.03
ﬁ073 79 @28 2324 4 2 7 .7 -8.84 -7.75 0.96 0.16
11077 79 629 1906 6 1 7 1.3 0.50 -11.90 5.00 0.80 930 m contour 1325
;1079 79 629 2210 6 4 2 .9 -3.58 -8.35 1.88  0.37

ky

k¢

kg

ke
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Table 7. Annual Number of Earthquakes and Recurrence Time

log N =2,71 - 0.59 Ms

Surface wave magnitude

Ms ' 5.0 5.5

35

6.0 6.5 7.0 7.5
log N -0.24 -0.54 -0.83 -1.13 -1.42 -1.72
Exact count (per year) —
N 0.57 0.29 0.15 0.074 0.038 0.019
Recurrence Time (year)
1/N 1.74 3.5 6.8 13.5 26.3 52.5
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FIGURE CAPTIONS

Pueblo Viejo-Quixal seismograph network, location of
the-stations.

Magnification curve of the seismic monitoring system,
Drum recorder is operated at 10% of attenuator setting.
Block diagram of the seismic monitoring system.
Seismogram, played back from magnetic tape compressed
scale playback (1 mm/sec).

Seismogram, p1ayed.back from magnetic tape expanded scale
playback (10 mm/sec).

Comparison of the standard error of the epicenter deter-
mination. S1 is the error from the drum recording sys-
tem and S2 is the one from the improved recording system.
Duration + time (t) versus the body wave magnitude (mb).
my is reported by the National Earthquake Information
Service, U. S. G. S.

Magnitude of explosion earthquakes versus yield of ex-
plosion (in kg).

Distribution of events in the vicinity of dam site.

x is an earthquake and + represents an explosion event.
The number attached is the file number of an event
(Appendix II).

Distribution of regional events and possible linearments

(Zone A through D).

Cumulative number of earthquakes versus magnitude.
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Appendix II. Lisf of earthquakes recorded by the Pueblo Viejo-Quixal

Column

Seismograph Network
(February 13 = July 2, 1979)

Description

Identification number,

Hour and minutes, G.M.T. (to calculate local time,
Second of the origin time, a decimal point should
be assumed between 2nd and 3rd digit)

Number of P-arrival reading

Number of S-arrival reading

Quality number, ranging 1 through 5, 1 being the
most dccurate reading. 6 signifies a distant

earthquake and 7 is an explosion event.

Number of iterations carried out during the
epicenter calculations

Magnitude x10, magnitude is calculated based on

Longitude of epicenter (in degree)
Latitude of epicenter (in degree)

Distance measured from the central station
(eastward positive)

Distance measured from the central station
(northward positive)

Depth; if a negative depth is obtained ddring
the iteration process, the epicenter program
automatically fixes the depth at 5.0 km and X
and Y are calculated.

Standard error for X (in km)

Standard error for Y (in km)

Standard error for Z (in km)

Abbreviation

1 NO

2 YR Year,

3 MD Month and Day
4 HM

subtract 6 hours)

5 S

6 NP

7 NS

8 IQ

9 ITR

10 MAG

the duration time.

11 LONG

12 LAT

13 X

14 Y
15_ DEPTH
16 DX
17 DY
18 DZ
19 S

Standard error for origin time (in sec)



S; , STANDERD ERROR FOR DRUM SYSTEM

Fia, 6

S2 , STANDERD ERROR FOR
HIGH RESOLUTION SYSTEM



Fiq, 7

1,000~

600+

IS “3IWIL NOILVHN

400

<Y
.mﬂ..”,.u - \l’llal‘ i v of

200 ~




Fic. 8

10,000

lll]ll

|

, 1,000 —

| =T

I~

9 .o" B
1

:1 J [~
=

100 etV s v vt by vt s bi iy

I 2 3
My




\ / Fig. 9

STATION 1

R7
o “iro, S ::><§E§

99

58 P
)

STATION 2

.
274_.*_ A 871
23p | 4
230 - _

707 357
10734 1054 4217

- 386:%j K on -]
><1o79 106 1039 973 33

o :;§g: 14-

631

IZEN




Tj"j“Tﬁﬁﬁ‘lﬁﬁﬁlwﬁﬁjﬁjﬁﬁﬁ"jjTjﬁﬁ

X




Fie. 1

o

N ‘ SAMYNOHLIYVYI 40 ¥3IgWNN




APPENDIX I -- Specification of theADelay—Memory;Trigger System

3 DELAY LINE DL-100
% The purpose of tne delay line module is to delay a seismic analog
signal for a fixed time period. Switch selectable delay times of
1 10, 20 and 40 seconds are available. A bypass position is also provided
‘ for system checkout. The 2 input and output jacks are paralleled for
] ease in cabling.
]
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CD-300
SPECIFICATIONS
| INPUTS: 8, on with CMOS logic low or contact closure to
3 ground. Unconnected inputs are off.
’ EXTERNAL ) On with CMOS logic low-or contact closure to
~ TRIGGER: ground.
“ TEST: Momentary contact push button turns output on
- for duration of internal timer.
RESET: Turns output off. Note that if coincidence or
an external trigger is present system will
] , restart.
| OUTPUT: Contact closure, isolated from system ground.
B 10 VA or 0.5 amp max or 100 VDC resistive
1 (Reed Relay).

INTERNAL TIMER: 2 to 255 seconds, 1 second increments. Set by
switches on printed circuit board.

COINCIDENCE: Coincidence is detected with either any 2 of the
total inputs on or any 3 of the total inputs on.
The 1inputs may be placed in any of the eight
locations, unused inputs are ignored.

3 POWER: +5 VDC 1 MAIDLE

20 MA RUNNING

PHYSICAL: Standard 2" wide module
Overall 2" x 5%" x 10%" deep

|




COINCIDENCE DETECTOR (CD-300)

The purpose of the coincidence detector module is to take logic
signals from.external event detectors and turn on a recording

device when preset coincidence parameters are met. Any number
of inputs between two and eight may be gsed. Unused inputs are
ignored by the system. A front pane] switch selects either any
two of the total inputs or any three of the total inputs on to
provide a coincidence output. The output remains on as long as

these input conditions are met. After coincidence is Tost an

~ internal timer starts, keeping the output on until the preset

time period is over. This time period may be set in the range

of 2 to 255 seconds, depending on needs. This feature provides
minimum recorder run time, with short events, so a full time code
cycle can be recorded. Test run and reset functions are also
provided, along with an external input that turns on the output.
This feature can be used for special fecbrding periods irregardless

of the coincidence inputs.
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INPUT:

OUTPUT:

TEST:

RESET:

RATIO:

DELAY:

POWER:

PHYSTICAL

SPECIFICATIONS

+ 5 volt peak to peak
seismic signal
100 k ohms

CMOS Tlogic Tow
on trigger

Momentary contact
pushbutton simulates trigger

Momehtary contact
pushbutton resets trigger logic

Selects ratio of_short term average (1 sec)
to long term average (100 sec) to enable
trigger. Ratios available are 1.4, 2, 2.8,
4, 5.6, 8, 11.3 and 16.

Delay time between loss of trigger and loss
of output.
Switch selectable, 20 or 40 seconds.

+ 15 VDC 10 _MA IDLE, 10 MA RUNNING

- 15 VDC 10 MA IDLE, 10 ___MA RUNNING

+ 5 VDC 1 MA IDLE, 20 MA RUNNING
(NOTE: Power is for both units in module)

Standard 2" wide module
Overall 2" x 54" x 10%" deep.

TD-200



TRIGGER DETECTOR TD-200

The purpose of the trigger detector module is to detect the onset of
a seismic eveﬁt. This is a dual module and contains two independent
trigger detectors. Input is an analog seismic signal and output is a
Tow going CMOS logic level. A trigger is detected by comparison of

a short term average signal with a long term average signal. The
short term average is one second: The long term average (background
average) is 100 seconds. A switch is provided to select the trigger
ratio between the short term over the long term average. There are

eight steps from 1.4 to 16 ina 2" sequence.

After a trigger is detected the output will remain enabled (low) for
the duration of the trigger plus 20 or 40 seconds (switch selectable).
This allows coincidence to be detected over large arrays for short
events. After ten minutes of continuous trigger the background average
is unclamped and allowed to rise. This, in effect, will 1imif trigger-
ing on major events to approximate]y 12 mins. The unit will retrigger .
any time the preset ratio is exceeded. Push buttons are prdvided

for test trigger and reset. |
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INPUT:

QUTPUT:

DELAY:

BYPASS:

POWER:

PHYSICAL:

SPECIFICATIONS

+ 5 volts peak to peak max

.01 to 15 ‘Hz, 6 db points

100 _k_ohms typical

+ 5 volts peak to peak max
(same as input)
0.1 to 15 Hz, 6 db points

10 ohms

Switéh selectable .
10, 20 or 40 seconds

Connects input jack

directly to outpit

Note that during bypass signal is
still going into delay line.
+15VYDC 15 MA

- 15vyDC 10 MA

+ 5 VDC 1T MA

Standard 2" wide module
Overall 2" x 5%" x 10%" deep.

DL-100
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