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, FINAL REPORT

AID-CIW-IGP Seismology project for Peru.

Executive Summary

The primary object of this project was to provide timely, high quality seismological

information to the relevant authorities so that informed decisions could be made about

hazard assessment and mitigation. The technology and training supplied is that which has

been deemed to be most promising in other regions with a large earthquake threat. For

example, both Japan and California~employ high resolution seismic networks in conjunc

tion with sensitive strain monitoring arrays to help evaluate the state of stress in their

earthquake-prone regions. This equipment is expensive and therefore implementation of

functioning networks required a substantial infusion of outside funds.

It is not the function of AID-CIW to provide long term operating funds for such

networks nor is it AID policy. In order for this project to be considered a success the

Peruvian government had to establish a stable funding base. It is gratifying that this

has developed from the earliest days. For this project, the IGP built an earthquake-proof

building to house the computer and data processing equipment, surrounded by offices and

workshop facilities. The funds dedicated specifically to the operation of the AID-CIW-IGP

network increased from $16,000 in 1985 to $121,000 for 1988. An additional $82,000 has

been made available in the current fiscal year for further equipment purchases. It should be

realized that this substantial funding is being provided by the Peruvian government even

though the Peruvian economy is in a very bad state at the moment. The total support

by Peru, including salaries, for the six years 1982 - 1987 is $2,154,938 (see Appendix 3,

pages 118-119). This appendix also indicates the large number of personnel; seismologists,

analysts, and technicians who are involved in the project.

The improvement in the operation of the real time earthquake locating system is

documented in pages 124 - 126. In July 1983 only about 25 events were detected every

month. By December 1986 nearly 100 events were located every month. The system
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downtime similarly improved from an average of more than 10% to a few percent over the

same period.

. One of the important goals of the real time system is. to notify the civil defense

authorities if a damaging earthquake occurs and to indicate its exact location. Before this

system was installed it often took days before help could be sent to a severely damaged

village because the location of the earthquake was not known and communications were

down. Once the system became fully operative, it has been demonstrated that the Civil

Defense authorities are notified of the location and magnitude ofa potentially damaging

earthquake within thirty minutes of its occurrence. The normal duties of the Seismic Alert

personnel are described in pages 16-24. In addition, the monthly bulletins (see pages 97

114) alert the authorities to any changes in the seismic.ity which may indicate increasing

hazard. The data and analysis listings are supplemented by maps (page 108). If there

seems to be unusual activity, this may be. high-lighted in a large scale map such as shown

in page 114 to draw the attention of the authorities (e.g. civil defense) to the area. In the

future, this will be supplemented by the observations of the strain changes.

The maps on pages 88, 89, and 90 show the location of the seismic stations and

the strainmeters, respectively. We emphasize that despite the complications of increased

terrorist activity, all instrumentation described in the original proposal has been installed

and is functioning.

There remain two major problem areas. The number of personnel trained to the re

quired level to efficiently operate the sophisticated equipment and to interpret and ana

lyze the data is the barest minimum. Dr.- Ocola has a University of Wisconsin Ph.D de

gree and is a first class scientist. More of the promising young scientists should be trained

to the same level. Edmundo Norabuena has attended computer courses in Massachussets

(see pages 128, 129) but one should not have to rely on only one expert. Norabuena should

also be given schooling in seismology to make him even more effective in the program.

The number of replacement components is marginal. Currency restrictions make

purchase of non-national (e.g. US made) equipment very time consuming. Unexpected
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damage by lightning, the desireability of only short visits to areas with a terrorism hazard,

requires a ,good stock of parts. Therefore more telemetry equipment is required in order

to have the strain signals available in .Lima in real time.

The highly capable functioning analysis system with its support personnel provides

an opportunity for further hazard mitigation in Peru with minimal expense. The threat

posed by renewed activity at volcano Misti near Arequipa could be monitored if telemetry

equipment and seismometers were supplied. A network around the Chirapiura dam in the

north is telemetered to Lima and the seismic activity is monitored there. The telemetered

stations are shown on map page 89.

All the relevant material purchased under this AID grant (pages 12, 81-83, 92, 130,

131) has now been transferred to the IGP in Lima, and the operation has become essentially

a purely Peruvian enterprise.

Yours sincerely,

I. Selwyn Sacks

Principal Investigator

AID-CIW-IGP seismology project
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Execution, Implementation, and Investigation

Science Department for
SOLID EARTH PHYSICS:

APPLIED GEOPHYSICS

I



SUMMARY

This current document summarizes the actions executed under the AID-CIW/IGP SEIS
MIC NETWORK Project subject to the "Technical Cooperation Agreement in Seismol
ogy", signed by CIW and IGP in order to further the knowledge of seismicity and pro
cesses which give rise to the earthquakes in the country.

Upon concluding the Project, the principal objectives have been reached, namely:

A Center for the Real-Time Processing of Seismic Signals has been established.

An Automatic System for Seismic Alert in Real-Time has been partially established.

A Radio-Telemetry Seismic Network has been established.

A seven-station Dilatometer Network has been established.

The implementation of a Geophysics Information System has been initiated.

The execution and implementation of the Project is in the care of la Direccion de F{sica
de la Tierra Salida: GeoJ{sica Aplicada (The Solid Earth Physics Department: Applied·
Geophysics). In its initial stages it was in the care of la Direccion de Sismolog{a (The
Seismology Department) under the direction of Dr. Daniel Huaco. The operation and
maintenance of the stations in the Project's networks have been under the direction of la
Direccion de Servicios Tecnicos (the Technical Services Department).

The magnitude of IGP's effort can be judged by the number of scientific staff, professional.
and technical, who have participated (64), and the funds which were put at the disposal
of the Project; the following is a summary:

1. Execution and implementation:

A. 14-people (wages and remunerations)
B. Funds for implementation

2. Operation and maintenance
A. 50-people (wages and remunerations)
B. Operation and maintenance

US$ 73,296
106,000

1,471,950
682,988

The total cost is , US$ 2,334,234

.,.
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1. INTRODUCTION

The prerequisites for following the evolution of seismic activity in the Lima area, as high
lighted by Dr. B. Brady's prediction of catastrophic earthquakes, points out the precarious
situation of the Instituto Geofisico del Peru (IGP)~ as to warrant:

i) access to technical information which is trustworthy and of good quality immediately
after a seismic event has occurred.

ii) prompt diffusion of information to el Systema National de Defensa Civil (the National
System of Civil Defense) for the taking of immediate preventive measures.

iii) a Geophysics Data Base which would permit the rapid verification of the occurrence
of predicted.premonitory events, and permit one to compare them with the seismic
activity of severe earthquakes having occurred formerly in the same area.

Faced with this situation, and after having established permanent contact between AID
Washington (USA) "authorities, Dr. B. Brady, and IGP, with the support from U.S. Geo
logical Survey (USGS) in the beginning and later with the participation of the Carnegie
Institution of Washington (CIW); the idea arose of implementing a data acquisition system
which would resolve, at least in part, the 3 prerequisites mentioned in the lines above.

The AID-CIW/IGP SEISMIC NETWORK PROJECT is a joint effort between CIW
and IGP, with financial support from AID and IGP (Investment Project 101010: AID
CIW/IGP NETWORK) for which a "Technical Cooperation Agreement in Seismology"
was signed between CIW and IGP. The Principal Investigator of the Project, on the part
of IGP, since its beginning until June 1986, was Dr. Daniel Huaco in the area of Seis
mology. The administration of the Project passed to la Direcci6n Cientifica d~ Ffsica de
la Tierra S6lida: Geofisica Aplicada (the Science Department for Solid Earth Physics:
Applied Geophysics) since September 1986.

.In accordance with the organic structuring of IGP, la Direcci6n de Servicios Tecnicos
(Technical Services Department) - formerly Oficina de Servicios Tecnicos - is responsible
for:
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1. the installation of the Project's seismic stations.

2. the operation and maintenance of the Project's seismic stations and dilatometers.

3. the analysis and dissemination of seismic information.

The final report of this unit's participation is presented in Part II.

On the other hand, the processing of information from the dilatometers, as well as special
investigations concerning specific problems is the responsibility of the Applied Geophysics
Staff.

In the current report the principal successes gained from the Project are summarized.

2. Objectives

The AID-eIW/IGP NETWORK PROJECT objectives are:

i.) to establish a Center for Processing Seismic Signals in Real-Time,

ii.) to implement an Automatic System for Seismic Alert in Real-Time,

iii.) to implement a Geophysics Information System for the seismic prognosis of the na
tional territory,

iv) to set up a Radio-Telemetry Seismic Network, and

v) to set up a Network of dilatometers (Volume strainmeters),

with the purpose of furthering the knowledge of seismicity and processes which give rise to
the earthquakes and the tectonics of the central region of Peru, and furnishing information
in real-time to el Systema Nacional de Defensa Civil (the National System of Civil Defense)
for the taking of preventive measures in the event of strong earthquakes.

2
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3. CENTER FOR AUTOMATIC PROCESSING OF SEISMIC SIGNALS IN
REAL-TIME

The purpose of this Center is to answer the needs of digital computation and information,
in order to:

1. Implement the Geophysics Data Base which allows one to conduct studies aimed at
seismic prediction.

2. Give support to the services dedicated to the distribution of seismic information, in
response to requests of national or foreign users.

3. Support scientific research and services which IGP renders in its area of competency,
in particular:

- "To investigate the environment and to 'study the procedures which allow one to
forsee and reduce the destructive impact of disasters which are natural or induced
by man" (Art. - 5to. d, Ley Organica IGP, D.L. 136).

- "To establish and maintain a Geophysics Data Bank with results and data from
the works or study or exploration projects which cease being strategic for the .
public or private sector which is producing them" (Art. 5to. m, Ley Organica
IGP, D.L. 136).

The core part of the Center consists of computers and peripherals acquired with funds
from AID through DTM-CIW, and those things which were acquired with national funds.

IGP has contributed with the following equipment:

1. Smart terminals:

• 3 micros Multitech ACCEL 900H with their printers and 40- and 80-megabyte
hard disks

• 3 HeathkitH-90-A micros

• 1 digital-satellite clock, Kinemetrics.
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2. An AMLC 5154F Controller for the 2655 PRIME computer. The computer was ac
quired without "a controller. This addition will allow one to connect 16 additional
terminals to the 8 existing ones.

3. A 300 megabyte PRIME disk. It is the only one which presently functions. The disk
that came with the PRIME 250 computer does not function.

With the funds from AID the following equipment was acquired for the Computer Center:

• 1 PRIME printer

• 1 Tektronix graphics terminal

• 2 PT-25 PRIME terminals

• 1 digital printer

• cabinet for tapes

• 2 recorders for magnetic tape

• 1 64-megabyte disk unit

• PRIME 250 computer

• 490-megabyte disk unit (new)

• PRIME 2655 computer (new)

• 1 playback unit, Kinemetrics.

The Center is administered by a Direcci6n de Informatica (an Information Department),
where three people and a director work. This department is charged with the preventive
maintenance of IGP equipment: peripherals, microcomputers, terminals, and it coordinates
the maintenance of equipment acquired from PRIME, USA, with funds from AID.

The computer systems of the Center are compatible with the IGP Computer Center at
the Radio Observatorio de Jicamarca (ROJ), while overflowing with efficient support for
scientific research.

The Center is the principal tool of IGP's Servicio Sismo16gico (Seismological Service). Its

4
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functions and duties are described in Appendix A. The Center also lends support to la
Direcci6n Cientifica de Ffsica de la Tierra S6lida (the Science Department for Solid Earth
Physics) where the following projects are currently being conducted: "Development of
Methods for Seismic Prediction" , under the direction of Tech. Ernesto Deza, "Geologic and
Volcanic Hazard", under Dr. David Huaman, and "Seismic Microzonification", "Seismic
Hazard and Regional Geodynamics", "Gravimetry", and "Terrestrial Magnetism", under
direction of Dr. Leonidas Ocola.

The Center also lends support to the Science Department for Remote Sensing and Atmo
spheric Phenomena, whose principal project is the "Study of the EI Nino Phenomenon",
under the direction of Dr. Pablo Lagos, and "Numerical Simulation of Tsunamis along the
Peruvian Coast", under Dr. Carlos Carbonel.

An important support which the Center gives is the interconnection of peripherals which
permit the reading of cassette tapes from the seismic event recorders directly into the
PRIME computer. IGP currently has seven DRlOO's from Sprengnether and six PDR1's
from Kinemetrics. These units are particularly useful for the studies of s~ismic aftershocks
following a severe seismic event and for the study of local seismicity.

The Center also offers services to IGP's Central Administration in accounting and person
nel matters. .

With the budget of the 1987 fiscal year, 2 digitizers with tablets of high resolution and
precision will be acquired. One of them will be dedicated to the reading of analog seis
mograms and the other will support the jobs and projects concerning earth sciences and
engineering seismology. This latter digitizer will be used, in addition, for the digitization
of the records from the Project's 7 dilatometers.

For the year of 1988, the acquisition of a digital flatbed plotter which permits one to make
maps has been tentatively approved. Also, the acquisition of more smart terminals has
been put on the agenda.

4. AUTOMATIC SYSTEM FOR SEISMIC ALERT

The Automatic System for Seismic Alert consists of the Radio Telemetry Seismic Network
and the software "Autoseis" acquired with funds from AID for the detection of seismic
events in real-time.

The system is monitored permanently by an on-duty operator who not only watches over
the functioning of the Computer Center, but also reprocesses and verifies the "correct"
location of felt seismic events in the national territory and/or those with magnitudes of
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4.2 mb or greater (Appendix A).

Due to the geometry of the seismic "array" of the Radio Telemetry Seismic Network, and to
the reduced number of seismic stations which contribute seismic information in real-time,
the system continually is "assisted" by the operator, who complements the information
derived through the controls of the "Autoseis" with information from semi-portable or
teleseismic stations which are not connected to the Radio Telemetry Network.

The information which is produced is immediately reported to the Defensa Civil (the Civil
Defense) and to the government authorities. This is the information which the Defensa
Civil (the Civil Defense) uses to activate or not activate its emergency aid system.

In addition, el Servicio Sismol6gico (the Seismological Service) counts on the telephone
exclusively for immediate communication with el Servicio de Hidrografia y Navigaci6n de
la Marina (the Marine Hydrography and Navigation Service) for responding to tsunami
messages. IGP operates the "Maremoto (seaquake)" station, integrated with the "Sistema
de Alerta Contra Tsunamis" (Alert System Against Tsunamis) with its center in Honolulu,
Hawaii, USA.

The information which this "Automatic System for Seismic Alert" produces takes shape
in the Preliminary Seismic Bulletins which IGP publishes and distributes locally.

The system is 90% implemented and functions efficiently. Improving the area of archiving
and processing of seismic information is expected to happen in the next fiscal year.

5. GEOPHYSICS INFORMATION

IGP, in the area of research and studies, has set up seismic catalogues, Data Bases in,
gravimetry, magnetism, geophysics and seismology engineering. In order to make it effi-
cient, the formal development of procedures for information management, administration,
and distribution is required. This is an area of recent creation and it is expected to be
developed in the following years.
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6. RADIO TELEMETRY SEISMIC NETWORK

The Radio Telemetry Seismic Network consists of instrumentation stations with equipment
acquired with funds from AID (7 stations) and of IGP's own stations and of those stations
from agreements with other national institutions.

IGP has made great efforts to install and keep operative the Radio Telemetry Seismic
Network which is set up in the central part of Peru. The network is made up of the
following Stations: (Fig. 1):

Station· Lat.(S) Long.(W) Elev.(m)

1. Ancona 10.851 75.957 4800
2. Chiclayo 06.765 79.865 0060
3. Guadalupe 13.992 75.783 0550
4. Juni 11.549 75.754 4480
5. Morro Solar . 12.181 77.031 0278
6. Pajonal 10.639 75.288 2800
7. Paracas 13.829 76.331 0220
8. Quilmana 12.943 76.437 0510
9. Pta. Salinas 11.236 77.611 0282
10. Sante Fe 11.677 76.193 5200
11. Suche 11.960 76.549 2880

The seismic stations of Chiclayo and Eten in the northern part of the country have been
integrated through transmission of seismic signals via microwaves.

. . .

On the other hand, instrument sheds have been constructed at the stations in Cosmos and
Pajonal. However, due to the social situation of the country in the last years, it is very
risky to go to the installation.

In addition to the normal radio telemetry seismic stations, during the current fiscal year,
one expects to install five mobile elements of a portable radio telemetry seismic network
of short range in the Lima Metropolitan area.

For the next year, el Ministerio de Economia y Finanzas (the Ministry of Economics and
Finances) approved, at first request, funds for three complete radio telemetry systems.
These systems will be installed in the lea area, to the south of the current Radio Telemetry
Seismic Network, if the seismic activity continues to be intense in this zone, if not, they
will be installed in southern part of Peru and they will be interconnected to the

7
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"Center for the Automatic Processing of Seismic Signals" via microwaves.

7. DILATOMETER NETWORK

During the period from September 1986 to March 1987 the drilling of the holes for the
housing of the dilatometers supplied through AID was completed. The dilatometers were
installed by CIW in February-March 1987. The dilatometer network is shown in Fig. 2.
The whole apparatus was acquired with funds from AID. The technical reports concerning
the drilling of the holes at Lachay, Songos and Pampa-Blanca is presented in Appendix B.

The stations which constitute this network are:

Station Lat.(S) Long.(W) Elev.(m)

1. Nafia 11.987 76.842 0575
2. Quilmana 12.943 76.437 0510
3. Guadalupe 13.992 75.783 0550
4. Paracas 13.829 76.331 0220
5. Lachay 11.21 77.21 0175
6. Songos 11.52 76.28 1700
7. Pampa-Blanca 13.29 75.28 1600

During the 1987 fiscal year the construction of the instrument sheds at the three last
stations will be finished. To date, the instrument shed at Pampa-Blanca needs to be

o
constructed and the one at Songos needs to be finished (it is fully underway).

The stations at Naiia, Quilmana, Paracas, and Guadalupe are producing very interesting
recordings. A professional physicist has been hired to convert the analog information to
digital and to process the information in order to keep the evolution of the deformation
in the central region of Peru up to date. For digitization one will use the digitizing table
with high precision and resolution which will be acquired this current year.

The stations at Pampa-Blanca, Songos, and Lachay are in a process of stabilization. The
installation of the solar cells at these stations has been programmed for the next year.
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8. PASSIVE SEISMIC EXPERIMENT: CENTRAL-EAST SUB-ANDEAN
ZONE

IGP participated using its staff and its own equipment in the passive seismic experiment in
the central-east sub-Andean zone of Peru. This experiment was directed by CIW through
Dr. J. Schneider, and was carriedout during the months from May to August 1985.

IGP participated with a complete brigade of 3-people, vehicle, and 5-semiportable seismic
stations. These were operated in the Satipo-Pozuzo zone in the central-zone. The stations
which Dr. Schneider brought, 9 from U. of Wisconsin, 5 from AID/CIW, were installed in
the central-west jungle: Shepahua-Yurimaguas. One station was being set up very close
to the border with Brazil. IGP furnished technical support staff.

The copying of the digital recordings on cassette tapes and the readings of the seismograms
were done in Lima.

9. SUMMARY OF ECONOMIC SUPPORT FROM THE PERUVIAN
GOVERNMENT: IMPLEMENTATION

A. Personnel

The economic support from the Peruvian Government translates into, not only paying
the salaries of scientific and technical staff, and the auxilliary staff dedicated to keeping
the Radio Telemetry Seismic Network operative, but to covering the requirements of
staff in the execution of the Project, processing, disseminating, and filing of seismic
and geophysical information which allows one to further the knowledge of the country's
seismicity.

In this regard and parallel to its efforts in the area of geophysics, IGP began a program
two years ago directed at the evaluation of geologic and volcanic hazard. Various
projects are held with ORSTOM (France), to study: active faults of the Cusco area,
dangerous geological and volcanic faults in the Arequipa zone, and distribution and
dating of the marine terraces along the Peruvian coast. In addition, 3-local seismicity
projects have been executed on the groundwork of the ORSTOM scientific group.

The degree to which the staff at la Direcci6n Cientifica de Fisica de la Tierra S6lida, (the
Science Department for Solid Earth Physics) participated in the project is detailed in
Appendix C. This particular staff has participated in the execution of the Project since
1985 to this date. The wages and remunerations add up to a total of US $1,545,246.

11



- seismometers

12

- antennas

- radio transmitters and receivers

US$ 16,000
US$ 50,000
US$ 50,000
US$ 121,600

1985:
1986:
1987:
1988:

3. Dilatometers: 7 stations.

4. Portable equipment: 5 Kinemetrics PDR1 systems (one of them was vandalized
during the Sub-Andean zone seismic experiment), and one play-back unit.

2. Radio telemetry seismic stations: 7

- signal processors, and

1. PRIME computers: 250 and 2655.

AID contributed to the Project with:

On the other hand, during the current fiscal year, the Peruvian Government assigned
the equivalent of US$ 82,000 additional to the regular operational funds, as part
of the operational funds of the Direcci6n de. Servicios Tecnicos (Technical Services
Department) (Part II, current document), in order to attend to the operating of the
Seismic, Extenso,meter, and Dilatometer Networks.

The funds dedicated specifically for the AID-CIW/IGP SEISMIC NETWORK
PROJECT, through the years are as follows:

A. Equiping the Project

B. Implementation Funds

10. SUPPORT FROM AID
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B. Funds: Supplies and Training

AID contributed generously to the acquiring of electronic parts and components, tools
and work apparatus, and training of a technician in the managing and administering
of the PRIME-Autoseis computer system, and in the training of Dr. Huaco. These
contributions were fundamental to the Project's success.

C. Seismic Experiment of the Sub-Andean Zone

AID furnished funds: materials and travel allowance for the acquisition of seismic
data via the semiportable systems from the University of Wisconsin, IGP, and those
of the Project.

11. CONCLUSIONS AND RECOMMENDATIONS

1. the AID-CIW/IGP SEISMIC NETWORK PROJECT has helped to initiate a new
era in studies and research in the area of natural hazards, in particular with regard
to seismic hazard.

2. The real-time computing system allows one in a rapid fashion to respond to the
need for locating the hypocenters of severe earthquakes for prevention and assistance
purposes, and to respond to the requirements of the Defensa Civil (the Civil Defense).

3. The Geophysics Data Base has allowed IGP to accomplish using one of the mandates
that it has from the Peruvian GoveJ.ilment: the permanent recording of geophysical
parameters, with the purpose of conducting studies and research in order to take
preventive measures, in addition to answering the requests concerning national user
information.

4. The financing on the part of AID and the interest and effort displayed by the Principal
Scientific Investigator from AID has served as a catalysis and pressure to make state
establishments conscientious and to gain economic support for, studies concerning
natural hazards.

5. It is recommended that AID continue the economic support for the training of pro
fessional and technical staff, and the supplying of ele~tronic parts for the 'preventive
maintenance of computers and peripherals acquired through AID.
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6. The response of the Peruvian Government is highly favorable to the development of
the AID-CIW/IGP SEISMIC NETWORK PROJECT (Investment Project 101010).

7. A project is being prepared which allows one to monitor the activity of active volcanoes
in the southern part of Peru.. With this project the installation of a regional office
in Arequipa, where one will obtain analog recordings, is being contemplated. At the
same time, these signals will be transmitted to Lima to the "Center for Automatic
Processing of Seismic Signals in Real-Time", via microwaves. It is recommended
that AID lend technical and financial support for the implementation of the Seismic
Network and other geophysical sensors in the vicinity of the currently active volcanoes
and that the information be integrated with the Central Peruvian Network.

Lima, 05/11/87
LO:ma

Leonidas Ocola

Principal Investigator
AID/CIW-IGP SEISMIC NETWORK PROJECT

Scientific Research Department
for Solid Earth Physics

INSTITUTO GEOFISICO DEL PERU
(GEOPHYSICAL INSTITUTE OF PERU)
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MANUAL OF THE EMERGENCY AND SEISMIC ALERT SERVICE

1. Responsibility

lGP since 1981 has been implementing a "Center for the Automatic Processing of Seismic
Signals in Real Time" at the lGP Central Laboratory, in order to foresee the necessary
media for the response of the Emergency and Seismic Alert Service in Real Time. This
service is part of el Servicio Sismol6gico (the Seismological Service) and is responsible for
the following tasks:

1. Locating in Real Time, earthquakes with magnitudes greater than 3.5 mb, felt or
unfelt, which occur in the national territory.

11. Creating Preliminary Seismic Bulletins of located earthquakes.

lll. Transmitting these bulletins to the Civil Defense Authorities, Government Authorities,
and media for dissemination· in general.

IV. Responding to Tsunami Alerts.

v. Announcing the arrival times of strong regional earthquakes.

VI. Analyzing all the seismograms from the Central Seismic Station, according to the
instructions generated from el Servicio Sismol6gico (the Seismological Service) and to
file the seismic informa.tion daily.

V11. Locating hypocenters when it is possible, processing them.

Vlll. Keeping Seismic Bulletins (in lSC Format) up to date.

2. Personnel

The staff of the Emergency and Seismic Alert Service is made up of:

1. An operator responsible for the operation of the Center for Automatic Processing of
Seismic Signals in Real Time.
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11. An assistant operator responsible for the Seismic System for Analog Recording of the
Central Seismic Station.

111. A person responsible for keeping the Central Seismic Station's analog recording system
operative.

1V. A person responsible for keeping the Central Laboratory's Computer System opera
tive.

The first three people depend directly on la Direcci6n de Servicios Tecnicos (the Technical
Services Department). La Direcci6n de Informatica (the Information Department) will
designate the fourth person.

3. The Objective of the Manual

The objective, of the current manual is to briefly describe the principal tasks which each
one of the members, responsibleJor the response of IGP's Emergency and Seismic Alert
Service in Real Time, must perform.

4. Concerning the Operator of the Center

The operator of the Center for Processing Seismic Signals in Real Time is responsible for
fulfilling the goals of IGP's Emergency and Seismic Alert (in real time) Service. Guidelines
are given below which will help the service to better fulfill its task:

A. The locating of earthquakes

The way in which the various steps for locating earthquakes detected by the Seismic
Telemetry Network proceed, is described in the Autoseis Manual (Autoseis Reference
Manual, 1983). However, in the following lines a summary is given for the following
cases:

1. The Operative Auto3ei3 SY3tem

- Identify the earthquake: small, medium, or large, and whether it is a local or
regional earthquake. In the case of it being noise, erase all the areas where it
registered. In SCAN with DE and DH"to delete it" likewise from Keymaster.
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- The earthquake processed in real time by the system will have to be checked on
the Tektronix, verify beforehand whether the time has been decoded (KEYMAS
TER), not to be decoded (see B), otherwise, check the P phases which the system
has taken, read the possible S phases, modify the weight and polarity options if
it is necessary and go back to locating it.

- Utilize all the SCAN routines.

- Run the data obtained with the FASTHYP01 program.

- 1£ it is an earthquake which possibly has been recorded in Huancayo, Tacna,
and/ or Arequipa, request the information and recalculate the hypocenter.

- Compare the results and put the observations on the same output list.

11. The Inoperative or Non-Activated Autoseis System

When the Autoseis System is not operative or the time has not been decoded.

- Proceed in obtaining the data off the seismograms from the recorders of the
Central Seismic Station's analog recording system.

- Run FASTHYP01 with the data obtained.

- When the earthquake is of a magnitude greater than 4.0 mb or has been felt
somewhere in Peru, prepare the Preliminary Seismic Bulletin and immediately
report it to Defensa Civil (Civil Defense), writing down the time and the person
who received it. The Bulletin must go out with the name and signature of the
operator-analyst.

- When the earthquake is located near an important city, make a phone call to
this city or surrounding areas in order to evaluate the il1tellsities. Write it down
in the correspo~dingPreliminary Seismic Bulletin. The data file for the entering
in to FASTHYP01, load it into the EMERA file of the corresponding month.

lll. N on- Operative PRIME Computer

Proceed in obtaining data off the seismograms from. the I""corders of the seismic
station's analog recording system.

Proceed in obtaining the hypocenter on the Heathkit, only when stable conditions

18
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of electric energy exist, otherwise utilize another calculating unit. Also, use the
3-pt. graphical or compass method.

If the earthquake is of a magnitude greater than 4.0 mb or has been felt somewhere
in Peru, prepare the Preliminary Seismic Bulletin and immediately report it to
Defensa Civil (Civil Defense), writing down the time and the person who received
it. The Bulletin must go out with the name and signatureof the operator-analyst.
If the earthquake is located near an important city make a telephone call to this
city or the surrounding areas in order to evaluate the intensities. Write it down
in "the corresponding Preliminary Seismic Bulletin.

As soon as the PRIME is' operative the epicenters of the calculated earthquakes
will be processed with FASTHYP01 and loaded into EMERA. THIS IS THE
RESPONSIBILITY OF EACH ANALYST WHEN THIS HAPPENS
DURING HIS SHIFT.

B. Preliminary Seismic Bulletins

Once the earthquake is located, the Preliminary Seismic Bulletin of this event with
the results from the computations carried out is prepared. These computations will
be completed with the microseismic intensities information which would have been
obtained from populated centers neighboring the epicenter.

The Bulletin must be identified by a correlation number, by having the last two digits
as new initials. This document, likewise, will have to be signed by the Operator
Analyst.

C. The Transmission and Dissemination of the Bulletins

1. Once the Preliminary Seismic Bulletin is prepared, the Defensa Civil (Civil De
fense) will have to be informed, for this reason the Bulletin must be read. The
time of the information's transmission and the name of the person receiving the
Bulletin must be written down. In the event that no one answers the phone at
the Defensa Civil (Civil Defense), write down this fact.
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11. In cases where the media solicits information about a felt seismic event, the
operator would confine himself to reading the Seismic Bulletin, while making the
same annotations which he made in the Defensa Civil (Civil Defense) instance.
The operator must abstain from making comments.

lll. Make the occurrence of the seismic event known to la Presidencia Ejecutiva
(the Executive Chairmanship), Direccion Tecnica (Technical Department), la Di
reccion de Servicios Tecnicos, y Fisica de la Tierra S6lida (the Technical Services
and Solid Earth Physics Departments) in the cases where the magnitude is larger
than 4.7 mb.

D. Response to Tsunami or Seaquake Alerts

IGP is part of the Alert System concerning Tsunamis in the Pacific. It is very impor
tant to promptly answer the requests which are received.

The reception and response procedures are described in the Appendix.

1. When the earthquake is strong and it occurs in the ocean next to the Peruvian
s,hores, one must begin a message.

E. Strong Regional Earthquakes

In case there is a strong regional earthquake call CERESIS, limiting oneself to giving
the P anG. S arrivals from the seismic stations with the universal code, which is the
one that appears on the list of stations as Cod. 2. If one can read a S phase, it is
possible to approximately estimate what the distance is in degrees to the epicenter,
and depending on the arrivals at the stations, the direction of the earthquake. This
information will be given to CERESIS and to Defensa. Civil (Civil Defense) if they
solicit it. Also prepare a Tsunami message and transmit it to Corpac (see Appendix
1).

F. Seismogram Analysis and Information File

1. Analyze and process the Central Seismic Station's seismograms corresponding
to his shift: amplitude, periods, etc. The final data must be entered in to the
Seismic Bulletin File - ISC Format.
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11. When necessary or when the tape on which the earthquakes are being recorded
is full: Make CHANGETAPE, and immediately make DAYTAPE.

iii. Make the earthquake file (ARCHTAPE). Preferably in the afternoon or at night.
The loading of the earthquakes on the disk (DAYTAPE) and ARCHTAPE will
be the responsibility of one person, in rotating shifts of a month's duration. If by
some emergency DAYTAPE has become full, advise the person responsible with
a note and write it down in the log notebook.

IV. Check the "CATALOG" (make sure that no events are introduced repeatedly).

v. Append to the EMERA file the data from NNA, HUA, and any other seismic
station depending on the location of the earthquake.

G. Other Chores

1. For the fulfilling of goals set within the Emergency and Seismic Alert Service, the
operator-analyst will have to complete the tasks which his immediate superior
assigns to him.

11. With the support of the assistant Operator, the operator will watch out for keep
ing the Central Seismic Station in good operating condition: analog recorders
and tele~etry equipment.

lll. Upon starting his shift, taking over the duties of the operator that he replaces.
After ending his shift, delivering his duties to the one who follows. In both cases
they will have to sign log-in and acceptance of duty sheets, while verifying the
condition of the equipment or goods which they receive.

IV. The operator on duty must not allow material, work tools, computer items, etc.
to leave the Computer Center.

5. Concerning the Assistant Operator

He is an assistant of the Emergency and Seismic Alert Service and is at the service of the
operator of the Center for Processing Seismic Signals in Real Time. His principal chores
are:

1. To keep an eye on the proper operation of the analog recorders in the Central Seismic
Station's recording room.

21,



• the name of the station

• the hour and minute of the last time mark

• the hour and minute of the first time mark.

• the date and name of the station

•

22

• answering the phones at the Computer Center

v. If the computer is functioning poorly and it requires the technician on duty from la
Direcci6n de Informatica (the Information Department), he will have to go and get
him prior to the authorization of the Center's operator.

• making a phone call to the Tacna and Arequipa seismic station, when the earth
quake occurs south of the telemetry network.

• calling the Huancayo seismic station

• taking note of information from the radio concerning microseismic intensities

• the gain and filters of the seismic amplifier

After putting the paper on the drum he will have to write down:

• the gain and filters of the signal processor

• the initials of the one who changes the records

VI. During the night, watching over the premises.

IV. When some piece of equipment from the Central Seismic Station is working poorly, he
will have to go and get the electronic technician on duty for him to repair the defective
unit prior to the authorization of the Center's operator.

11. To change the recording paper and "to fasten it". After taking the record from the
drum, he will have to write down:

111. In the event of an earthquake he will have to collaborate with the Center's operator,
in particular:
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V11. At the change of duty, at 7-8 pm, bringing the operator on-duty,within the city limits,
prior to telephoning the operator.

V111. Taking the operator on-duty, who leaves at 8-9 pm, to his dwelling within the city
limits or to some place where he can make use of public transportation when his
dwelling is outside the city limits.

In the event of any problems or abnormalities, the Center's operator will have to be
notified.

6. Concerning the Person Responsible for Keeping the Computer Center Opera
tive

The technician, responsible for keeping the Computer System of the Center for Automatic
Processing of Seismic Signals in Real Time operative, is nominated by the Director of La
Direcci6n de Informatica (the Information Department) from among his staff.

, His principal tasks are:

1. Keeping the PRIME computer and peripherals functioning properly.

11. Assisting and instruct~ng the Center's operator in the particulars of the Autoseis
System.

111. Instructing and assisting the Center's operator when software problems arise which
he can not resolve.

IV. Being willing to be moved around by the assistant on duty (Driver) at any moment.

In the event of any problems or abnormalities with the units for processing simple data, as
well as with the software he will have to inform the Center's operator and his immediate
superIor.

7. Concerning the Person Responsible for Keeping the Recording System Oper
ative

The person responsible for keeping the analog recording system oper'ative is the electronic
technician on duty. He is desig'nated by the authorized person from the Electronic Labo
ratory and Central Seismic Sta~ion. He will be available for pick up by the driver at any
time of the day, according to the need for his service.
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His principal responsibilities are the following:

I. Keeping the analog recording units, the signal processors, and complementary equip
ment in proper operating condition.

11. Making sure that, in the event of a blackout, the battery supply is in optimum condi
tion.

111. Verifying that the Honda generator is operative and has enough fuel, so that the
assistant operator on duty can charge the battery supply, if it would be necessary.

IV. Making sure that there is enough paper, alcohol, shellac, etc. for the Central Seismic
Station's recorders.

v. Making sure that the records are of good quality.

VI. Giving out the appropriate instructions for the proper operation of the analog record
ing system.

Vll. Delivering the Central Seismic Station's seismograms in the form which the boss of
the Seismological Service designates.

Note': This manual was based upon the' Manual on hand at la Direccion de Servicios Tecnicos:
Area de Servicio Sismologico (the Technical Services Department: Seismological Service
Area).
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VICINITY
OF--------- -_.,... -_..--------_._--
THE EARTHGUA~.E MEAS~: •. C· _---:: ••= TL- ? ;':J-i' E~ SC;..;,..:: ;"~'J;;

WAS LOCATED "'EAR . '-"',' I ... ··'··r"l' 'r",-.. --:""'~_ ~! &. • • -. .......:." •• I ...... ::.

THIS 15 .AN ADVISOR~ ;:~~~.:- ;'!J I~~·.€:S;lcr·.i[3:" :6 'j:J~ERt·:r·.'·

TO DETERMINE THE T5,', :"4 -:-.'E;;'~, .,-c... oJ'Li. 1:£ ;,.:·'T Ir-.i;;.OR;'i:=D·
AS ADDITIONAL INFOR" . :C.: : :'.:': ':ES ;"\,':":L,··.2L"'-

PACIFIC TSUNAMI WAR·~t·~C

AN EARTHGUAKE RECO~~~n

CENTER

C. MENSAJES rIPO BO'~"·· :: ..

i) Texto que se recibe:

ii) Nose d~ Tespuesta

i) Texto ~ue se recibe:

2.0 MensaJe tipo boletin info:":···.. -;i··;:

1.0 MensaJe tipo boletin en i;1.:;,~ij~-~~·'·
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------_.. _- ----
THE EARTHGUAKE MEAS· ... :~'__•• ·~.: ;~- ~I,:r.i;;:A "3':;" E··:~1j

WAS LOCATED NEAR__ ;"1" ~ ':",~~__!..c:...~r'·.i~=:.

THE MAGNITUDE WAS N::i ·S'.····~. Z~'~T TO ..:=>··p.~rE t.. F;CIF'lC ~HnE

TSUNAMI.

ii) No se da respuesta.
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El ~):O i~~a l~call:a~o ~n 19 lona d~ Lu~~~y, Hu~tñc. él 107
~!'1 ,j (- ~: ~ .¡,.•

La ~~r~~T~ci~n ~~ hilO en r~c& gr~~i~lca ccn recuperacion
. ~arcial ~~ t~~~¡S:s

el

:.egun
(lGPi

5. ~. ,
F~-ru

c: U 11~ :. n -a n d o
~ 1 07\ 1::. 8é:-.

03.1:!.C-:'
~i.ttl,,¡Q

,~:~ S~ loc3llta ~n LdC~~~ ~ c~rre~ponde

~~ ~~~r-a!iS~~.n, p~C~ln,;~ ~~ HUaChO.
~~ Lj~~ Su p~sl;i~~ ~~a~r~fic~ e.ta

El :'~~1~ ::~I

le 1 . : 1 !a ':T t. -: ~
.~ f' ¡~ Ca .. ~·it .. J;. r... 1; ~

Lo~ t:'&O~JOi ~, i~Lci~ron ~l

OS. 12. Sé, 'l [.,¡ ~1'l't'="E'9a :~t p(,tlj se

E$~~ i~~a~J~ ~~.~~ ~o~~ ~~incip~i ob:~tivo jn'ital~r un
.J·~~l~~.tro d. ~~t~~~~ ~cn ¡~~~lbii¡d4d d~l orden ciel
lr;··~. -& ,::~ .~~ ~E'ó;~:;~ar 10:\ Oo!':tlr,~al:l!;~ en 1¿l.- t!:lrteza
i; t' :" '; ::. ~ r;;> r.:';'.: '1 :.~ ~ j e-a ~ O'" 1~ e ?!\ ': .i :-: '.';~ a e e t o" .Id i' los
,:~~~:~~ tc~~o~i~o~ ~n e~ ir.~.rior d~ ~Q ~i~r~~

Lea s>T'O-?'ür.~J(H~6 ;:t'cgi'!i·":':~Q"-. i'J~ d~ le\) ro, pE'l"O iSe l1~go a
leo. .;o ~. ,:~" lii.f.lt'tl'l). :~c C3 5;'''-). :Ol,ü'-':éfl1;e 101- of;~~ti90~

~i.·l tr~'!:·:¡ cC~;"i"':!r.:tij;;J (;r.~"'e l~= 9~ IJ l¡;)s :CO.·~O in- Tueron
r(.tI.1p€'r.:.;.'H_ '.: ~i'!~~t'~H (An tl'l,l~ =:aJ..is 1~· :~:é!~-:r..ul l.:is .ili'ima'i
~v~ ;~~~cn ~n~T~¡~~~; ~ ia c~~¡~ia" r~te~t~r~ ~~1 lGP.

3~ re~.. ~·~~.:~ .:::n to!'~;"!1-:0 ;€lid~ ~j. O·" SI ~'j" (; ..:; r-; lJeJiHido cor.:o
~l'ott'cc: 1''::~ del o:u~n: Qf'¡ po:o t..tn. 1;utl.rl~ dE" ';i~rr" d. 1. 16
~ (C~.lni2 ~~ i~n~itu~ , 5. 50' ~e dla~~~~~.
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L~ p~ri~r~;jon ~u~ ~¡~'ut~da ~~r la Cl~. ;EQTE~

~o~~r~~~ ¡~scrl~O ~a~ ~l ¡n~~l~ctQ Cecfi¡it~ d~l

el 13.1:.f3c.

E~~Q p~;~ ~~~\~~;¡~a~~ ~-l-lCF! '~~~titu~~ el te;u~do d~ una
~~rle ~~ ~r.' ~!~il%~d~~ ~~~.n~e la t~~p~n~ 1966, en el
..,.arco <1~lF~r,)'''~'=Tu s-iE-:O S!SI1IC~ ':'IO/<:I~,. ".,roa la in,talélcicn
d~ ~l~~"'~~~~r01 ~~ vQ~~~en
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. d.finid~ po~ 1a~ coordan..d.s 11021'27~S ~ 71~23'13hW.

El acc••o .1 punto e5 por el ka ·107.~d. 1•. c~~Tet.T.

Pana·neric-ar.. nOTte, pas ..nctb el d.,vh. ha, i. 1.s IILoaaas
de L6ch~,·. Ent~~ndo al ca~p..~~tD bDon. Mari.~ del
."ini~terio d. TT..~sport.. •• p.~.tra sobr~ una pista
.i t ruda .p,.~ii'Nd a11'\en te unos -1 lu-: en d¡'-ec c ion n01"te
paTa ll.ga1" 'al lu)ar ind leada, ." el pie d. 1. fald.
o•• t. de 1•• Lo~. de Lacha~. (

. .'

En .~t. lugar' aflora n1tid.~.nte un ~.C110 granttico•
.1 cu.. l ••1"vir~ d••mpl.t~~i.nta al pozo. Este g1"anito'
ap-ar.ce en 1. v.cir.d~d del pOlO co~~ado por di~ues

andlsittcot E-lJ

..,:

El tT.~O cc~p~endido .rtr. 0.00 Q 90.29 o se p.1"io~o con el
.1st.". "do:;;n thehole h c!on ~· .. i,. h-ar.6fr" (OHi:i), 'con diametTo
.... 'O".rl ,"oca .gr..nitic.., lu.20 ·continua -la p"r~or.. cion con'
~di.r.ond drill- CDU) 4.50" de di.~etro ~alta 92.21 m.

. . .
Debido .. ~ue la 1"oca •• '1".~.nta muV dura ~ ha~ poco .vanc~

.e C.""lentA deld·. 0.00 a «;2.21 ero. D••py•• de perforear el
poro con DD 4.'0~ le c~ntlnua. la perfor.cion en 1"oca con el
ni.~o .tsteMoa h..,ta tOO. 40 ~ pero coro NC-3. fOb" Ije dieacr.et1"o.
·D. O. O~ .. 90.29 ro no h.. V 'rec·~p.;"acion de te.tigos. p~1"O si

.. d. 'lO. ~9 ,A 100.40' 11. # I .

En el t".mo ·,."f"O".d'o d.'de «;2.21 a 10~. 40 1ft debido a' ~u~ el
·Granito~. encuentra I~no V sin .1te1"aciones, la cual le da.
.Ita ca~p.t~ncia! •• ot'd=na no in,ect.,. c.~ento

. . .
Flnalnente. '8 ins t:.l. un -tubo de iieTTo d. ,. ~Ol- V' de 1. .16 .
n~de lon~i4;ud paNa el c;".11o del pOlO. . .'

. . -
La lttol~gi•. segun ·'~l r.gi5tro d. ~lo¡eo~ ~ a partt1" de
obseTv~cior..s ~cro5copicas in~ic.n:..

.
- De O.CO ~ ~~.29 ~ -se tiene roca- intr.usiva: g'ranito' en

estado t~ltur~do ~ en palvo d. stlie •• celo1" ~l~~eo con poca
~lteT6cio"~ En e,t~ t~.~o nD hubo Tvcuperacion de' testigos.
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4. FRU~BA ü~ PRQ~~~OIDAO

ü~r.nt. l~ instdl.~:Qn ~~l ~~~ipo'de ~~~;oracion SP v~rlfico

p.rs~n~!~!~t~ 1~ . nivele:icn ~ Vi'~tt~~lidad d:t eje de
per-ro rcac i en .

siste1't.a
4. 50:' de
I,J 3. 56"

35
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.5. l·P-ara 1ft ~e"Tc~~~ ion dq 'i;:'$l;e ~OzCi .. Ji ,:;¡;lito .... 1
I'd~!¿;" de hGleo" c:o., "a:'- ha,"'.~fr'· ((;H;.j) cC!"\

di:v'!~t;r<) /1 d~~í".··H -'di~~o~d .j1'i11'· (t'O) 4. 5~"

rara e'St•. pru.ba Sof c~lo,=o en ~l pozo tG~a la columna de
"u1i~rj.a \iti lUCIda dlJrGn4;~ 1.. plJl'foracio'll .co~lalld~s(l los
~~~~S s~t~~iv~m.nte ~~ w~o ero vno. 'Fln~l~~r-te S~ fU~o la
total1d~d d. tub~' ~~sc~r.tan~~~~ la tub.~iG 50br~r.tT.

,

:iiJ:,-.nt& 107 prueba ,,, CC\:itat.., 'loa pt'oTuncH~a~ r~.aj dI' lO;!. 20
"t~~~n~~ C~~~ b.~e ~~ r~?~re~cia para 14 beca d~l pozo, el
b~rde t~~~rl~r ~e la ~aJ~ ~.t~¡ica de pTct~ctia~

~~i~i$~~, Q~ ~1 ~,to d~ .n~r~ga-ri'c.~cion G~l pozo $e hizo
la PTlJo&tll re~i=~-=t:i·...a.· PaTa .H':a prl.leb. s.e celoc., en el pozo
un. s~r.4a cenfo~~a~~ oer ·tub~ri~ ~coola~a ~~n dos tubos de
~.75 ~ ~ ~~o ~~ 3.0' ~- Tod~ ~llo susp~ndido d~l c~ble de
uin:h.. ~. b~Jo ~a¡~~ &1 ~ondo del pozo ~ lue~o se el~vo en
'P1't'u·nCl-B Qf l:a~ cOl1isiQne:. icl lO? y ~EOTEC S.A. Durante
16 pru~ta ~. ~b~~rv~ ~~ tib~~ P~~g del ~iS~E~A a lo largo
d.1 f' ~ 1: ;:,

Dé 90.2= ~ lOO.~O ~ ti ~~terJa¡ cGrre~p~n~: ~ ~~~"ito gris
res.actoo. fon .f,t~d:;¡ ':vt~L...;,t. S~"~ '.¡ ,o'-~~I'ti'nte, con
r.tu~.r~~tO~ de cor~. E~ta ~~c~ p~~ S~~ '~r~ct~risticas

f""r.:iner-et?.;ita) 11 ~. 9r~., COI"I~~nido de c.:.arl~ aprc'Y.. 60 por
cier.t::;. -;1' e~¡ii1c.i· co... .::! gr~nit;o cu.;rc:i~eTo o
e uar: o-s 1'.'" i ~o.
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'.4 El r~gistr~ lltol~~ico indica 9r_ni~o c~~rci~~ro (Gl =
6~ ~~r cí~nto) celor gTi~-roSaté~ ~ t.,tur~ T~neritica

en t~d~ el sono~J~.

intrusiva la
def'ine co~o

5.7 La T~ca ~ue~t~a una cpti.~ calid~4 y alt. cc~p.tencia.

L••~tT.~~ d~~el~ d~ .,~. ~ot.:a pereitio poco a~ance con
DO. pc~ l~ ~V~ Tve n~ca~ario ~n c~~~in~v ch~n:ado de
bT,:::.so¡ .

5. a L.. r·jc. .. ~iv.bl. ó:tI P.Cli'" ~·.i C:::~C SI; ~r;tCJfl~ esta
~~c~~to d~ ri~~¡; ~eold~tCQ. d~~jio ~ q~~ ~~ ~ntU~ntTa

.n u~a :on~ r~l~tiv!~e"t~ pl~na.~ ~in precipitaci~ne~

~l\J'.'l.¡l.e, .1c.~ort.ar;";~'.

5.' Sol~~en~~ fue posible obt~~vr cor. ~~ lo~ ultimos 10 ~,

de~ldo ~ \ue al ii~~em~ tHH prod~ce ~~estr~~ tl"ituradas
~ ~n p~lvo de ~il1ce. A;l se veriiito Toca' t~tal~?nte

Sllr-.: sin ~roitct:Jr.. ":, di~;:14'ias, Tallas'~ .alteraciones,
e':"t.

5;3 L~ p~~~~rar.ion f~e realil~da sobre TCC~

~~~ ~or ~u co~~osícian min~ralo1ic~ ¡e
gr.uni.i;o cua~ciTel'c ~ cu,¡¡r:o-gTilnit" .

5.2 El r~v.,ti~i~~to ¡e hizo ton cewento en tod~ el pozo, a
e".p(ion del tr.a,-,':) 92. ~1 ,ti 100.'';·':n, en el cual la
~~~a "O nec~sit~ba po~ ~ost~~r'. ~cr.a ~ sin
.a t t ~ '!"a: i oia ~ • ~ • f~ ~ 1 e 'J g 11 Q d61 ~, :) zo e !; n tubo de
iiel"l'"Q de S.5,)'· de t1ia",~~¡'a t.:O!"l 1 \é r.\ d~ longitud.
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, I 'CA~ACTERISTICAS I 1
FECHA FROF YIMUES-IRECUI-- --------------J DESCRIPCIOf4 ISIMBO:OBSERVACIONI

CROSORI TRA fPERAICO-IINTlrRAIDIAJFI LlTO~OQICA ILOOIAI
I Cl~~ILORIEMPICTUfCLAIA: f 1

9.00"1 I I I I I I ----Il------i
1 1 I 1 I J IX X:
1 1 I 1 1 )(' :

J·OO J 1 1 IX:.H COrridAS:,
I 1 1 1 IX.·
1 I i 1 I IX;é.n al turno
1 I I 1 c..·...~O X. )( I el e. díf\ ,

2.00 -1 I I I GrAnito.
. 1 I 1 '1 x.X X ;. J2, com'dAS:

. I 1 1 1 I é~tJ:\do fí$i~,,: I '
;'.0;) , I I I 1 V ',':'0 el turno

tr,tu"'''do" 60 - lO

l, , J 1 1 IX: d~ nOc.h a
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I "IRQ,\I CA~ACTERIaTIcAs 1 1
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Este pOle d.~o~ir.~do S-t-lCP, r.on.t1t~~. el pr1e~ro de una
serie ~e tr~~ T•• liz.1~5 d~~~nte l •. c~r.F.n~ 1986, en el
~.rco del PRO,ECTO REn SISMICA .AID/CIW: par. la in.talacion
~•• Jt.n~~r..tro' d~ vol~~en.

El p.:zo t~

.• (\ ,h l. t!l\.a.
ubiCA .n la localIdad d. S~n~os. M.~ucana, a 65,

r

L4 pfrTcr~cton fue ~J9cu~ad. ~~r la ~i •. CEOTEC S.A., segun
con~r.~Q ,u\crt~o co~ .1 In~~i~uto C.cTi~ico 4.1 P9ru <IGP)
.1 13.1 L e6.

L•. p.rf~r.c1on ~. hila en roca
r.cup.r~ticn con~inua d9 t.,~t~os.

iT'anodiortticCl con

~

r

~

L.. prDiun1 i d... d ·~rog"a~.. da TU. lJe l()-J ~, perl)' ,. llegc a
lO~.60~. Sol.~ente los te1tigo5 d~l tr.~o co~~,.endido

."401'e los q\,).CO l'!! 'ilo~ 102.60 C\ ;u.roT1 T~cupQrados y
•• 11ad~~ ~n cuatro c.J.s de ~.d.r., lss·~i.~., ~ve Tueron

.•ntr.~.ditá a 1. ctrtiision receptora d.l I'1'P..

s. r.~istio con c.~.nt~ en toda lal')~~itud perforada
d.Jan~~ CG~~ pr~t.ctic~ d.l cuello d.l pozo ~"a tuberia de
iitT1'o d. S.50 ~ de longitud ~ 4.S0h de diaeEt~~.

r

~

r

r

~

Los tr.~~Jo' se iniciaron 91 20 11.e~

2a. 11 e~, ~ la .nt,..ga ~.~ pozo s. e~e~t~Q

1. 1 Ca.J~IVO

cul,~inandG

.1 ~9. 11. eó.
el

-,

-,

...J.

-,

..,

..,

E~t. ~o"daJ. tiene COMO o~J.tivo prim~Tdiel in,~.l.r un
.lt~~fc~~tro de v~lu~." c~n sensibilidad del orden del
Jo-~, • fin de detectar 1. d.io~r.~cion tn la corteza
~.rr.'~r. pT~dutid. por l. ,onti~ua accion d. 1.5
Tv~rl~~ ~.t~onit.s .n el i~t.rio1' de la ~ierT•.

1.2 U:!C~CION V ACC~SO

El sitio d~l pozo .s~a ubicado ~n 1. localidad de
SC!~~Ha, 'l p.rt.;••~. el ;Si~tr1to ~. 5'':7'(0, pl'~vincia ~e

~tu~~~~, d.par~a~~r,to de Li~a. Su pO'lcion geografica
.,t. d.t.r~inada per l~J coord.n.~a': 11052'50"5 ~

BEST AVAILA3LE COpy
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Para 11.gar ~t 1ug.r de~ign.do p.~. el pOlO •• t~m. 1.
carretera c.n~r.¡ p~lan~o l~ t.n~r.l Htdroelect~ica

P.bl~ 80n.~ hasta 1. localidad de 5e~~os, km 65, D.
e~t. punto S. ,cog...In. f;t"~ch. de acceso '1 se cruza un
~u.nt. p..ra l1eg.r en ~V~ 81 'inal de la ,.rretera
a"tiiu., .b4ndon.~.. lul~r pre:itado p.ra .1 pozo.

En .~t. lU94,. ailcra un intru'iv~ granodioritico de
r.9vl.r.~ 4i~:n't~n.s. El ._t,..n~ o9.te de e~t. cuerpo
cris':.allno s~l·vira CO'ltO e.~pl.u.,!\h.,t" da! poro .

2. PE~FC~AC10:4

a. perTol'o d.'Id. 0.00 I:'l ... 1'.17' m 'con t.d1 ..::ond drill" CDO),
con ~i.~.~ro U~D :e los eu.l.~e.=~ ~ iueron .n ~at.rial

fluvto-.luvial ~ 7.4S.m en gr~~odlorl~a c~n !ecuperacio" de
t.sti~os: .

LOI prí~~ros e.fO m .~v.daron
4.'O~ ~e ~l.~etro h.l~a ro,.
c.~.nt. 1~ p,.o~un~id.~ total
raetodo.

r,~*,~1dos c~n .ntub~do de
iiT~~. Posteriormente, se
~ se reFerior. con el mis~o

..J

..J

-,
j

--,

.J

;,
.J

.J

1

..,
,

.J

s. continu. CO" 1~ per4oracio" en gr.nodiortta d.~d. los
1'.95!.1 ha,t. los 102.60 m can di..",.tro '..e. H.¡bitndose
d.t.ctado For hlo~.o· entre los 90.00' a 100.00 m
T~.CtUT.~i.~to iuerte ~ Tal14 • 105 99.0~ m·se precis9
p"o'u"diz~r n~sta !o¡ 1~.60 ~ p~ra .nco~tr6r .roca sana.'
Luei Q .e c.~.nt. el pozo ~ se r.perfora ~" 5U totalidad.

La l1tolo1ia segun .1 r~g1'~ro· d. ulcJ~o~ ~ ,. partir.de
ob.ervac: 1 on~s t!lacro"top i::..~. ind ican :

O~ O.OC a' 8. 50 cubi~rt. tu.tern~"i., conformada por
••dt~.~to, Tlu.io-.lu~i.l.s corrllpGndi.n~.~ a la terraza
T-l d~l río Ri~a;, con r~d.do. d. a"desitas.
PCT'''iC!o-af'.1 ..~itito~. cl.:i1rcita" lj g,..nc~Siorit.l.

D. lo~ 8. ~O ~ .1i.C~ ~ ~~ ~l~n. ¡rB~~diorita con Tuerte
dl.clá,~~i.~tQ .~b-horlz~ntal ~ an;ul.r eo" algun~s Tallas
CQ"patilll.s 61 ,hh""'. <J. dl.cl~sas. El T,..cf;urami~nto 'es

BEST AVAILACLE COPY
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"ini~~.n ••~. tr~mo ~.1 int.~peri~~o ~cd.rado ~ iuerte.
La5 di.cl~~•• ~ ~ractur., pr.1ent.n rel1.no de olido de
Ti.erra:

.....J

De 17.00 • ~~.OO m 1. gr~nodiorl~ mu.st~. vn ir.ctur.~iento

.ub-h~ri1ont.l intenso V diacl~s~ ang~l.r en c.~or grado .

~u.~~~. diaclasamiento· y
El ir.c~ur.miento e
tr.~os ~1.2~-42.20 ~,

d.~il • ~Qderado entre

n. 101 ~1.0~. 50.00 ~ lA roca
ir.ctur~~'*~to .ub-horizo~tal.

ln~."p.rl1ro es fY~rt. en los
43.eo-';4.50::1, 47.2C-47~60 .'!, 'JI'
44.50-47.00 ~ con ep1dotiz.cion.

- D. 24.00 • 41.00 ~ h.~ un 4i.:l.~.~i.nto ,u~a~~u1ar intenso
con pOC~1 ir.ctura'~ veta d. Qt'~ olidol • los 35.00 ~

.....J

.....J

.....J

...,

...,

...,

...,

.....J

-,

.....J

, .
De 54. 00 ~ 61). 00 ~ t 1 .~ iac ía!'••1\iento •• frac t!Jrámi ~n.to· es
.1t.rn~do ~ ~vban~ul.r con prlsencia d. ~i"-r.l~$ maTicos.

-,

.....J

-,

.....J

-,

En~r. 105 60.00 • 96.QO m ~1 fract~ra~i~nto es d.bil a
"oderadc co~ i.ll~, • lo,. 64.60, 6~.EO ~ 79.~0 m con
~ateri.l orechoto ~ ~p1d~t~. A los 67.00 ~ v.tilla de
sulfuro n.gro. • 10' 69.00 vtt.. d~ -tuTr.i.lina.j ~in.ral
n~ftco. A lo~ 77.00 n ,. ·encu.ntran v_tillas fina5 d~ Py Y
otros suJfuro~. A:g~ras fr.ctUr~S pr.sentan .r.[leno de
c.lcit. ~ n1ner~1.~ m.ficos.

-,
...J

- De lo~ 96.0' • qq.60 ~ .,ilte un Ir.ct~"c~ien+.~ intenso y
,ub-.n~ul~,. rel1en.do, .ton ,~l~it~.

- En el ultico '.¡~.nto ~q.60-1C~.60 ~ 1. ,.oc~ 5. encuentra
~~co ;r4:turada ~ na~ t~n~ que el tr.~Q anterior.

...J

..,
...J 1

En~re lc~ 98.60 ~ q9~~J M •• i.~.
n1"e,..1~t~d~ co~ s~lfvro~ d~ c~. Pb,

~~a Talla i~portant.

c.lci~. ~ r.iIG~ita.

-,

...J

-,

...J
/.' .
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3. PRliEBF. DE Vt.RTICA!. lIiA~ y AL tfi.~';I1IaHO

Dur.nt~ l~ in~t~l.cion ~;1 e~uipo de p~r;oracian se v.riiico
Ferson~l~ent. l. nivlla~i~n ~ vertic.li~ad óel eje de
geriorac i Ort.

~si~is~o, .~ '.1 acto ~e .~tregA-r.cepcion d.l pozo se
realizo 1. pru.~. r •• ~.ctiv~. Ello consi~te en 1.
coloc.c ion en .1 PO&o· de un.. sond.1 COnTOTl="old.a po,' tuberia
acepl~~a c~n ~os tubos ~. 2.75 ~ q uno ~e 3.05 m. Tod~ el
sist.~. suspendido del· cable d. wi~c~. s. b.Jo hasta el
Fo"do ~81 poto ~ luego ,~ .l.~o el ••o en ~res.ncia de la~

eants1~n.~ del J'P ~ CEOTEC .S.A. DUTant~ la pru~ba se
observo el libre p3S0 del li!tema a trave.· de todo el pozo.

~. FR~BA DE PROFUNDIDAD

Para esta PTU5b~ S9 col~co en el pozo tcd~ la c~lu~~a de
tuh.ri~ u~tlil.d. du~.nt~ el proc •• c de perforacian•
• coplando~. 100s tllbo~ Sut.siV.!08nte de . un? en uno.
rinal~ente se su~o la tot.lidad ~~ tubos des~~nt~ndose la

I t~b.~i. sobrant_ .
..J

P.r. 1. prciundtded to~.l se to~o co~o ba~. ~. ~.~er.nci~

pa~a ra ~ac. d.l poto, el bo~d. 5upEr1cr de la caJG m.talica
d. p~o~occi~n, CO~$t.~.~do~e vna PTOT~ndt~a~ re.l de 102.40

".
,
.J

"
.J

~. 1 El stst.~. de p.rfo~.t1on Aplicado .n el pr.s~~te pozo
'~9 ~l ~di.rond drjl!" (00) con dia~.tro ~~ ~ NeD.

,
.J

,
.J

.J

.J

5.2 .1 T.ve,ti~íentG ~u. h.cho CQr. c~r..nto .n la totalidad
del Q~Z~ q.~.l cuello con tubo de ~i.Tro d~ 4.50" de
di~Mttr~ (Gn e.so ~ d~ longit~d.

BEST AVAILACLE COPY
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5. 3 L~ p.,.tlo,.acion .;u. reel iZ<lda ~ObT. "oca in~ru5h·., la
cu~l .e~un tu cc~posiC1Qn m1nerslcg1ca se d~f1nR co~o

Iranodio1'it•.

5.484gun el r.g1.tr~ li'ologico 1~~ pri~.ro~ e.50 m
corre.parid.n a ••~i~.nto. fluvio-aluviAles ~ de e.50 a
102.60 O la tiane grAnodio1'it. color grisacea ~ teJtura
';aner t tic•.

5.5 La coluü.n. de cara pr.se~t. un ';r.ctur~~iento

.ub-horizo~t.l ~ .ngular .1t.Tn~do con el
di~clas3~i~nto. La~ diarl••as son persist.ntes ha.ta
10'1 60. 00 ~. 'no asi en 1•• '¡:racturat q,ue ~e mant.i.nen
ha'lt••1 'in~l. Las ~r.ctu"., ~:n.ralr..~te aparecen
con r.11ano de c.lcita.~ ~iner.l.s oscuro~.. . ,
El fall~~i.ntQ .1 discontinuo sie"do por lQ g.ner~l

6n~ular, ~ co"patible co~ el siste~e de fracturas y
dt.c:la!4u, iipa-reca a 1'0' 9.70, 11. 60, 1~. O~, '16.00,
17.30, 29.60, 31.6', 40. 15, ó4~65, 65.SQ, 79. 50 ~ 98.50
~, QJt. ultt~~ 1. ~~s inpcrta~t~.

//

L. ~lt.r~cio".~ pr.s~nt. pvr~ist.n~e.n les prim.r~s
40.00 AS" siendo a~t. p"inc:ipalr:.r.t. po,. oxidacion, a
tra" •• d.l......;~t.m. d~ f,.~:o;tur.' .. ifÚlclasas, 11) Clue le
d~ po~ tr~~os un. colorácio~ anarill~nt••. 1a rGca.

'.7 La iPin.ralizacto!l e,t.. si9n~da per ve~tl1.s de sul'¡:uro
. bruno. 10' 67.00~, t~r~.ltna a los 69.00 y pirita con
ot~a' sulfuros .. los 77.0J ~.

--,

...J

-,

En .1' +.r~~o ge.~~-~9.C~
nin.~aliz.d. con sul~~ros

ni 10mi t~..

m .•• presentil
de e\l. F'b,

una falla
calcita 11

--,

-,

,.....

~.a La cali6ad d. t. roca QS

Tr~ct~r.~{ento ~. ~iaclala~i.nto

col~~na lt~oJogi'•.

45
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5.9 D. ac~.rdo a 1. insp3ccion geolog1ca realit~da con
relacion el ~.'lor~ni.ntoa d.sti~.do para ·E~pl.z.miento

del p~zo, S~ obs.rva ~U. este cG~respond~ al me~or de
tr.s grand.~ ~lo,v.~ vecinas. los cuale3 conforman un
di~v. ~atur.l d. soporte.l gr.n d.'lizamiento ~U. se
superpone .Q~r••s~w~. Par 1. u~ic~cion del blo~ue

~;Jebl. p~r.ce s ...· .1 -rref)te del pric-:r deslizamiento de
i'".¡t.r111 .1u~lon~1. pul1S en 1. p..rta sup~."ioT' hay dos
de~liz4~í.~~o~ s.~~li¡ados por los niveles de
ve9tt~cion.

A poco. metros .e ub1c. un h~~~:o ~~~ i~portante ~ue

funcion. todos las años.

En eQn~.cu.nci., es~. PQ%O esta pr~p.~:Q • fe"omenos
g.odi~.oicos por 1. u~i~~c1cn n1$~a de la zo~a sobre
t~do en los se!.s d. v.r.nc: Hu~~cos y deslizamientos

".
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Est.·s~ndaJ. tj~n. ~oco principal ~tJetiYD in$ta1a~ un
~ .. te"so~&trode· v~lun.n con fenli~:lid~~ del orden del'.
10·.... 'in de d.+;p:tc1T 1. d.~~r:?lcfon en la corteza
terr~tt~e pT~du~id. por l. contin~~ ateien de las
iutr:al ·t~ctonicas.n ~l· int."'ior de la ti~~r~.

". ;:::--

, 'í,

, ,

-- !.,,.1.1 OS.JETl\'O .

L. perlcr4clon ,e hizo en To,a ¡r."gdlorit~ con T~cup.racion

J)4Ttiit1de testig:o~_ . -

El pozo· ,.~bicA en ,la loc.tida~
C.lt,.ovir,..~r.a, ~ 137 .~ de Pllco.

. ,

I

s. 1"e..-l ~ ti. o eQn' c~mef1to ,n ·toda La long i t\.ld f.' eT'Tor.. da
Cl'Janto CO"O prot.ccion d~l tuella del, pc!n una tuberia de
.'.1'0 d. 3.3P ~ d. 1.~go V 4. ~O~ d~ d1.~~tro (O).'

Les ti~baJ~s se iniciaron el 11. 1~.e~ tul~inando el
·~_l~·.eb•. CJ la @nt,..~a del pcrn S& ••ifctu~ el 3').'12.86.

"<;\ .....'
.. ":"., '

BEST AVAILA'ü:"e COpy

1. 2 LISICAClOt~ y ACCESO

El !i~ie'p~~'lJ4dopa~a el pozo ~~t~ u~icado en el
di~tijt: d, P.~pa-Blenc&. ~~o~i~~ia ~~ C~~tT'o~i,..reyna,

d.par~~~~nto ,d~ Hua~cav.ljt.. Su pc~icicn g~ografica

"sta da~a, por 1.~ cooró~nadas 13~é:q '27"S ~ 75028'31 "W.
I
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E.t~ .po:o d.no~in.~o PS-l-IOP, consti~~~. ~1 t~rc.ro de una
s.rte ~e ":,.~,, r,e~l í :acl., ·:tu,.."f;. 1. caJ"'p..:".. 19a6, en el marco
de) P~OYECTO RED SI5MI~A AIO/C¡U, par. 1~ in~ta1acion de
•• t."~o~.t~os ~e volu~.n. . .

. .

-La perflo¡'.cian fue .Jec:uf;ada pt;,. la Ci.. GEOTEC S· A., segun
contrAto ~u"c~ito ~con·.l. Instituto O.o~i'icc d.l Pe~u (IOP)

,el 13. 11, 86. ,

.. -: .

L. pT'o-rundidad sfro.,.,.el'Sada fue de 100 n! p~l'O se 11égo. a
101.27~· con l-di.~Rt~o NC (3.'~·) .. S~l.me"~. los testigos
del t~.~c conpT.nd~do e~t,.. los 90·~ l~s 101.~7 m iuer~n

recup.r ..~as .. iolJ.".-s .n c.uatT'o c~Jas " ...-::..~:T'~. las mismas
" ~Ul' ;uel"cn .~~"'~gad.si.'_ la c?~ision Tfot@P.tOT'''' ~el lCP.'

1. IrHt(ot!JCC ¡C:J .
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~. ~E';FGR~CI0N

La ·11toto;i. ~~~un el ?;ist~~ d~ hl~~~o~ V a partir de
ob.eryoiJcic~~s ~.acroscopicas. indict1ln lo $.iguien-f;e:

-.. .
El POlO S. er:pl.zit ICibre un intrullvo gr,C).,,,-dioritico,

.•1 cual confor~. -el' flanco ii~uierd~ del velle del rio
Chili~ (tribut~rio del rio Pisca) .

a las
restante
En su

. . .
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La .cc~$tbilid.d ~. por 1. c.~r.t.r. F.nB~.ric.ri. sur
h.~ta p~co antes del rio Fisco. De e~te p~nto, s. to~

1. '~rre~era Lib~rt~dor.t ~ue c~~duc~ .. CastTovi~Te~nA

h•• t. 11eg.r • 'una bi~u~c~cion. A~ui 5e o~ta p~r' el
,.."011. izctuierd.o llegando finalr;en~.... Panpa-Bl.nca, km
137, 'i;! k,: .pro~.- ante" de Ticrapo V ~obl'~ la margen
d.~.(h. d. 1. carretera.

• "1 •

El ••g~ento inicial de O.-OO.a 3.00 ro se p•.rToro c~n· el
.ist&~ "Do~1J\ the· hole" con ~'air har.';~.T"· (D;.I.H) en' IrClter.ial
alu,fia1. . E,t, tra~o .•~ cen.ntl»·~ lu.~o se T'(.perfora ,con
'14t.l~ond dril!" : rOO) •. esta' Qp-eraci(\;'1 52- reia1í:o en 'cJ.os
pertes;' 1>'- de 0.00 .'1.65 V 2) d~ 1. 65 ¡~ 3. oo. '

·"'-.·c... .

'Fin.lcrnt~ s.ln~.~ta c.~~nto d. a~uerdc

.sp.ci4ic~clohe. t~cn'~.s sola~ente en .1 'e~~.nto

40.21-101.27 q. p~,t.r1or~~nt~, s •. ~.per~era

total1d.ad.

Se eontin~a la p.rf~rae1on CO~ bHH en ~r¿n~diorl~a ~esde los
3.00 hasta·los 40.21 D con dia~~tTv 4.50~ -obteniendose
t ..stigos trtf;ur.e~". ti·. en pal ....o. Posf;el"i':rT't"'ente.· s@ ce;nenta

. tot.. lJ!lCi'n.tl' ,,'se ,.eperior. ca" DD tu.sta 3. ~v n, flrofundidad a
lb .cu.l t •. r.vi.t~ con tutert. de lierro de 4.50" O. Se
sigue lél ,.ep'erforac i 011 h.s~. '11~gar • los 40. 21 m, desde
.~ui· •• conttnua p.,.iG~Ando en gr.n~diD~1t. CD~ DD diametro
NC.3.5~· hAsta los' 101.27. con r.c~,.~.'ion~•. core desde
loa 90.00 t"l

\

. 'En' 'l'~~o~ d. -que. ~1_t1:.a.~c:q7~C0-97.·70 ~ .~ pr•••nta bastante
fr.ctu~~dov habiendo.. reg~~t~.do entre ~7. ;C-98. 20 m una
.stl'uc~ur~ rellenada con cu.rzo. c.lcita ~ alteracion~ se
~,.oiundi%o h.~ta 101.27.
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- oo. o: C1). 3.00 ir: l' 1 r.1ater ia l. eor,..lponde ea s(ld L':lentos
aluvial.s,

c•.3.00. 90. .00' ... 1. roca 5I'r."od1~rlt;a

'''actur~mi.nto ~~gul.r, caidos de Fw
h1drot.r~ .•ti .

preserata mucho
lj ·.lt.,.acion

.De '90·.. 00· .. 91.31 m conttn;J~ ~r.nDdiorif;a

l~.ctur.~i.nto .ngular.
con menor

- D. 91.34 a 93.4~ ~ 1. g,.anodiorit~ tiln. un color grisaceo y
se ~ues~~a b.~tan~. ~.na '

ne 93 42 • 98.2' ~

p.~uen.l~f~11.s .•
. cuarzo ~ calcit.:~

1. ,.oca~se p,.wsenta ~ulj fr.c'urada. con
los c;~. 00, , 97.00 Y 98 OO. v.ti Ilas de °

los 97.90 ° V c;e. .10 ~

. .
-.D~ 9a:2~ • l00~OO la 9r.~odtorit• • e e~~u~nt;ra ~Ulj san~ y'

sin alteraciones.

- n. 1:,s leO.oo a ,101 27 ~,lsl
iTac tur.aoí .n~o.,

"

'.
'o •

p... e,enta .' poc o

...J.,

.. . ~ '. .
3. t'RUEIU. DE \ratTICA!. tDAD Y. AL TrV=-.AJ1IEr,¡rO

Du....nte 1.. in4jt.al.¿:l.on de} 8ClUi'po de p~r"or.cion s. •...r i;:i':o
pErs~n.lm~~t. la ~iy.l.~ion lj Y.rti~aJi~~d del eje de
perT~"acion. '.

~s1~is~DI ~~ ·el.~to d~ .ntT~g.-T.tepcio" del POlO se
'. Te.lizo 1•. pT'ueb.e respectiva.' Ell~ consis.te ·en la

cclo¿acipn ~~ .1 pD1C d. ~r.. ~ond. COr.iOT~~d. por tub~tia
Acopl.d. e~ri do~ tubos d. 2.75 ~ ~ ~n~~. 3.05 o. Todo el
sis ... r.-~ t-usp.ndid~ c!.l c6bl.· de '-Iln:he !& baJO ftasta' el
fondo del ~D%O y Jue~o s: .I.vc..

....J.

.....,

....J.

.....,

Dur.nt~ J~ pr~.b. 101 ~iQmbrol de la conision' del
OEOTEC S.A. ob~ervaron el libre peso del si~~~ma ~

d~ toolG el pOlO•

BEST AVAll:.Á[]\(E COPY
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PA1"••~t. p1"u.ba-S'; -caloeoe" -il pOlO-- toda la columna de
. t-.:b."¡a uti liza~.:. dU1"ante el prO'Ceso d. p,(lrioracion,
, acap lando,. lo,s,,' tubos suce,si vll~.nt. de uno e.n uno.
Finaloent••e '.U~Q 1. tot.l1d.~ ~.·tubos d.scontandos~ la,
tube1"ia tob1"ilnte.'

DU1"~nt. la pru.ba ;.conctato una pro~u~di4ad ~.al de 100.66
" é"on di~~.tro f.ir.al d. rile, cont.~os desde ha b.,.del tubo
~u••obresale· del pOlO.,"

j. 1 E.~. FOlo .ui,.io·t1"~' ca~~io' en .u ubic.cion. Lo. dos
p,.i.,e1'o, en la t."1'"aHa 1-1- del rio CtdU-s- ~ --el ultin:o .
.1 pi., da un ."lorar:iento g,..n~-di~ritico. Estos
c.~bios ,. ~.bi.,.on a l. gr.n 'potencia ~el matérial
iluvío-aluvia\ at,.~wes.do V .. pro:Jlel'ttls det"h-.dos· de

" orden, -ttcnico.. , \
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>. ~ • ", .• -. -. "- •

.... - -".:' -'~."

.' : ~. ..- .... . ~-.

-,

....J

...,

....J

...,

....J

....J

....J

n

.....J

n

. " ,

• o'"

- ",':'
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.~.

.. ·•. ··_•.0·0·.
~ .:;:~ "l, .'-
S.2.. En 1. peT'fo:racl'on- d.l pOlo.e .plico·· inicialtqente elc "":

.is~.~.-. -dó,-=n d. "DI,", ·con. -.il' h.r.:"'er=- (DH:-t) 'i despues
'con ~di.~ond d+ill- (Dn) .- ..

• • l .•

• .'4'

'." ....
. :". - -' .

S.. 3 El '.' revestiaiento se hizo co~ ceM"nto en teda su
lcngitu~ qe~ .1 cu.llo del' pozo co~ tubo de fierro de'
4. '0· de di.~.t1"o· V 3.30 a de lon~i~uJ.

S.4 L. pQ~;ora:iDn fue Tealitada 5GbT. roca intrusiva la
. qu.~or ''u co~po~icion mlneralo~ica s. defi~e co~o

gTanodiorita. .
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'~8 H.~ pre••rict .. de agua .n los ~ri~.ros 3:00 m De
r..t~r1.1 aluvial ven-la roca h.sta los 40.00 m debido
• 1. T11tr.cion por ~r.cturami.~to.

\\
. "~~~\o\'

")~:~'N I

5:9 L. c'al idad de ola Toe. es t:lOd.1'~ :Jor su i'Tac'tuTCl¡'!1ient'o
pel"si~tenl;e .n la coJUII'nB 1:1~~10~ ~

~o
,-

.5.7
0

E_iste alt.~ai1on hi~Toterm.l y -~~id=s' d. fierro' en
'OTin. a1tern•••••1 tr.~:' d. 3.00 .. 90.00 Clo

. .
", .

5.6 La - column~ d. COT. pr.,ent. mucho ~ractur.~iento

.n~ula1' d. 3.00 .. 9~.OO m. ~ en r.anor el:.l. d. 90.00 a
91.

0

34 ". En.1 -tr.::o· 93. 42 • 9a.25 ü' 1. roca ·se
encuentrA muv fr.ctuT.~A. ne 101 lCO.OQ a 101.27 m hay
p~co -"r.cturani~nto Hay peltuenal --rallas. 10$ .95.00,
97.00"~ 98.00 _m v.tillas de' cuarzo V calcita a los

o • 97~ 90
0

IJ '98. 10 ~ -

5.' El r.gistro litolcgtco i"dic~ Il'I.te1'i41t aluvial hasta
- . Jo. 3. CO In v- d. 3.00 .. 1010

, 27 ro" s. tiene gr~nodi o.ri ta
. col~riri.ac.A ~ te,tur. T.ne~itic•.

" ,."

-". .. ,
.~,..

"" . ~- ..

,~ %0." :Ef p~x~F~-t-I¿P po~ ~u~ ubicatiOn ~n l~ ~a~g9n
later.l de un d.po~1to (cono) d. hu~~co r.ciente ~ al
pt.· d. una 61.vacto" rocotóa con pendiente (60 grados),
esta .J~uesto ... ~i.,go geal,agico pOT hua:jcos -y c.id.a de .
blo~ue$ d.sde 1.' -c~~~r.t, E~tos fenGmenos o se
.viden(i~TOnduT.n~. 1.. llu~ia torT.~ri.l ocur~id. el
~2.:2.e6. PG~ lo O~U. as recc~.nd.~le con5trui~ una
~u°l'al1a de pro~~ttion. p_r. blcq,!J(»al" el a:ce~'o de
t:.2terlAl al.uvion.l ~at~•. el pOtO. ·D. otra lado, es
nece5.rio ~ue 1~ ca~~t. s.a construid~ en base • un

- diseno esp9cial c. e'~ructura ~U. incl~va techo con
p.ndie~te s1~ilBr .r talud del ctTro vecino,:. -rin de
~u~.~uando· $: pr~~uzc. c4ida de blc\ves es~os resbalen
p~T el techo sin ~roduciT i~patt~.
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, INSTITUTO GEOFISICO DEL PERU
(GEOPHYSICAL INSTITUTE OF PERU)
*Direcci6n de Servieios Tecnicos
(Technical Services Department)

THE MONITORING'OF SEISMIC ACTIVITY IN PERU

I. INTRODUCTION

EL INSTITUTO GEOFISICO DEL PERU (IGP) holds the monitoring of seismic activity
in the country as one of its principal goals. This presupposes installing and maintain
ing operative the different permanent, portable,telemetry, accelerometer, and strainmeter
stations which form laRed Sismica National (the National Seismic Network). Many of
these stations operate through agreement or are included in IGP's Projects with other
national institutions like: ELECTROPERU, CHIRA-PIURA, DEPOL (Organismo de De
sarrollo del Proyecto Olmos), UNSA (Universidad San-Agustin de Arequipa), Universidad
de Tacna, UNI, etc. or with foreign institutions like AID-CIW, University of San Diego
California, University of Kyoto, etc.

At IGP, it is the responsibility of la Direccion de Servicios Tecnicos - DST (the Tech
nical Services Department) to operate these stations, as well as carry out the analysis of
the seismograms, to evaluate the preliminary parameters of an earthquake in real time,
to adequately dispatch seismic information, in addition to being the depository of the
information which must he duly included in the monthly and annual seismic bulletins.

DST*-IGP depends on some forty people among professionals and technicians in geology,
physics, statistics, electronics, signal analyst, included in the four divisions of: (1) Geo
physical Networks, (2) Electronics Laboratory, (3) Seismological Service (which includes in
turn the areas of Seismogram Analysis and Seismic Emergency Service), and (4) Projects
and Development; in the care of Tech. Antonio Flores (1) and (2), seismologist Matilde
Vasquez (3), and seismologist Leandro Rodriguez (4).

The staff of DST*-IGP obtained its initial professional form at the former Direccion
Cientffica de Sismologia (Science Department for Seismology under Dr. Daniel Huaco),
la Direcci6n Cientifica de Geofisica Aplicada (the Science Deparment for Applied Geo
physics under Dr. Leonidas Ocola), and in la Jefatura de Redes Geofisicas (the Division
of Geophysical Networks under Tech. Alfredo Bushby and Tech. Ernesto Deza), as well as
from the Camacho Computer Center. The Camacho Computer Center is concerned with
the maintenance and operation of the PRIME computer as well as the Information support
which we the users need in Technical Services, Solid Earth Physics, and in other Scientific
Areas of IGP's technical site (in Camacho), as well as in the Administrative Sector of the
Institute.
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II. THE PERUVIAN SEISMIC NETWORK

The National Seismic Network presently includes:

A) 19 permanent Seismic Stations of the WWSSN type or modified (3) and portable
ones charged to other projects belonging to Peruvian Institutions in conjunction
with IGP.

B) 9 Operative Telemetry Seismic Stations in the Northern (Chilayo), Central (4),
and Southern part of Peru. (4).

C) 10 Strainmeter Stations from the AID Project (7) and from the University of
Kyoto; of these 5 are operative and the remaining ones must be installed within
a short time or be replaced.

D) Some twenty accelerometers which operate under Agreement with IGP, charged
to other Projects like: ELECTROPERU, CHIRA-PIURA, etc.

A list of the location of equipment, maps, as well as a report concerning the condition of
the equipment from the AID Project is given in Appendix 1.

On the other hand, the National Seismic Network has been substantially augmented during
the first few years of the current decade by telemetry and strainmeter seismic equipment
from the AID-CIW/IGP PROJECT. The telemetry sipnals from the different seismic sta
tions installed in the Central and Southern part of Peru. allow one - after inputing them
into the System for Seismic Detection in Real Time (Autoseis) of the PRIME Computer
(AID) - to determine the focal parameters of an ~arthquakein real time and to first notify
DEFENSA CIVIL DEL PERU (Civil Defense of Peru) and other national agencies when
it is a felt earthquake or of Mb > 4, for example, from September 1, 1987 to October 3,
1987, we notified DEFENSA CIVIL (Civil Defense) of fourteen earthquakes of magnitude
Mb 2:: 4.2, (see map No.3 in Appendix II).

77



78

III. THE DST$ PERSONNEL AND THE AID-CIW/IGP PROJECT

$DST - La Direcci6n de Servicios Tecnicos (the Technical Services Department).

The great number of seismic stations operating in the country has allowed one in turn
to improve the monitoring of the national seismic activity as can be appreciated in the
following Comparative Table:

1.4

143

246

No. of Events/Year

Mb >4

88

3018

985

Mb >4

-No.-of EventsYears

1900-1962

1963-1983

1984-16/11/87

The maximum operativeness of the Seismic Stations not only has allowed us to monitor

the national seismic activity more efficiently, creating better opportunities for the carrying

out of scientific studies and other tasks related to seismology, but it has offered better

opportunities for other areas related to: seismometry, geology, physics, statistics, and signal

analysis. A list of almost fifty people, who have labored at DST$ and the Computer Center

in connection with the Seismic Network, financed initially by AID, is given in Appendix

III. On the list is included an estimation of the time worked directly or indirectly on the
",Telemetry and Strainmeter Seismic Network, listing in addition salary totals shown in

U.S. dollars. For the year 1988, the DST$-IGP estimated expenses can reach $578,150.

The epicenters preliminarily calcUlated are subsequently reprocessed with the greatest
amount of information which may come from the Nafia (WWSSN-IGP), Huancayo, Are
quipa (UNSA), or from the temporary.stations. The new focal parameters are included in
a monthly bulletin which is distributed by IGP to different interested national and foreign
institutions, (see Appendix II).
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IV. PROBLEM AREAS

The lack of replacement seismic equipment, supplies, scientific and technical journals,

vehicles in good condition, as well as the lack of a great number of people qualified for

the responsibilities created or to be created in conjunction with the Seismic Network,

are the greatest problems which have surfaced at IGP. Therefore since the current year,

negotiations at the highest level began in order to successfully obtain a Supplementary

Credit on the order of $80,000.=, for operating and maintaining IGP's Seismic Network

from the month of July 1987. This Credit, included in a new InvestmentProject (900020),

will be able to assure in part the better functioning of the Network and the manipulating

of data. Also we are counting on other Investment Projects which allow us to respond to

our commitments in connection with the Seismic Network such as was done for the drilling

of the holes for the dilatometers (Project 101010), making acquisitions for carrying out

studies concerning the improvement of the Seismic Network (900060), etc.

Some of our stations have been robbed, or destroyed by strong rains, electrical storms,

low temperatures, or by terrorist acts; reasons for which our staff and our equipment need

even better protection and dedication.

Dr. Manual Chang Ching

Director de Servicios Tecnicos

(Director of Technical Services)

INSTITUTO GEOFISICO DEL PERU

(GEOPHYSICAL INSTITUTE OF PERU)
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APPENDIX 1

• Technical Report concerning the seismic equipment of the AID-IGP PROJECT's

Telemetry Seismic Network and Strainmeter Network.

• Location Tables for the Telemetry Seismic Network of Central and Southern Peru and

the Strainmeter Network.

• General map of the Seismic Stations of Peru and the Telemetry Seismic Stations.

• Chronology of the PDR-l Equipment Installation of the AID-CIW/IGP PROJECT.

• System for Seismic Detection in Real Time, Report from Tech. Edmundo Norabuena.
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The following is the equipment'received by La Direcci6n de Servicios Tecnicos (the

Technical Services Department):

- 5 PDR-1 sIn
342

343

344

345

346

- 1 DSP-1 sIn
142

- 2 TDC-2 sIn
103

128

- 3 SS-l sIn
- 5 Solar Cells

whose operative state is the following:

" PDR-l EQUIPMENT

sIn 342:
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- Electronic-mechanical functioning OK.

- It does not have PRE-AMP boards.

- Recording and copying tests were not conducted for lack of cassettes and playback.

sin 343:

- It is operative and in good condition for being installed, pertinent tests were conducted.

sin 344:

- This piece of equipment is in good condition and operating.

- It is installed at NNA.

sin 345:

- Electronic-mechanical functioning OK.

- Recording and copying tests were not conducted for lack of cassettes and playback.

sin 346:

- This piece of equipment has no main electronic circuit board.

- Without relay' (Ki).

- Without belts on the recording unit.

- This piece of equipment was stolen during the last CIW field trip. Recovered subsequently,

substantially damaged.

Piece of equipment DSP-1 sin 142

- It has inscription problems, one has not finished repairing it for lack of components, it is
. .
m repaIr.
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- These seismometers were delivered to Dr. Selwyn Sacks. The serial numbers are unre~og

nizable. It is necessary for DCFTS to let us know the respective serial numbers in order

to be able to identify them.

Solar Cells
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Equipment TDC-2

sin 103:

Inoperative, display doesn't illuminate.

sin 128:

- Inoperative, display doesn't illuminate.

Seismometers Ranger SS-l (3)

_. One is at GUA.

- One is at PAR.

- One is at OUI.

- 2 as yet uninstalled.

Tech. Rider Navarro

/

Camacho, October 27, 1987
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Sincerely,
Ing. Antonio Flores

Division Head, Networks and
Electronic Lab.

Technical Services Department



TELEMETRY SEISMIC NETWORK OF THE CENTER (AID EQUIPi-lliNT)
RED SISMICA ·u:;1EriETiUCA DEL CC:iiTRO (C:Qu"rPOS AID)

CODEI CODE 2 NAME . DATE OP~RATIV£NESS
amIGO 1 amIGO 2 NOMBRE LATITUD (:OS)LONGITUD(OW)ELEVACION ~~I ~A1()' FUNDACICN OPERATIVlDAD

------------------------_~..J...r4a_1lI.J n1c~f2/Ci!!~~OLQGIC!.. __ _

11.236
CotJTn/l/!5

SAL SALINAS 77.611 282 1982/sigue Volcinico-Sedi Operativo

sm PT08 SUCRE 11.960 76.549 2880 1982/sigue meitarto-Cretac8B •Vo c. erC1ar10 erat1vo

SFE PT09 SANTA FE 11.677 76.193 5200 1982/sigue Volc.-Terc. Operativo

JON PTll JURI 11.549 75.754 4480 1982/sigue Arenisca-Cret. Operativo

COS mSHOS 12.153 75.560 4525 1982/ Arenisca-Cret. Inoperativo

ANC ANGONA 10.851 75.957 4800 1982/ Caliza-Triasi- Inoperativo
ex>

PAl PAJONAL 10.639 75.288 2800 1982/ ca. Inoperativo~

•

•



TELEMETRY SEISMIC NETWORK OF THE SOUTH (AID~QUIPMENT)
. , RED SISMICA TELEMETRICA DEL SUR (EQUIPC5 AID)

----~---------------,-----------_._------ -----
CODIGO 1 CODIGO 2 N<lmB! unTUD LONGITUD ELEVACION 'FECIA (DA,i:) FUNDACIOO OPERAnVIDAD
CODE 1 CODE 2 NAME lS11!fRr lEN/) . OPEHATIVENEtiS

(OS) (OW) (m.s.n.m.) IniciolCi.erre GEOLOGICA-----,------------------ ------------

MSR

(Xl PAR
01

GUA

ZAM

(,otJlnIlJf:S
PT01 MJRRO SOLAR 12.181 77.031 278 Oct 78/sigue Roea Sediment. ' operativo .

PT07 ISLAS 12.054 77.737 ' 33 1980/Die 81 Roea Hetam6rf. Inoperativo
HORMIGAS

PT02 QUIUfANA 12.943 76.437 510 Jun 77/sigue Pleistodniea Operativo

P'1'06 PARACAS 13.829 76.331 220 Jun 77/sigue Diorite Operativo

PT03 GUADALUPE 13.992 75.783 550 Die 77/sigue Roea Volcinica Operativo

PT04 ZAMACA 14.6722 75.6123 340 Jun 77/Har 82 Roea Met_rf. Inoperativo

•

:-------~~~~-~_ -.;..._~:.--~,------- ..-------,-------------,-----



,
EXTENSQME~ERRETWORK: STATIONS FOR CRUSTAL MOTION (AID)

RED EXTENSOMETRICA ESTACIONES DEL H>VIMIENTO CORTICALES (AID) IGP

[~j

----------------------------------------,---------
OODlGO 1 CODlGO 2 NOMBRE LA1'ITUD LONGITUD ELEVACION FE~ (Df\T~) FllNDACION OPERAnVIDAD

CODE 1 CODE 2 NAME (OS) (OW) (m.s.n.IIl.)i~1~/c:1~fre GEOLOGICA OPERATIVEi..JESS
------------- -------- -- -------------------

lAllA 76.8422
cofJrnJues

:'.: Opel:ativoNNA NNA 11.9875 575 1986/sigue Gabbro

QUI PT02 QUILHANA 12.943 76.437 510 1986/sigue P1&istooEniaa Operativo
Vo1canica

PAR PT06 PARACAS 13.829 76.331 220 1986/sigue Diorita Opp.rativo

CX) GUA PT03 GUADALUPE 13.992 75.783 550 1986/sigue Roca Vo1cini Operativo
(11 ca.

PAMPA BLANCAn°29 , 27" 75°28'31" 1525 Granodioriti Por !nst.!,
ca. 1ar

LAalAY 11°21' 27" 77°23' 13" 11.175 Cuarz0 grani- Por insta

to. 1ar

SafOOS 11°'2'50" 76°28'40" 1800 GraDoc!iorit.! Por inat.!.
ca. 1ar.

------------------- - -----------_._------------------,---

, !



IGP

EXTENSOMETER NETWORK
RED EXTENSOHETRICA

---------------------------------------------------------------------------------
COD. 1 COD. 2 NOMBRE/ESTAC. LATITUD LONGITUD ELEV. D~ FUNDACIOO OPERATIVIMD

COD~_.!..£Qm:_.l.~A!-~.L2~T_tQ~ ~~~~ ~W)_~~~~:.-1~WJJ.~L ::~:~I~ ~~::~~~~S

am PP03 ~ondor 13°32.47' 75°31.45' 1400 Operativo
GUA PT03 Guadalupe 13.992 75.783 550 Dic· 78/sigue Roca volcanica Operativo

Lachay 11°21'27" 77°23' 13" 175 Cuarzo granito Por instalar
NNA NNA Raila 11.9875 76.8422 575 1986/sigue Gabbro Operativo

Pampa Blanca 13°29 '27" 75°28'31" 1525 Granodior!tica Por instalar
PAR PT06 Paracas 13.829 76.331 220 1986/sig~ Diorita Operativo
QUI PT02 Quilmana 12.943 76.437 510 1986/sigue Volcinica Operativo

Songos 11°52 '50" 76°28'40" 1800 Granodiontica Por instalar
PT04 Zamaca 14.6722 75.6123 340 Jun 77/Mar 82 Roca metamorfica Inoperativa

SRA PP04 Zaramarca 14°29.13' 75°05.49' 750 ])estruida

----------------------------------------~-------------------------------------------CXl
-..J
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CHRONOLOGY OF THE INSTALLATION OF PDR-l Y EQUIPHENT
CROOOGRAMA DE -INSTALACIm DE EQUIPOS PDR-l Y

REINSTALLATION OF THE ANCON AND PAJONAL STATIONS
REINSTALACIOO DE LAS ESTACIOOES DE AHem Y PAJmAL

AID-CIW/IGP PROJECT •
PBOYECf0 AID-CIw/IGP

-------------------------------------------------------------~------------------------------------------

Jul.Jun.Kay.

78

Abr.

91

Mar.Feb.Ene..Dic.

1986

Nov.
ESTACION
STATION--------------------------------------------------------------------------------------------------------
Guadalupe ---.....
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Paracas ..........

Angora ••••••••••••

--------------------------------------------------------------------------------------------------------
Pajonal • • •••••••••••

--~-----------------------------------------------------------------------------------------------------



]

]

] 1.

]

]

J
J
J
J
0
0
D·
]

J
J
J
J
J
J

System for Seismic Detection in Real Time

The System for Seismic Detection and Processing in real time consists of the following

resources:

1.1 A main computer, PRIME model 250-11, with one megabyte of physical memory.

1.2 A 300 megabyte disk unit for secondary storage (contributed by IGP).

1.3 Two magnetic tape uIlHs~·Kennedymodel 9100 (1600/800 bpi, 45 ips).

1.4 Two Pertec tape units (Inoperative).

1.5 A printer, Printronix model 300 LPM.

1.6 A seismic signal pre-processor.

1.7 Two video terminals, PRIME PT25.

1.8 A Tektronix 4010 graphics terminal.

1.9 Two Heathkit H89 micro-computersco~e~~ed to th~ ~o~~.(I9l?'scontri_b~~ion)

1.10 A video terminal, VT-240.

1.11 An LA-50 printer.

1.12 A Kinemetrics digital playback unit, model DSP-3, connected to the host. (IGP's

contribution)

1.13 A 64 Mbytes CMD disk unit (inoperative).

As for the service lines the 250-11 system is presently saturated.
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2. Computer System, PRIME model 2655

This new system would replace the f<?rmer one. This would improve the performance of

the system for real time seismic data acquisition and processing. Tne system, which has

been received from Carnegie Institution of Washington, as part of theAID/CIW/IGP

PROJECT, is a basic system consisting of:

2.1 Central Processor 2655 with four (4) megabytes of physical memory.

2.2 A 496 megabyte disk unit, including controller.

IGP has acquired a controller which would allow one access to this system with

16 asynchronous lines. The ~ew system would allow one to possibly incorporate

one of the Pertec tape units which to date is inoperative.

The result of integrating both systems would enormously elevate the performance of the

system for real time data acquisition and processing, whilst permitting its· parallel usage

in interactive processes connected with seismological studies and related geophysical appli

cations. The basic possibilities for expansion consist in the total use of the asynchronous

lines which would allow one to connect additional resources such as: digitizers, plotters,

graphics terminals, digital playback systems, and workstations based on IBM PC's.

Monterrico, October 28, 1987.

E. Norabuena
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APPENDIX 2

• Map of the distribution ofEarthquakes of Mb ;:: 4.2 reported to DEFENSA CIVIL DEL

PERU (Civil Defense of Peru) between Sept. 1, 1987 and Oct. 3, 1987, 14 earthquakes. -

• List of Institutions to which IGP sends Monthly Seismic Bulletins.

• Sample Preliminary Seismic Bulletin No. 084 - Sept. 1986.

• Autoseis Seismic Signals for the earthquakes on November 3 and 4, 1987.

• Copy of Seismograms from Quilmana Station - Main Event and Aftershock of 15/06/87.
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7. 1BlVERSIDAD IE TAQfA

8. IHSnTUl'O CEonSIOO JEt PIRIJ

1. CEHnO DGICBAL IE SIStm.OGU PAIA AlmUU IEL SUI. - CZIISIS

IDa. Imuto D...

Dr. Mut• .:l I.hit.uta

Dr. tAOIlidu Ocola A.

I Ina. Mateo Caanerde ll!o

.•

- .-
ClSSDVATOIIO m BtJARCAYO

PUSII£NCIA EJlct1rIVA

DIHCClCli DanCA

DCI'l'S
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LIST OF INSTITUTIONS TO ~ICH

UtI! 18 DlIDVClCIIS ! LAB c:u&II

IGP SENDS MONTHLY SEISMIC BULLETINS
~ laP IIMIft IOtftDIIS SUMl(X)S IaSUWtS

2. Dr. SAeD -Ctlt,.;""klD-USA

3. INmTUTO RACICIW. 1E BSTADISTICA IZL PDtl - IRI

4. SISTEMA IfACIOMAL IE IElERSA CIVIL lEt PDU

5. BIDIOGRAnA Y FDOS MAIIRA lEt PIIm
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BOLETIN SISMICO PRELIMINAR,

(PRELIMINARY SEISMIC BULLETIN)

EI Boletin Sismico Preliminar (BSP) - The Preliminary Seismic Bulletin, is a publication

of el Instituto Geoflsico del Peru (the Geophysical Institute of Peru), aimed at furnishing

information about the seismic activity which occurs in the country.

It contains the hypocenters calculated by the program "FASTHYPO" with a veloc

ity/depth distribution model derived from the inversion of the distance curve - the time

is obtained from the records of shallow earthquakes recorded at the seismic stations which

operate in Peru.

In the determination of the focal coordinates of the BSP remote stations with a telemetry

link to the Center for Seismic Processing in Real Time are generally used. Therefore the

time control is precise, and in some cases stations belonging to the worldwide network are

added: Nana (NNA), Huancayo (HUA), and Arequipa (ARE). The epicenter coordinates

are expressed in degrees and the error in degrees and kIn. The depth is given in km and

in cases where the error is 0.00 km, it means that the program has not resolved the depth

and the depth must be considered a constrained value and therefore not reliable.

The magnitude mb is calculated using the NNA Station according to the formula: mb =

log (A/T) + Q, where A is the amplitude of the P wave in microns, T the period, and

Q is the distance-depth factor. This relation is utilized for all the earthquakes where it

~as possible to read the amplitude and the period of the P wave on the vertical short

period (SPZ) seismograms, even for earthquakes where the mb is not defined, that is, with

a distance to the hypocenter less than 555 km.

In some cases the magnitude given by the National Earthquake Information Service (NElS)

has been given.

The Intensity is measured according to Modified Mercalli (MM) scale.
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The focal coordinates are preliminary. Their final value will be calculated, using the com

plete national network, and published in el Boletin Sismico de Peru (the Seismic Bulletin

of Peru).

•
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INSTIlUTQ CECFISICO DEL PERU
••••••••• -a ........_

-~-----~-..,....~------_-.- ....~-----. --~........ ~.. ... -. .--..._~-..-.............. -
1 ANG ANOONA 10. 811 .71.."7 4800
2 ARE ARE AREGUIPA 1.6.462 71.491 2451
3 BAG 8AGUt\ OS. 6.a6 78. '" . no
4 CA" CAJMARCA 47.0&) 18.m. 2676
S CAL PP02 CALACHOl" . 12. 627 71.•71 165'
6 CArl PliO CAMACHO 12.07' 7•• 969 274
7 COS COSMOS 12. 113 7'.~ 4121
8 CHA PP08 CHALHUANCA 14.2&8 73.24' 3000
9 CHI ctFB CHICLAYO 06. 761 79.861 60

10 CUZ CUZCO -13,.163 71.877 3240
11 ElE CliP7 ETEN 06.,940 7'.811 200
12 QUA PT03 OUADALUPE .\~. 9ft ~I.783 ISO
13 HUA HUA HUANCAYO ...12•.038 71.323 . . 3313
14 HCO HUANUCO ,09•.130' 76.230 1851
l' ILL CHP9. lLLES~AS . 06•.02' 10.94' 380
16 - ~ PTll JUNI .11 •."9 _ 7.1.70" 4W80
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18 MOY PPll MOVA . 13".02' 74 138 3300
19 NNA ~ NANA 11. 987 76.842 575
20 OAS OASIS 06. 336 80.37' 40
21 OL" 0U10S OS.97\) 79.710 150
22 PfnJ PA~AL 10. 639 71. 288 2800
23 PAR PT06 PMACAS '13~ 829 76.331 220
24 POC PTO. DCaPA - 11•.210 74.23')·· 750
2S PUG PP06 PUGUIO -14.696 ·74"124 ~OO
26 QUI PT02 GUIUtANA 12•.943 76..4137 110
27 SAL PTA. SALIrN .. 11.236 77.611 282
2S ~ PP09 SAN~ . :11. 306 . 71.·179 75 .
29 SFE PT09 SANTA FE . : 11.677 . 76. 193 '200
30 SCH PToe SUCt£ 11••60 76. 149. aBO
31 lAC TACNA .18.010 70.260 S60
32 ltD TARN-OTO 06.180 76.380 356
33 TOC PPOS lOCOTA 11.656 74 087 1001
~~~~~~~~~~~~~~~~~~~~~~~~~~~,-.,~~~~~~~~~,~".~~"~"~~~~~~~~~~~~
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Se~yicios Tecnicos

1996

100



101

!

S-ftES NT flAg
-0.3 0

0.6' 0
0.3 0
o. J 0 3.7I1b

6-R, NT MO-0. 0
O. 0

=8:8 8
-0.9 0 3. 5Mb

s~c
61.9

C:~
86.8

S-SEC S-RES NT MAO
61.9·. -0.3 0
'7.1 0.6 0
58.7 . 0.3 0
~. a O~: 1 0 3. 711b

in
U:8
17.9

-'. '

O.3866M
O. 3662IUI

4.4254M
4. 3741Kn

4.G54M
"4. ~74JM

P-RES &IT

8:1 8o. 8-I.
0.4 0

'''-REB UT
-1.0 0
0.1 0
0.1 0
4.6 4

I

TPCIt! P-RES lIT
24.2-1. O. 0
20. e' 0'1 021.9, . O.. O.
21~ 0'·· 4.6 4'

TPCA'. : . p-Rn lIT S-SEC 8-REB WT HAQ
-i2.4' O. 0 30.3 -0.1 0
It: ~ '=8: 8·'," iI: i, .-8:'8 8
12.9 0.0 0 31.0 -0.1 o 3. 6Mb

TPCAI P-Rj 1 B-:Ir8 ' a-RES NT flAglao 2 -0. . •. . -0. 1. 0
ft: S' -8:, '. ~S .., -8::1 8
20.6 5~,q 4 0.0: o.q 0 3.~b

TPCN.

II: ;
13.9
29.3
13.4

PM.

P-SEC
30.0
40.7
34.4
43.'

P-SEC
43.5
41.3
42.4
46.0

P-SEC 1?CN
43.5 24.2
41.3 20.8
42.4 21.9
46.0 21.0

P-SEC
21. 3
25.0
24.7
21.7

P-SEC
9.S
8.S
9.9

22.3
9.0

.·PICENTRO NO. 1
PERU, 02 SET 1986
HORA: IH46" 'So ISS 0:11
LATITUD: 12.477'+- 0. 021..
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PROFUNDI: 65. 13+- 5.
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LONQrTUD: 77.4140+- o. 164W
PRDFUNDI: 55.91+- 2.79K"
ttAQNITUO:
J~~IB~ST

PtDR 70.S1
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RHC- 0.264

I~PIC~?O~SET14
HDRA: 4H51" 36. 515 e:-tl
LATJTUD: 11.7021+- 0.00318
LONQITUD: 77.3169+- O. ~~u
PROFUNDI: 55.67+- o.~
~NITUD: 3.2 "b
INTENSID:
STA DIST AIM AIN
ARE 819.87 309 50
~R 61.48 329 133
SCH 89. 19 288 125
SAL 60.70 148 133
NNA 60.79 301 133

RHC- 0.065
(. P I CENTRO NO. 8

PERU, 07 SET 1986
HORA: 7H37" 15. 165 OK.
LATITUD: 15.9153+- 0.06108
LONQITUD: 75.0853+- 0.135'"
PROFUNDI: 15.42+- 7.44K"
~QNITUD: 4.9 "b
INTEN5ID: ,

STA DIST A2M AIN
GUI 359.90 156 114
~R 463.37 153 114
SCH 464.91 160 114
SAL 585.26 152 50
tIlIA 429.73 176 114.
NNA 474.04 156 114

RI1C-= 1. l1CJ
I P I CENTRO NO. 9

PERU, 07 SET 1986
HORA: 18H19" 38.945 O~I
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INTENSID:
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I~PICENTRO NO. 10
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RMC- 1. 103
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l· P ICENTRO NO. 11
PERU, 12 SET 1986
HORA: 9H26t1 40. B9S ~I
LATITUD: 13. ISOS+- o. 026"
LONOllUD: 76.3889+- O.0422Q
PRDFUNDI: 68.17+- 6.~
MAQNITUD: 3.8 Hb
INTENSID:
STA DIST AIM AJN
GUI 23.87 167 161
PAR 80.46 356 132
MeR 127.85 147 122
SFE 164.42 187 119
SAL 249.99 147 116
HUA 168.97 223 119
NNA 137. 70 159 121

RI1C- 1. 163
(. PICENTRO NO. 12

PERU, 12 SET 1986 .
HDRA: 13H21M 16. 555 Cf1,
LATITUD: 8.4121+- 0.07608
LONOITUD: 75.8901+- O.078OU
PROFUNDl: 68. 60+- 3.86Kt1
KAgNITUD: 4. 1 t1b
INTENSID:
STA DI5l AIM AIN
QUI 504; 38 6 50
t'IOR 43~. 10 16 ~O
SFE 362.65 5 115
~N 347.50 356 115
SAL 364.73 31 115
NNA 408. eo 14 50

RHea 0.929
I'PICENTRO NO. 13

PERU, 12 SET 1986
HORA: 17H34M 43.385 C"I
LATITUD: 16.4106+- 0.11598
LONGITVD: 73.7385+- O. O~
PROF'VNDI: 100.00+- O. OOKH
t1AGNITUD: 4. 3 Mb .
INTENSID:
STA DIST AIM AIN
PAR 396.41 135 114
HOR 587.20 142 114
SFE 586.85 153 114
SAL 708.93 143 114
ARE 239.89 271 114
HUA ~13.01 160 114
NNA 592.68 145 114

RHe- 1.375
t· PI CENTRO NO. 14

PERU, 13 SET 1986
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LQNOlTUD: n. 0547+- o.~ -
PROFUNDI: 13.00+- O. 00Kt1
KAONITUD: 3. 5 Hb .
INTENSID:
SlA DIST AIM AIN
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HUA 250.28 228 114
NNA 172.63 187 114
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P-SEC
53.9
48.5
52.3
59.1
bl.0
70.'
50. ,

P-SEC
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P-5EC
3.1
2.4
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I P ICENTAD NO. 1:5
PERU. 13 SET 1986
HORA: ~2H 8tI 57. 649 o.~1
LATITUD: 12.6931+- 0.01241
LONQITUD: 76.8169+- 0.0277\4
PROFUNDI: '0. 18+- 4.61~
~QNITUD: 3.4 Mb
INTENSID:

STA DIST AZM AIN
QUI 49.:51 303 136
"OR 61. 19 157 130
SCH 86. 49 200 123
SFE 131.26 211 118
PAR 140.43 338 118
SAL 182.85 151 116
HUA 177.75 245 116
NNA 78. 15 178 125

RMC- 0.738
FPICENTRO NO. 16

PERU. 15 SET 1986
HORA: 6H 51'1 37. 525 0:1.
LATITVD: 12.3730+"'; 0.03778
LONQITUD: 77. 0356+- O. 03a0Q
PROFUNDI: 57.67+- 6.43X"
"AONITUD: 4.4 Hb
JNTENSID:

STA DIST AZM AIN
OUI 90.36 313 125
HOR 21.25 181 160
SCH 70.62 229 130
SFE 119.66 229 121
SAL 140.49 153 119
HUA 189.81 258 117
NNA 47.75 206 140

RMCe 1.399
,'PICENTRO NO. 17

. PERU, 16 SET 1986
HORA: 4H271'1 .0.635 C~I
LATITUD: 10.01BO+- 0.14018
LONGITUD: 78. 7442+- 0.2026U
PROFUNDI : 120. 00+- O. 001'.11 .
flfAONITUD: 4. 5 Hb
INTENSID: III MM CHIHBOTE. II ~ CASH4
STA DI5T AZH AIN P-SEC TPCAf P-PES UT
MOR 303.61 322 114 49.1 48. 1 0.4 0
SCH 322.40 311 114 51.3 '0.4 0:2 0
SFE 333.42 303 114 53. 7 51. B 1.3 0
JUN 371.45 ~97 114 ~7.0 56.' -0.2 0
CHI 380.27 161 114 57.8 57. 7 -0.5 0
NNA 301.02 316 114 39.0 47.7 -9.4 4

RI'tC- !. 187
f PICENTRO NO. 18

PERU. 16 SET 1986
HORA: 6HIIM 49.655 ~I
LATITUD: 13. 4~+- O. 02438
LDNQITUD: 76.9275+- 0.05b6W
PROFUNDI: 20.00+- 46.9S1~
~NITUD: 3.7 Mb
INTENSID:
STA DIST AZM AIN
QUI 81.46 226 114
PAR 83. 14 304 114
SCH 171.41 196 114
SFE 213.75 203 114
NNA 162.35185 114

RMC= 0.944
f PICENTRO NO. 19

PERU. 16 SET 1986
HORA: 4H28M 44. 90S OM.
LATITUD: 9.2594+-. '0.1'666
LONOITUD: 78.4509+- 0.2C36W
PROFUNDI: 89. 07+- 9. 4OYJ1
KAGNITUD: 4. 1 Mb
INTENSID:
STA D1ST AZM AIN
SAL 237. 13 337 118
OUI 462.62 331 50
MOR 358.46 334 50
SCH 364.37 325 50
CHI 316.65 150 50
JON 391.77 310 50
SFE 363. 79 317 50

InJ,/J NNA 349.29 329 50
v RttCIl: 1. B9:!
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,,~ 4 ,-0.5 0
35.2 -S.:2 0
41.6 .3 0
43. 6 ;', -0. 0 8
54.. 3' 1."-
0.0 0.8 0

46.4 -16. 4
, 41.4 -2.0, 0 3. 2Mb

S-sEC
d:~

1·7
.8
.4

8 .1

":G
14.'

3.9067M
8.1797K11

11. 7516.-uf
1~._es2~

i:m:R

P-RES UT
-o~e 0
-0. I 0
0.2 0
0.6 81. 1
0.0 0

,-I. I 0
-0.0 0
0.8 0

P-RES UT
-0.1 0
-2.0 0
.0.4 0
1.0 0

-0."- 0
1.2 0

P-RES &IT
-S:Z g
1.' 0
0.3 0

Y:I 8
-g:t g

1.0 0

s··

TPeAt
17.3
20.7
27.9

II:'46.4
47.8
26.0
39.9

TPeN.
49;2
59.8
68.1
61. I
69.0
69.8

TPeAI .
23~6
11.6
11. ,
16.3
23.1
29.9
29.3
30.6
1•. 6

PAC.

P-SEC
9.4

13.6
21.0
29.2
38.6
39.4
39.7
18.9
33.6

P-SEC
3.4

12. 1
26.8
20.4
26.8
29.3

P-SEC
39.3
27.'
29.5
32.8
37.8
47.0
31. 8
31. 8

P-SEe
52.0
41. I
42.7
45.9
52.9
60.:5
58. I
60.4
45.0

FPICENTRO NO. ;0
PERU, 17 SET 1'86
HORA: IH 21 29.335 0111
LATITVD: 12. 71~~+- O. 0208S
LONOITUD: 76.9166+- O.0246W
PROFUNDI: 46.38+- '.89K~
KAONITUD: 3.9 Mb
INTENSID:
STA DIST A1M AJN
PAR 142.42 334 117
GUI S7.71 295 130
tmR 60. 40 168 1~9
5tH 93. 05 206 121
SFE 139.21 214 117
JUN 183.58 ~5 ,115
SAL 180.24 155 116
HUA 188.65 246 115
NNA 81: 03 185 123

RP1C- 0.990
I'PICENTRO NO. 21

PERU, 17 SET 1986
HORA: IH 9M 15.035 Oft I
LATlTUD: 12.6930+- 0.03538
LONQI TUD: 76.6449+- 0.07&4U
PROFUNDI: 66. 30+- 9.91M
MAONITUD: 3.2 Mb 'INTENSID: ' ,

SlA DISl AZM AIN
PAR 134.85 346 121
OUI 35.49 320 152
I10R 70. 39 143 134
SCH 81.88 187 130
5FE 122.65 203 123
SAL 192.38 146 117
HUA 160.87 243 119
NNA 80.89 164 131

RMC= 2.003
,. PICENTRO NO. 22

PERU, 17 SET 1986
HORA: . 6H26M 18.315 onl
LATITUD: 15.6300+- O. 10~8
LDNQ I TVD: 74. 4566+- O. 1~
PROFUNDI: 100.00+- O.~
HAONITVD: 4. 1 Mb
INTENSID:

STA DIST AZM AIN
PAR 281.15 133 114
OUI 366.18 144 114
SCH 464. 20 151114
HUA 408. 25 166 114
P1DR 471.98 143 114
NNA 478. 15 147 114

RMCs: 1. 455
( PICENTRO NO. 23

PERU~ 17 SET 1986
HDRA: 12H44M 52.94S O~I
LAT~TUD: 10.6346+- 0.03188
LONO I TUD: 75.0435+~ 0.03'~
PROFUNDI: 12.91+- O.~
KAONlTUD: 4. 1 Mb
INTENSID:

STA DIST AZM AIN
ANQ 103.05 75 114
JUN 124.88 35 114
SFE 170.30 47 114
SCH 219.29 48 114
MOR 275.84 51' 114
SAL 287.87 ,76 114
OUI 296.64 30 114
HUA 158.19 11 114
NNA 246.29 52 114

RMCc 0.799
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n
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U

n

n

l J..

n

U

u

n
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U

n
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I ;
I

LJ

n
i
U

r
I '
U



fI
I
LJ

r
LJ

f'
I
U

r.
L.:

•

n
I,
l..J

f'
I
l.J

p

L

S-RES tiT MAQ C
0.0 0
0.0 0
0.0 0
1.4 0
0.0 0

-1.6 0
O. 0 4 4. 7Mb C

\-011..1

G-nED t:rr MAO
·-0.6' 0
-0.1 0
-0.9 0
0.0 0
~0.2 0
0.0 0

S-RES UT MAg r
. 1.2' 0 LJ
..-1.4 0
-0.2 0 n
-2.4 0 i

21.S 43.4Mb lJ

O~EB ~T MAG
-0.7 0
-0.5 0
9.9 4
0.5 0

-B:~ g
3.1 0
0.0 o 4. 4Mb

a-SEC
0.0
0.0
0.0

96.S
0.0

62.6
0.0

a-SEC
40.9
42.2
46.6
0.0

46.0
0.0

B-SEC
73.6
66.6
76.9
98.9
97.5

S-SEC S-REB tJT MAO
93.2 0.4 0
99. 1 0.6 0
60.7' -0.0 0
90. 0 -2. 4 2 4. 1Mb fI

L'
':

r
LJ

·9-GEe
190.7.
146.3
146. 1
6~.2
(\3.1

la6.9
197'8O.

6. G6CJ::1J1
4.7~9~

19.3609~
15.S29ChU1

7. 1220XM
9. BI29"1J1

P-RES t4T'
o.a 0
1.6 0

-1.7 0
0.5 0

-0.0 0
-0.3 0
-0.0 0

p-nea UT
-0.7 0
-0.6 go. 1.

O.S 0
-0.3 0
0.0 0

10.~~;ul
6.1Y~

P-RE9 lIT
1. a 0
0.3 0
0.9 0

-0.4 0
22. 7 4

; lao 0774~Ji
U. 46to~J1

P-RES UT
-0.3 0
-0. ~ 0
3.0 4
0.0 0

P-IlEO tn'
-0.3 0
0.0 0
4.6 4
0.0 0

.8:fi 8
-1. l 0
-0.. :1 0

TPCAI.
77.5
70. 1
72.3
64.4
76.S
46.4
68.9

TPCAI
16.3
16.0
19.9
15 9
19.0
16.3

TPCAI
15.0
12.5
17.7
31.7
16.9

TPCAI
loa. I
99.9
95.7
52. I
91.0
09.3

103.6
99.~

P-SEC
62.2
55.6
54.5
48.S
60.7
30.0
52.0

P-5EC
28.9
29.4
32.9
29.6
32.0
0.0

P-SEC
63.2
59.2
65.0
77.7
86.0

P-SEC TPCAl
56.9 46.0
61. 9 49.3
43.6 27.5
59.7 45.8

p-s~c

76.3
74.7
74.7
0.0
0.0

63.C!
77.0
73.1

AIN
158
155
141
163
143
159

AZM
340

8
347

75
303
358

28
1986

OH57M 43.925 CM.
10.6418+- 0.17509
73.0618+- O. 1422~

53. 45+- 14. 0:111.'1
4.7 Mb

AZM AIN
44 50
55 50
68 50
68 114
82 50
57 115
70 50

I: P I f"sJrno t.:fl 2.0
n!RU.20 SET lcnl6
~ A.: 'ffl IR 34. Q1S ~,
LATITUD: 5.5~45+- O.OY4~J
L(t\IGITUD: n. 1645+- O. 0560~
pnOFUNDI: 100.00+- O.CD""
~GNITUD: Q.4 Mb
n.rrENSID:
STA DI8T AZM AINnoR 736.39 358 114
SCH 715.09 354 114
JUN 685.07 346 114
ETE 336.60 62 114
CHI 327.81 65 114
SAL 633.61 4 114
KUA 748.25 344 114
t~A 715.68 357 114

IU"iC=· 1. 527
1 P JcEtJTRO NO. 25

PERU,20 SET 1986
HORA: 14H14M 13. 145 OMI
LATITUD: 10. 1696+- O. 17079
L~~GITUD: 78.7263+- 0.1669U
PRDFUNDJ: 46.70+- 37.6~
MAGNITUD: 4. 1 Mb
INTENSID:
5TA D15T AZM AIN
HCR 287.60 319 114
SCH 308.52 309 114
SAL 167.99 313 116
NNA 286.14 314 114

RHe= 1. 163
f' PJCENTRO NO.' 26

PERU, 20 SET 1986
HORA: 15H30M 46. 3SS OtU
LATITUD: 12.7471+- 0.OA~4S

. LONGITUD: 76. 7816+- O. 0905U
PRDFVNDl: 67.21+- 11.57V."l
MAGNITUD: 3.4 Mb .
INTEN5JD:

STA DIST AZM AIN
MeR 66. 18 156 135
QUI 43. 12 299' 147'
5CH 90.94 196 128
5AL 189.93 151 118
NNA 84.32 175 130

RHC= 1. 676
I' PJCENTRO NO. 27

PERU,21 SET 1986
~A: OH31M 13.235 en,
LATITUD: 11.0742+- 0.06226
LONGITUD: 76.8513+- 0.0135W
PROFUND I: 289. 60+- 5. ae~11
riAGNITUD: .
JNTENSJD:

aTA DIST
5CH 106.65"
noR 126.31
GUI 214. 16
SAL 83.80
HUA 200.44
IIa\lA 103.61

RnCI: 0.568
I P JCENTRO NO.

PERU,21 SET
HORA:
LATITUD:
LONGITUD:
PROFUNDI:
I'iAQNITUD:
INTENSID:

STA DIST
PAR 503.99
QUI 444.72
KOR 462.52
5CH 404.04
SAL 498.41
HUA 28a.82
NNA 435. 57

RHCa 1. 539



..:"

•• t" '>

....:.

a-nES WT fiAg
-1. 1 0
1.0 0

-0.5 0
-0.4 0
. 0.0 0

0.0 0
-0. G 0
0.0 0

-0.6 0 4.4

O-REB liT HAG

:1: ~ g.
l~ 1 0

-0.3 0
-2.0 0
-2.1 0
-o.a 0 3.4~

:-.
,.0 • '".

a-ec
V1:8
68:8
0.0

S-SEC
93.9
62;:3
72.0
SI.1

O.Q
o~o.so. 0
0.0

49.'5

O~C' a-RES WT RAG0'1· 0.0 0
~.: . -g.4 0
~. .4 0:g. n 0.0 0
"6 •.7 '6.4 4 3.3fiJ

S-SEC
a2:8.;;.0
tI4,'9
35.7
49.0
26.S

O-EEC " lJ~ m HAG
. 57.9 <-10. <J. 4

40.3 -6.0" 4
aa.4 ·-a.l 0
~.G 1.1 0
28.2 .. -0. g 0

• 0'· 0.' 0ag. ~ -0.. 0 4. 11

a.404~
3.OY~

::l.~
~.I637«M

P-RES trr
-0.3 0

1.3 0
0.4 0
0.7 0

=8:8 g
0.4 0

-0.7 0
0.3 0

p-nEQ UT
1.1 0-a.Q 4

-0. a 0
1.2 0
0.4 0

-l.ll 0
0.1 0

I '

"

TPeAl. ."p-mm UT

~:~ 8:1 8
~:9 =8:3 g
37.2 6. a 4

. .
TPcfj,". p-mm UT
so. 1 .o.~a 0

~:~ -8:~ n
18. 5 a. () 04
32.U 1.7

TPeAt - P-RES llr

la.a l.a g
a. 'i '0. ~13., ·2.0 0

33. I. 1 0
~2. 0.3 8
..,0. -0.6
16.9 1.2 0

TPCAf
35'121.
27.S
IS.S
A~:~
15.3
103.~
14.9

TPCAI
48.0
~5.0
25.9
cU. 4
24.7
3O.S
22.~

10/,

P-Sa:
27.0
22.Q
25.,/
16'838.

P-S~

18'i8.
34.
35.
41.5

P-SEC
12.0
17.4
13.~32.
21. ::J
28.1
16.1

P-S~C:
34.1
17.7
10.7
B.C!

10.7
14.7
8.8

P-s£c
59.0
47.0
52.S
40.7
39.3
46.4
40.g

127.
39.S

t· P IcEtJTno r~o. 2Y
PEnU, eU GET 14106
~A: lH41H sa. OSS Cit I
LATITUD: 13.9q~- O.oac:J
L~~QITUD: 76. 1863+- o.~~~

PRDFUNDI: 59. 71+- 3.4,l-\Sl
MAQNITUD: 3. 1 Hb
INTENSID:
STA DI9T AZM AIN
EUI 114.94 166 122
PAR 19.32 114 162
SCH 223. 45 170 116
HUA 231. 31 203 116
~A 22B.38 161 116

RHCa 0.389
t- P ICENTRO NO. 30.

PERU, 21 SET 1986 .
~A: SH OH 57.476 mi,-
LATITUD: 12.7515+- O. 02110

~~~~ 75e~~~:: o.~
HAQNITUD; 3.a fib
INTENSID:

BTA DI6T AIM AIN
PAR 17D. 10 42 J22
'GUI 127.24 80 127
SCH 162. 62 122 123
HUA 79. os 176 139
NNA 189.42 116 121

RHe= 0.537
('PICENTRO NO. 31

PERU, 21 SET 1986
HORA: 6H 3H 58.025 ~t
LATITUD: 12.8261+- 0.03078
LQNQITUD: 77.0102+- 0.047f9
PROFUNDI: 51.37+- 10.~
HAQNITUD: 3.4 Hb
INTENSID:
STA DIST - AZH AIN
GUI 63:49 281 130
8CH 108. S6 208 120
MOR 71.40 178 127
HUA 202.93 244 116
PAR 136.50 328 118
SAL 187.63 159 116
NNA 94.67 191 122

RHC= 1.495
(. P I CENTRO NO. 32

PERU, 22 SET 1986
HDaA: 5H20M45:59S ~I
LATITUD: 11.1332+- 0.05228
LONQITUD: 76.5394+- 0.~42U
PROFUNDI: 100. OO+- o. OQ;ut
HAONI TUD: 4. 1 Hb
INTENSID:
STA DIST AIM AIN
PAR 304.24 356 114
eUI 200. 19 356 114
hOR 127.61 24 114
SCH 91.46 0 114
SAL 117.36 84 114
HUA 166. 07 307 114

. NNA 99.92 19 114
RHC= 1.334

r P I CENTRO NO. 33
PERU, 22 SET 1986
HORA: 7H53M 24.255 eMt
LATITUD: 12.0813+- 0.0232S
LONQITUD: 76.7054+- o.oassu
PROFUNDI: 93. 47+- . 2. S5:\fi
MAQNITUD: 4.4 Mb
INTENSID: III MH LIMA
STA DIST AZM AIN
PAR 202.38 349 121
GUI 99.39 342 134
HUA 150.44 268 125
MOR 36.96 72 159
SCH 22.43 233 167
SAL 135.86 133 127
CAM 28.66 91 163
ARE 742. 12 310 50
NNA 17.88 125 169

RHea 0.802
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n
i
U

{ .
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~
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u
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G
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rll
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CD
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=0
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2.1::l~
a.16~n

";l.!

"

o
o
o
Q

O-aEO f:J1" HAS r'r
-0.2 0 L·

O. t 0 l
0.5 4

-~: & ~ Lr
0.0 0 L

-0.4 04.tH£)

[r
l

Lr
L

S-t~ Il \ Rr.Q C{
-o.a ~

-0. U ~ C-0. S v

-3: 1 34. SI1tl (

[I
C
[I

C

C
C

C

C

S-RES liT MAg
0.4 0

-0.6 0
1. 1 0

-0.4· 0
-0.9 0
-3.2 4

-44.9 44.6Mb
,nl-lW

G-IlES liT HAQ
-1.4 0
-0.2 0

~:~ i
-2.7 4
-0.6 0
-2.3 04.0Mb

O-aEO ~T "t.a
-0.0 0
0.7 0

-1. 4 0
-27. 7 4 3. Ol'tb

o-ec
0.0

t07.9
102.9
0'.4

106.4
60.0
CJ~. s.

o-GZC
D~.4
62.0
S7. ~ .
4U.6

0.0
. ;0.0
40.5.

S-SEC
61.5
73.2
97.2
91. 1

120.6
70.5
51.0

B-65C
~.4
27.0
45.4
44.5
79.1
70.0
49.4

a-~'
~9.0
67.3
91.4
64.5

S.44'iSiIJ'I
6.7698:'.11

4.7227lUi
6.e07f~

p~~~ til
-0"0 0
0.4 0
o. ~ 0

-0. (;, 0
O. \ 6
0.0 "

p-Qeo uv
-1.4 4
-0. SO·

O.:=J 0
0. II Q

-0.4 0
-t. a ~

0.6 0

P-RES liT
0.2 0

-0.3 0
0.8 0

-0.2 0
-0.6 0

1.5 0
. -1. 7 0

P~EB uT
-0.5 0
-0. I 0
1.0 0

-I.S 0
1.6 0
1.1 0

-o.s 0

P-DEC Uto. ~ 0
t. ~ 0-o.a 0

-13. 7 4

WCN.
63.4
4~. 7
47.0
30.0
4Q.2
~7. \
42.3

welt'
{)~. 0
49.3
46.4.sv. r
4e.3
<!f.SJ
41 9

TPC'"
44.4
81.7
64.6
62.0
79.3
81.7
64.5

TPeAI
13.0sa.6
23.0
27.4
41.3
37.2
26.3

W((\I.
1 1.1
14.6
29.7
aq.3

f'-ScX
84.2
71.4
6fi.1
60.C!
10.~
4~.O
64.9

P-Sla:
38.0
25.~
~3.~
l~ .~

24.3
;].0
1B.9

P-SEC
28.8
35.6
49.6
46.0
62.9
37.4
47.0

P-SEC
IB.7
IB.7
30.2
32.1
49.2
44.9
32.0

p-sa:
52 .0
57 .~
70.9
57.0

~It~
1.1. 4
11~
114·
11~

114
1.1.~
U4

Ant
23
33
~
~

76

P~. a
I~P lcarrno t.:tJ. ~

"SlUt 22 \lET 1~6
~ {\: \OH'35t! 41 .:f1' co eN' '.
~~~rT8D: Jg. ~g:: 8. ~~0
ffiDflt'.JO.r: 53. 50+- f. OWl
M~"l"UD·. 3. 0 flO

"~fS '8k 5t AIn (\1 tt
PAn 4b. 60 . 312 139eu [ 16 . 05 1 c;a 12 7
GC H IGO. 03 184 116
C~A 178.34 173 116

...oCa 1.2G1
I~ PIC exIT~ r.:o. 35

n:JHh22 SET 1986
KIli\.l\: t4H 6\"\ 3a. 435 .eN\ .
l,IlTlTUD: 10. s:ro~- O. 003~
urNQt1"UO: 74. 9410+- O. GSae1
p(tonmO[: 61.49+- a.O~
~Gt.nTUD: 4. 1 fib
Ei:iTa5ni:
STA DIST AZH AIN
PAP. ~4 • 4:J 22 50
GU[ 'S06.63 32 11~
f\lJP. 281. 66 ~ 11 ~
JS(iftl ~ • lit .&;;g l teSt
6AL BCl . 'il 16 t 1~
~J~ !~Ij.. ~4 !4 t.11l
ttNA 255.16 53 115

P.?fC a Q • .; 74
t: f'ICjU{TOO t-;O. 36

f'fRfJ.22 SET 1.,66
talitA: t6H 1M 21. T2S ai.
LATrTUD~ IO.603~- o. ~lq~
UJNQITUD: 74. 6881+- O. 01904
f"«OfVNGC: l~t 06+- o.oOYt .
ftAGtUTtJD: 4. :) f1~
Ima.'SID:
STA lUST
PAR ~5.33
6\H ~8.45
tmR ~1.32
SCI{ 234.31
SAL 305.16
r~i:. it.o .~ \0
r~A 26J • 90 S4

w=;c a ~. 4 'f1:;
I.~v.·[r.c~m ~. :)1

H~~~2~SqltUWt 6.219 eMI
LATITUD: 13.4251+- 0.01270
L~~9ITUD: 76.8573+- 0.06SOU
PIlOAmDI: 13. 00+- O. OOVJ1
MAGNITUD: 4.0 Mb
nrrENSID:
STA DIST AZM AIN
PAR 75.97 310· 114
eUI 73.04 221 114
nOR 139.37 173 114
SCH 167.17 192 114
SAL 255.48 162 114
HUA 229.20 227 114
NNA 160.02 181 114

RHea 1.964
rPICENTRO NO. 38

PERU, 22 SET 1986
~A: 22H591'1 44.195 OMI
LATITUD: 14.7321+- 0.07649
LONGITUD: 73.9597+- O.0629U
PROFUNDI: 120.00+- O.OO~
HAQNITUD: 4.6 Mb
INTENSID:

STA DIST AZM AIN
PAR· 274.30 110 114
aUI 332.86 126 114
KDR 435.76 130 114
SCH 414.70 137 114
SAL 553.22 134 114
HUA 332~50 153 114
~A 435.02 134 114

c . nncc 1.026



"
I'

~ .

6-flIm'tiT RAg
. 0.-4 0

o. I ' 0
-1.0 0
0.0 0
0.9 0
o. a 0 3. aMt

S-RES m ftAG
,-0.9 0
-0.7 0
0.0 0

-0.:3 0
-1.7 0
3.0 o 3. 9Mb

G-REB m flAQ
. 0.0 0
-0.3 0-g.a 0

. () 0
. -0. 4 0 3. 3Mb

o-a, trr RA9
-1. . 0
..t). 0
0.6 0
1.4 0
0.9 ()

-4.0 a 4. 4Mb

...

s-aEC I3-RES tJT RAG
11~.4 -0.0 0
fJA.5 0.3 0
U~3.0 -0.7 0
150.0 19.9 44.3M1

S-SEC
49.3
96.9
58:8
SI.0

°DS~S
9A:'
0.0
50.~
5S.~

10.-3149lUi
11.101f»\fi

P-REa UT

J:~ a
-3.0 0
-l.a 0
?.9 0
3.2 0

Q

TPCAI P-Qeg UT
41.1· O.!!.O
ay: ~ =Y: y. g' .
M. Cl' -0.7 8
3S.~ 1.1
41.4 0.2 0

TPCAf . P-nES UT

11: A· 8: ~ g
~I:~ -8:8 8
12.9· 0.5 0

TPCAt· P-REa UT
70.2 -0.2 0
93.3 -0.7 0
92.3 0.9 0
78.7 -11.5 4

P-SEC
18.9
25.3
33.9
37.6
41.g
43.

P-Sl:;C
24.0
27.0
33.6
46.4
22.5
24. S

P-SEC
40.8
45.4
46.7
53.0
42.5

P-SEC
2·ft12. :I

27. a
25.4
14.U
24.:3

39
1~
9H31~ 51~05S CnT

17. 2092+-·· o. 1S96S
73.4847+- 0.22910

100.00+- O.~
4.4 fib

AZH AIN
140 114
146 114
145 114
150 114
160 114
148 114

105

I'Plca-rrRO t~o.
PERU, 23 SET
t<t11A:
LATITVD:
LD.'\IQ ITUD:
PROFUNDI:
MAGNITUD:
INTENSID:

STA DI8T
PAR 479. n
<tUI 568.87
h'1lR 674. 52
SCH 667.42
HUA 605.3b
t~A 681.31

RMCc 1. 912
tPICErJTRD NO. 40

PERU. 23 SET 1986
HORA: 16H 311 23_478 em. ..
LATITUD: 16.6773+- . O. !71C3
LONQITUD: 75.8483+- O.sa 2M
PRDFUNDI: 100.00+- O.OQrlR
HAGNITUD: 3.9 Hb
INTENSID:

STA D15T AIM AIN
PAR 314~48 170 114
QUI 418.32 171 114
n~R 513.51 165 114
SCH 527.23 171 114
HVA 516.43 186 114
NNA 529.81 16S 114

RHea 2.821
~PICENTRD NO. 41

PERU. 23 SET 1986
HORA: ISH1?M 29.118 OM. -
LAT I TUD: 12. 0054+- O. ~76S
LONG ITUD: n.4052+- O.OSOYU
PRDFUND1: 54.56~- 4 7SKR

, MA9NITUD: 3. 3 lib .
INTENSID:

5TA DI5T AZM AIN
h~R 45. 16 295 140
SAL 88.02 165 125
SCH 94. 19 266 123
GUI 147.49 314 118
NNA 61.58 268 132

RHCa 0.614
f· P I CENTRO 1\:0. 42

PERU. 25 SET 1986
HORA: IHI0H 42.908 anI
LAT ITUD: 10. 0096+- O. 06::)70
LONQlTUD: 75.7043+- 0.8~~
PR0FUNDI : 100. CO+- •uo:ui
HAONfTUD: 3.8 Hb
INTENSID: .

STA DIST' AIM AIN
SAL 248.48 56 114
hOR 280.33 31 114
GUI" 333.81 13 114
PAR 433.53 9 114
HUA 228.22 349 114
NNA 251.31 29 114

RI'tC= 1. 054
t PI CENTRO NO. 43

PERU. 25 SET 1986
HORA: 15H25H 53. SSS 01..
LATITUD: 13.5247+- 0.09320
LDNGITUD: 72. 1565+- O. SGa7U
PROFUNDI: 82. 18+- 12.~
f1A9NITUD: 4. 3 Hb
INTENSID: III-IV CUZCO
STA DI5T .AIM AIN P-5e:c
001 %7.~ ~ 00 ~.·Y

ARE 332.78 347 50 46.9
SAL 644.03 113 50 87.0
NNA 535.41 108 50 61.0

RMC= 0.741
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P~~i ~~~9 P:~~ ~
40. 6 42. S. 3. 0 0
70.CJ 54.S al.3 4
69.7 73.0 1.6 0

r
G

n
L

c
n
L

c

r
LJ

r
u

c

c
c

,...,
1
U

n

~

c
c

..

a-nES tJT MAO
0.6 0

-0.8 0
-0.0 0
-0.4 0
-o.a 0 3. 5Mb

s-nES UT f1AG-a.o 0
-1.7 0

1. 1 0
0.0 0 II

-1.4 0 r •

2. S 0 4. 2Mb lJ

o-nl!O l-JT MAO
-6. ~ 4
-O.:i 0
-4.2 4·
-0.1 0

8:8. g

a-nEB tiT MAg
0.0 0

-0.0 0
O. 1 4
0.0 0

-0.0 0 "
0.0 0 \

12. 7 4 4. 2Mb U

a-SEC
26.9
41.3
46.4·
69.2
28.9

a-SEC s-nEB ~T MAg
105.4 -15.9 4

fJ8:0. -i:A 8
loa.S -13.1 4

a-SEC
e~. 7
93.S

107.6
0.0eo. 0

91.7

S-SEC
0.0

94 7
101.3
. 0 g
123:

0.0
131.0

t7.14~3tH
39.7069tu1

16.2173JUf
13. 9S76VJi·..

6. 3914VJ:i
12. 6129iU1

p-nES In'
0.3 0
0.7 0
2.5 0

-4.0 0
0.3 0
1.0 0

p-aEB UT
0.5 0

-0.3 0
-0. ~ 0
0.9 0
1. 1 0

P-REO UT
-a.4 4

().4 0
0.0 0

-0.2 0
-g:~ g

P-REG UT
-0.4 0
-0.1 _ 0
-0.2 0
-0.4 0
-0.2 0
2.1 0

-0.2 0

TPCAl
47.8
52.3sa. 7
70.9
44.2
4S.7

TPCAI
_10. t
19.2
22.1
32.7
12.0

TPeAl
40.1
26.6
53.6
68.9
sn.9
U9.0

TPeAI
62.0
49.7
48.B
52. a
66.~
Sl.6
63 3

p-scrc
26.~
16.0
0.0

58.5
40.~
50.0

P-SEC
19.4
27. O·
30.0
42.~
22.0

P-SEC
53.0
57.9
66.0
71.8
49.3
54.5

P-SEC
71.0
56.3
57.3
60°.5
75.0
92.4
71.7

44
1986

IH32M 49.929 et1,
14.9206+- O.O~

75.5703+- O.Ot~
90. 54+- O. 94Wi

,:PJCErJTRO r.:o.
PERU.26 GET
HttlA:
LATITUD:
LCL'4G t Tun:
PRDFUf\lDI:
~QNJTUD:
INTENSID:
STA DIST AZM AIN
aUI 238.20 156 119
PAR .142.68 144 126
nOR 341.68 152 50
SAL 463.65 151 50
HUA 320. 05 194 50
r~A 352.34 157 50

Rt«:= 0.297
rPICErJTRO r~. 45

PERU.27 SET 1986
HORA: 4H56t1 8.86B Ciil
LATITUD: 1~.2750+- 0.03070
LO~gITUD: 77.1310+- 0.~324M

PROFUf\lDI: 62.52+- 4.21""
~QNITUD: 3.5 Mb
INTENSID:
STA DI5T AZM AIN
noR 15.11· 226 167
GUI 105.34 314 124
SAL 126. 24 155 121
HUA 199.29 262 117
l\'NA 44. 96 224 144

RHC= 0.B9S
t~PJCENTRO NO. 46

PERU. 27 SET 1986
HORA: 5H-4:!M 4. 95S o;1t
LATITUD: 9.5698+- 0.14668
LONQITUD: 75.4159+- 0.1275«
PROFUNDI: 100.00+- O.~
HAGNITUD: 4.2 Mb
INTENSID:

STA DI5T AZM AIN
SAL 302.47 52 114
HOR 338.29 31 114
QUI 389.03 16 114
PAR 487.17 12 114
HUA 273.22 357 114

. ~~A 309.21 30 114
RMC= 2.391

,:PICENTRO NO. 47
PERU. 29 SET 1986
HORA: 9H 5M 55.095 eM.
LATITUD: 9.3146+- 0.155Oa
LDNGITUD: 90.0258+- 0.3631"
PROFUNDI: 15.00+- O.OO~
tiAQNITUD:
INTENSID:

STA DIST AZM AIN
hOR 455.46 314 114
ETE 262. 68 193 114
SAL 338.86 308 114
~A 456.55 310 114

RHC= 3.524
i:PJCENTRO NO. 49

PERU. 29 SET 1986
HORA: 14H25M 8.675 C~I
LATITUD: 9.8082+- 0.05788
LONGITUD: 90.0574+- 0.11SSU
PROFUNDI: 100.00+- 0 oo~
MAGNITUD: 4.2 Mb
INTENSID:

STA DIST AZM AIN
MOR 421-. 80 308 114
ETE 317.39 183 114
SAL 310.38 300 114
CHI 337.25 163 114
9CH 451.58 301 114
HUA 572.45 295 114
NNA 425.88 304 114

RMC= 0.970



p-sc::C TPCAt P-R&l ttr
45.9 ~1.1 O. I 0
53.a 20.9 -o.~ 0
44. 2 19. 5 O. 1 0
48.0 a4.0 0.1 0

13. 1S33:<U1
13.4602N'

a-RES ~T HAG
0.00
o. O· 0
1. 1 0

-0. a 0
-0.6 0
-1.1. 0 4. OM

SeRES lfT RAC
0.0 0

-0.3 0
-1.3 0
-0.6 0
0.1 0
0.6 0 4. un

G-ru!O tfT flAg

0.' 0o. 0
O. 0

-9. 4
-0. 4 0 4. 3iib

a-SEC' S-RES tiT HAO
46.9 -9.1 4
67.7 -o.a 0
76.3 0.9 0
0.0 0.0 0

92.4 -0.6 0
95.9 5.9 4 3.~

G1:&. a-nEG trr flAG
74.9 . 8:~ g
99.3 -o.l 0
66.0 -0.3 0 4.6~

s-e::c
0.'0
0.0

78.4
74.9
93.0
77.0

·G-e!C
O~O

90. l
90.7

18A:g
~.a

o-roC

:8a . 1
76.0
70.:9

5.S064V.H
2. 976$A

P-fiES IlT
-4.9 2
-0.6 go. 1
2.4 2
0.1 0
2.0 0

penES lIT
-0.2 0
-0.6 0
. 1.1. 0

. 0.2 0
-0.1 '0

0.::) 0

P-REO tiT
-0. Q 0

, 0.7 0
0.1 0

-0.6 0-o.a 0
1.3 0

p-mID lJT

0'1 0o. 0

:.s: 8
0.0 0

TPCitl
22.7
a9.9
33.9
39.7
44.0
42.3

TPCU
38.9
28.5
24.9
23.6
:94.3
g5.3

TPCAI
49.1
SY.3
40.2
46.C!
32.0
36.0

TPCAI
7S.0
65.0
62.7eo. 1
76.4

. ........ ..

P-5EC
34~5
46.0
50.7
58.8
60.S
61.0

P-SEC
72.tJ
62.1
60.2
58.0
68.4
59.8

P-Sc::c
70.6
62.4
62.7
68.0
55.0
60.5

P-S(!C
22.2
11.4
8.5

26.0
22.0

49
1~
14H2eM 6.369 C~I

10.4157+- 00.. O~!81. 1141+- O~
56.12+- 4.24'

4.3 rib

AZM AIN
293 50
199 114
283 114
288 50
290 SO

('PICEtJTRD r.:o.
PERu,a6 SET
t<It1A:
LATITUD:
LONQITUD:
PROF\f.\IDI:
r:tAGNITUD:

. IrJTEN5ID:
STA DIST
hOR 485.96
ETE 407.62
SAL 392. B8
SCH 527.02
I\.'NA 497. 32

RMC= 0.635
('PICENTRO 1\'0. 50

PERU,2S SET ·1986
KOitA: 14H43ii 22. 395 ();11
LATITUD: 11. 39S3+- 0.05560
L~GITUD: 74.9603+- O.O~
PROFUNDI: 100.00+- O.COrl"
HAGNITUD: 4. 1 fib
I NTENSI D:
STA DIST AZM AIN
PAR 312~ 81 28 114
eU1234.04 43 114
noR 241.21 68 114
SAL 289.37 93 114
5CH 182.78 70 114
NNA 214.55 72 114

RHCa 0.943
I'PICENTRO NO. 51

PERU, 28 SET 1986
HORA: 15H 2M 34.195 Cfil
LATITUD:10.8894+- 0.04968
LONQITUD: . 76. 6743+- O. 02nU
PROFUNDI: 100.00+- O.CO~
MAGNITUD: 4.0 Hb -

. INT-ENSID:
STA - DIST AZM AIN
aUI 228.33 353 114
HeR 148.04 15 114
5CH 119.34 352 114
5AL 109.10 69 114
HUA 194.51 310 114
NNA 122.74 B 114

RMC= 0.853
I P I CENTRO NO. 52

PERU, 28 SET 1996
KO~A: 17Hl3M 24.655 ~I
LATITUD: 12.0703+- 0.03498
LQNGITUD: 78.1274+- 0.0311W
PRDF\Ji\IDI: 60. 93+- 10. 09IDt
~SNITUD: 4.6 fib
INTENSID:
STA DI5T AZH AIN
noR 119.88 275 122
5CH 172.99 265 118
SAL 108.06 211 123
NNA 140.36 266 120

RHCa 0.315
, P I CENTRO NO. 53

PERU, 29 SET 1986
HORA: 5H15H 16.685 C~I
LATITUD: 10.1478+- 0.11925
LtmGlTUD: 75. 3739+- O. 123~
PROFUNDI: 100. OO+~ o.
AAGNITUD: 3.9 Hb
INTENSID:
STA DIST AZM AIN
ANG 101.90 38 114
JUN 159.41 13 114
SFE 191.31 27 114
SCH 237.40 32 114
SAL 272.27 63 114
NNA 258.68 38 114

RHC= 2.029
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r'I ,
l I

..,j

~ .'-:.
. -.. ."

.. ~ ''t

G-RES trr HAg
-0.2 0·-o.a 0
. O. a 0

000 g
0.0

"-- --..,..-_.. _... _.-"_. ..
~;.H .

B-SEC : C-RES tiT fiAQ
960 tJ -0.4 0
94. 7 .,,'.~. 1 0
84.0 ". O. a 0
79.. -I ." -00 2 0

D-e!!C o-am .Err AAO
4409. -g. g 0
6000 • 0
69.7 -0.1 0

O~~· O-REa l1T MO
U ~ ~o. 1 0

130:;J -Q.3·0
6. :oJ . -(). 4. 0

W: ~ ,,' =8:! 8
13.7 0.4 03.OMb

D-SEC
72.9
9000

000
0.0

119.7

' ..

I. S44UU1
1.096JIU'

7."3S6eU1
5. 4621M

·1.966eu1
60104CW1

p-naJ".ur
0.3 0
O. I ·0

-004 0
i 000 0

P-Rlro ·UT
-00 I ".0.g: 1-,g
-g:~ 'g

I .. I 0

p-nes m
-0.0 0

. 0.:;) 0
6.3 4

-0..7 0
0.9 0

TPeAl
IO.:iJ

I!:~
"lo 7
a7. I
12.9

TPCAI
4B.7
68.6
9B.9
70.8
73.::1

-.

PA~. 10

P-S(!C TPC~

40.S ~;1.7
49.7 cw.1
63.5 61. a
67.7 63.6'

P-S~C TPCAL P-aEO UT

.~I: H 18: A -8: Yg
51.6 24.6 0 ..1 0

P-S~C
1.2
4."
5.0

12.9
17.7
5.0

P-SEC
37.4
47.6
53.9
56.S
62.~

I~PJC8'JTRO t~D. l~L
PSlU. 29 OET ..,gg

tmaA: eH381 2. 469 CHI
LATJTUD: 140 6324+- O. 17170
L~'\S9ITUD: 74. 2930+- O. 1400tJ
PllDFUNDI: 64. 87+- 10. 06IDi
AAQNITUD: 3.6 n:J

J~~IB~ST A2~ AIN
PAR 236.84 110 116
aUJ 297.69 126 115
SCH 3820 78 140 50
r~A 401. 91 136 50

RKCg 1.5S4
I;PICErJTRD 1\:0. 55

PERU, 29 SET 1986
~A: 12H39" 270099 Ct'li
LATI TUD: 1~9049+- 0.00110
L~~QITUD: 76.6593+- 0.013nJ
PRDFUNDI: 59.59+- Oo~nR
~9NITUD:

ItJTENSJD:
eTA DIST AIM AIN
aUJ 24. 50 279 158
SCH 105.33 187 123
SFE 144.97 200 119

RMCg 0.089
I~PICErJTRO NO. 56

PERU, 29 SET 1986
MORA: 14H31" 23.395 ~'I
LATITUD: 13.4022+- 0.01426
LONGITUD: 75.5030+- O.O~

PROFUNDI: 6.74+- 10.02Wi
t1ACNITUD:
INTENSID:

STA DIST AIM AIN P-SEt: TPeAl
OUI 113.20 116 56 43.0 19.3
PAR 105.43 60 56 41.6 100 I
HOR - 213.66 129 56 58. 2 3~. 2
SCH 195.20 144 56 .55.7 32.::J

RMC= 0.403
(~PICENTRD NO. 57

PERU,29 SET 198b
HORA: 17H41H 50.996 eM.
LATITUD: 12.5809+- 0.01408
LONGITUD: 76.9480+- O. OJ7S~
PROFUNDI: 48.09+- 3.37""
MAgNITUD: 3. 0 fib
INTENSID:
STA DIST AIM AIN
noR 45. 13 168 137
<tUI 68.26 305 127
SCH 81.74 212 124
SFE 129.35 219 118

·SAL 165.32· 154 116
ta-lA 66. 76 190 127

Rhea 0.516
':PJCEr.JTRO 1\:0. 58

PERU, 30 SET 1986
HOaA: 7H43M 48. 70S o.~ I
LATITUD: 15.0180+- 0.06699
LONGITUD: 73.7826+- 0.05uau
PROFUNDI: 53.58+- 3.49~
fiACNITUD:
INTENSID:
STA DIST AIM AIN
PAR 303.86 114 115
QUI 367.20 128 114
HUA 369.31 153 114
SCH 450.94 138 50
NNA 470.79 135 50

RIlCe O. 506

c
r

.W



P-SEC TPCAI
19.5 C!3.0
27.3 31.8
41.5 45.6
43.7 48.4

S-RES WT HAg
-1. 1 0
0.2 0
0.0 0

-0.4 0
-1.~ 0
-0.3 04.0nb

a-RES tJT fiAg
-0.2 0
-0.9 0
-0.9 0
0.9 0
1.0 o 3. 2Mb

G-nES trr RAg

8:A 8
0.0 0

-0.2 0g.O 0
.0 0

-0.4 0
-0.6 0
0.3 05.0nb

a-SEC

f9:8
aa.7
4IJ.0
41.:9
22.1

S-SEC B-RES liT HAg
~5.0 -0.5 0
tIO.2 -1.3 0
73.1 -2.3 0
79.~ -0.7 o 3. 6Mb

B-S5:C
46.6

~:~
ICX9.R
93.0

o-ec
49.7
0.0
0.0

92.0
g:8

1~.~
CJ7.tJ
97.3

2.S706M
3. 033aU1

p-nEO UT
0.0 0
0.4 0

-0. Q 0
-0.0 g
0.1

P-nES tIT
0.0 0

-0.9' 0
-0. S 0
-1. I 0

P-RES UT

g:~ 8
8:a 8

1J: A 8

p-ruro tIT

=8:Q 8
-0.0 0
-1.2 0

~:~ ~
g:~ g
I.~ 0

TPCAl

lU
29.Q
13.7

TPCAI
19.8
31.9
46.9

!Y:~

TPeAl
&3.7
64.6
60.9
70.3
~g:I
95.S
01.4
UI. I

P-SEC
15.9
10.3
16.6
24.0
24.l
13.U

P-SEC
33.1
44.3
58.4
63.0
58.~

P-SEC
9.7

20.9
37.S
33.1
42.~
38.0
53.~
38.0
39.0

I' PICENmD t~D. S9
PERU.:iO SET 1va6
~1A: 15H50H 16.618 ~I
LAl I TUD: 15.3690+- 0.0610a
lll'\lQITUD: 73.6114+- O. o~eou
PROFUNDI: 24.65+- 2.~"~
AAGNlTUD: 5. 0 Hb
Irrr.EN6ID:
SlA DIaT, AZM AIN
PAR 338.05 119 114
aUI 407.28 131 114
h~R 511.82 134 50
SCH 493.90 140 114
SFE 496.61 146 114
JUN 482. 17 152 114
SAL 630. 95 136 50
CAM 515.46 135 50
I\.7tlA 512. 89 137 50

RHCa 0.735
r· PICENTRO t\'O. 60

PERU, 30 SET 1986
HORA: 18H32H 12.44S anI
LATITUD: 14.5092+- O.O~i5B
L04\IQITUD: 76.9475+- 0,07M;W
PROFUNDI: 83.01+- 3. a9'fUi
MAQNlTUD: 3.2 Hb
INTENSID:

STA DIST AZM AIN
PAR 95.17 222 132
OUI 182. 19 197 120
SCH 285.45 188 117
SFE 323.81 194 50
NNA 279.29 182 117RMCa:: 0.884

(. P I CENTRO NO. 61
PERU, 30 SET 1986
HORA: 21HIIM 59.268 CHI
LATITUD: 12.5487+- 0.02328
LONGITUD: 77.2105+- - O. 02B4W
PROFlJNDI: 46. 53+- D. 67Ni
HAQNITUD: 4. 0 fib .
INTENSID:
STA DIST AZM AIN
OUI 94.48 297 121
HOR 45. 15 205 136
SCH 97. 70 228 120

,SFE 146.72 228 117
'SAL 151.60 163 116
~~A 74.09 213 125RHC= 0.762

f· P I CENTRO NO. 62
PERU, 30 SET 1986
HORA: 23H381'1 56.468 0111
LATI TUD: 13.9761+- O.~9aS
LONG I TUD: 75.0283+- O.oee2U
PROFUNDI: 14.21+- 31.69~
MA9NITUD: 3. 6 rib
INTENSID:
STA DIST AZM AIN
PAR 143.90 97 114
GUI 194.90 128 114
SCH 282.34 144 114
NNA 300.03 139 114

RMC= 1.481
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[] L] c-J [] C--.J C,] [] [J C":] [~ [~ L~ (=:J

, B9ffi)' 813BJ02

I • .,
04 He IV 1'987 03H 43ft

c;lIM 69.1 088.0
c.'rtf.,.8. a 0 84.3
,,(:leU 60.5 0 71.7
QlJIO H.5""en 66. a 0 81. 7
5"IK. 70.5 0 88.7
;> r·c. 77. a
JlJNU 84.8
8'" CI 81.5

HIli ,
13 -t. "7.0.37.0.0.00
I

MO. I

UICDfTRO NO. I

.... WTMG
0.4 0
0.1 0

-0.• 0
0.0 0
0.7 0

-I.• 0
0.0 0
0.0 0
0.0 0

....C
•. 0
.... 3
71.7
0.0

81.7
..7
0.0
0.0
0.0

2.~

'.633OK't

"-Itn wr
-0.2 0
0.9 0
0.1 0
0.2 0
0.7 0

-0.:1 0
-0.4 0

I. I 0
- •. 4 0

WCAI.
n.o
23.'
' •. 2
14.0
21.2
26.•
:13.:1
:19.4•••

~-.C
69.1
6•. 2
60.•
D•.•
6.2
70••
77.2
84••
8 •.•

~~RU. 04 HDII 1987
HDR": :JH431'1 ..... a68 CtIT
LATITUD: 13.3'12+- 0.0W688
LONOITUD: 77.0"1+- O.OI2IW
~RQFUtG)1 : 37. 69+- 1:I.7aut
ftAGNlTUD:
INTENBID:
8TA DIeT AZ" AIN
OUA 154.al 297 II'
C"" 141.49 183 116
"M 9'.95 307 118
ClUI 81.00 23' lao
to' 129. 48 181 116
8CH 163. T.J 1'99 115
BFE 207.4. 206 114
""" a46. 78 al6 114
SAL a41.65 165 114

RtIC- 0.878

.....
o
\0

BEST AVAfLlICLE COpy

----- ---- ---
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REPORTED TO CIVIL DEFENSE: 41 Km to the west of Ha1a
REPORTADO A DEFENSA CIVIL : A 41 ~n. AL OESTE DE LA LCCALIDAD DE MA~

o
n
u

n
u

.fl
u

n

~

n
I

U

EPICENTRO NO. 1

PERU, 15 ~UN 1987
HORA: 6H23M 6.065 C~T

LATITUD: 12.6725+- 0.03016 3. 33i 610\11
LONGITUD: 77.0355+- 0.05.;;t.. 5. ee;)~11
PROFUNDI: 67.42+- 4.:iYj(M
MAGNITUD: 5. 2 Mb.
INTENSID:

STA DIST AZM AIN P-S:C TPCltl. P-~ES WT S-S£C S-RES WT
MaR 54.37 180 141 20 4 13.6 0.6 0 0.0 0.0 0
QUI 71.40 294 134 2'1 a 15.4 0.4 0 0.0 0.0 0
SCH 95.43 214 127 23. C 18 3 -O.S 0 0.0 0.0 0
SFE 143.20 219 121 30.7 2';.9 -0.2 0 0.0 0.0 0
PAR 152.56 330 120 3~. -;' ~6. 2 0.6 0 0.0 0.0 0
SAL 170.79 158 119 3 .... 4 i2a.C1 -0.5 0 0.0 0.0 0
~UN 189.83 229 118 36. _ 31.7 0.6 0 0.0 0.0 0
GUA 198.89 317 117 36. ~ 33. 1 -0. 7 0 0.0 0.0 0
CHI 723. 12 154 50 10e. 7 tO~. 6 -0.9 0 le6. 1 0.6 0

RMC= O. 876

REPLICAS
AFTERSHOCKS

EPICENTRO NO. 1

110

PERU, 15 ~UN 1987
HORA: 6H45M 4. 778 ~~T

LATITUD: 12.5726+- 0.e110S

S-RES WT r, ..
-0.0 0

o. 1 0
-0. 1 0

6-SEC
15.4
IS. 5
30.3

1. 216SK!'1

O.';991KH
2.21~t1

P-RE6 wr
0.0 0

·0.1 0
0.1 0

TPC"'L.
11.4
13. 1
20 0

P-SEC
7.1
e. 7

1 ,. tt'

2

AZM AIN
312 123
207 121
216 116

1987
6H35M 55.725 C:1T

12. 5596+- O.C~';5S

76. 8606+- O. 0204&1
37. 51+- ~.90~~

PERU, 15 ~UN

HORA:
LATITUD:
LONGITUD:
PROFUNDI:
MAGNITUD:
INTENSID:
STA DIST
QUI 62.37
SCH 74.92
SFE 121. 64

RMC= O. 164 .

EPICENTRO NO.

'1
u

n
I ;

U

n
l.J

I
l.J

n
u

C



n
LJ

LONGITUD: 76.8023+- O.O\t;su 2. 1533v.'1
PROFUNDI: 44.23+- . 3. r;r;i",~

PtA QN I TUD:
INTENSID:

STA DIST AZM AIN P-SE~ TPCAl P-~ES l~r S-SEC 9-RES WT I'IA~

QUI 56. 83 315 129 It 0 11.2 -0.0 0 ~4.3 0.0 0
SCH 73. 52 202 124 17. 1 13 4 -0.' 0 27. 1 -0.3 0
SFE 119.17 213 118 2 ... 7 ;l00 -\). 1 0 39.S 0.4 0
CAM 57.95 161 128 16. , 11.4 0.3 0 24. 5 -0.0 0

RMC= O. 412

c
n

U

n
; !

U

nu EP ICENTRO NO. 3

S-SEC S-RES wr MA(
43.7 -0.1 0
47.4 0.1 0
58. 5 -0. 1 0

0.70031\'1
3. 10S1K'1

TPCAL P-RES WT
. 11. 0 0.1 0
13.1 -0.2 0
19.6 0.1 0

P-£EC
35 e
37.'
4 ... ~

AZM AIN
317 128
201 123
213 117
,/

1987
6H57M 24.675 C~T

12.5626+- 0.CJ63S
76.7844+- 0.02ebU

42.68+- 3.2JV,M

PERU. 15 ~UN

HORA:
LATITUD:
LONGITUD:
PROFUNDI:
MAGNITUD:
INTENSID:

STA DIST
QUI 56.30
SCH 71. 76
SFE' 117. 17

RMC= O. 231

n
I :

u

1
u

n
u

n
! i

u EPICENTRO NO. 4

n
;

n
u

PERU. 15 ~UN

HORA:
LATITUD:
LONGITUD:
PROFUNDI:

1987
7H 1M 34. 125 C~T

12. 5514+- 0.C~40S

76.8019+- 0.OI81U
44. 10+- 2.01V.~

O.';376Kt1
1. 9671Kti

n
u

n
u

MAGNITUD:
INTENSID:

STA DIST
QUI 58. 50
SCH 71. 33

. SFE 117.19
RMC= O. 146

AZM AIN
317 128
203 124
21;" 118

P-SEC
45.6
41.1
53.Q

TPC.e-L
11. 4
13. 1
19.7

F-RES wr
0.0 0

-0.1 0
O. 1 \)

S-SEC S-RES WT MA
~3.C; -0.0 0
56. c; O. 1 0
68. 1 -0. 1 0

n

u EP ICENTRO NO. 5

111

1987
7HI1M 15.02S C~T

12. 5688+- 0.C~41S

76.8946+- 0.0201W
33.45+- 3.'6RM

u.5171ftM
2 2';77tl.l1

"!u

o
o
nu

PERU. 15 ~UN

HORA:
LATITUD:
LONGITUD:
PROFUNDI:
MAGNITUD:
INTEN5ID:

5TA DIST
QUI 64. 49
SCH 77. 58

AZM AIN
309 121
209 119

P-!e:c
26. ,
2e.3

TF(,~L.

11 ..
13 ::

P~ES :",
·J.l oj

0.0 "

S-SEC
34.6
37. 9

a-RES WT MA
-0.1 0
-0.0 0

John M
Best Available
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u

n

u

n

u

n

u

n

u

n

u

5FE 124.67 217 115 3'.2 2\J 3 -0.2 0 '? 3 O. I 0
RMC= 0.167

EPICENTRO NO. 6

1987
/

PERU, 15 ~UN

HORA: 7Hl8M 16.71S t.'~T

LATITUD: 12. 5453+- O.Cjt;3S 1. 0~97KI'
LONGITUD: 76. 7713+- O.0170:.J 1. 8461~11
PROFUNDI: 12.34+- O.OOrJ1
I'1AGNITUD:
INTEN5ID:

5TA DI5T AZM AIN P-S5:C TPCAL. P-~ES (~I S-6EC S-RES WT t'U
QUI 56.82 320 114 26.3 10 0 -1').4 0 34. 5 0.5 0
5CH 69.46 201 114 26.' I~ 0 -o.~ 0 37. 7 0.2 0
5FE 114. eo 213 114 35.6 19. 1 -0.3 0 49.8 -0. t 0
CAM 56.28 157 114 26.5 9.9 -0.1 0 31. 2 0.3 0

RMC= 0.419

n
u EPICENTRO NO. 7 /

1. ~720KI'
- 2. 9249~"

1987
7H37M 37~215 C~T

12. 5249+- 0.014~S

76. 7627+-· O. O~70;.J

3.74+- 4.3EKl1

n·
u

n
i ;
u

n
I

U

PERU, 15 ~UN

HORA:
LATITUD:

- LONGITUD:
PROFUNDI:
MAGNITUD:
INTEN5ID:

5TA DI5T
QUI 58.00

AZM AIN P-S~~ TPCAL P-RES ~I

322 114 47.6 10.5 -0.1 0
S-EEC

55. -;
S-RES UT t1.

0.3 0

n
u

n
u

5CH 67.01 201 114 48 7 12 1 -0.6 0 58. 3 O. 1 0
5FE 112.39 213 56 56.5 19.5 -.). ~ 0 71.1 0.2 0
CAM 54. 58 155 114 46.' 9.9 -0.6 0 55.0 0.7 0

RMC= O. 607

(
EP ICENTRO NO. 8

1. ';C;92J.:'1
3. 145210\'1

C:'1T
0.01368
0.(}~9~U

8. 2«;'1I.t1

AZM AIN P-SEC TPC~L P-RES WI S-SE:C S-RES WT ..
315 119 7.3 10.' -0.4 0 15.6 0.2 0
205 117 q. 1 1~. J -0.2 \) 18. t -0.1 0
215 115 1'. q 19.~ -0.' 0 3~. 3 -v. 1 0
227 114 2~.i2 20.2 0.7 0 0.0 0.0 0
163 120 1.0 9. 5 0.3 0 0.0 0.0 0

1987
8H25M 57.225

12. 5447+-
76. 8275+

28.03+-

PERU, 15 ~UN

HORA:
LATITUD:
LONGITUD:
PROFUNDI:
MAGNITUD:
INTEN5ID:

5TA DI5T
QUI 60.94
5CH 71. 82
5FE 118. 18
~UN 163. 56
CAM 54. 18

RNC= O. 529

II

U

n
: I

Li

n
u

n
~

n
u

BEST AVl\fLADLE COpy
112
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u

1. 1394KI1
1.6"9.01

C:1T
0.01035
0.0157~

,. 701.~

AZM AIN P-SEC TPCJ.L P-flES wr S-SEC S-RES WT MAC
314 122 20.' 1".8 -"'.0 0 :la. 5 0.0 0
205 120 2~ 1 12. 7 -0.3 0 0.0 0.0 0
215 116 29.5 19.6 ').2 0 43. 7 -0.0 0
164 124 20.0 10. 2 O. 1 0 0.0 0.0 0

1987
8H32M 9.695

12. 5589+-
76. 8334+

34.42+-

PERU, 15 ~N

HORA:
LATITUD:
LONGITUD:
PROFUNDI:
MAQNITUD:
INTEN5ID:

5TA DI5T
our 60.29
SCH 73. 52
5FE 119.83
CAM 55.51

RMC= 0.264

EPICENTRO NO. 10

EPICENTRO NO.rl

U
n ,

r'l
I :

.U

l.Fl, I
f...J

b
PERU, 15 ~UN 1987
HORA: 8H41M 42. 535 C:1T'
LATITUD: 12. 5590+- 0.OI';~5 1.6=01KM
LONGITUD: 76. 7893+- 0.0271U 2. 9401K'1
PROFUNDI: 46. 58+- '.29j(r:
MAGNITUD:
INTEN5ID:

STA DIST AZM AfN p-eE~ TPCAL P-RES WT S-SEC S-RES WT MA'
OUI 56. 95 317 130. 54." 11.5 -0.0 0 62. 5 O. 1 0
5CH 71. 59 202 125 5~ a 13.4 .. O. 1 0 65.0 -0.7 0
5FE 117. 13 213 118 62. 7 19.8 0.4 0 77. 1 0.3 0

1987
BH43M 17.035 C~T

12. 5768+- 0.C04~S

76.8528+- 0.Ot94U
32.49+- 3.22~M

S-RES WT ~
-0. 1 0
-0.0 0
0.0 0

63.0

S-SEC
35.'
39. 5
51.7

0...896':'11
2. 10~~f1

11. , -0.' 0

TPCAL P-RES WT
10.1 0.1 0
13.0 "0.0 0
2:).0 ,,0. 1 0

53. ,

P-SEt.:
27.9
30.0
36.er

PERU, 15 ~UN

HORA:
LATITUD:
LONOITUD:
PROFUNDI:
MAGNITUD:
INTEN5ID:

5TA DIST AZM AIN
OUI 60. 46 311 121
5CH 76.22. 206 118
5FE 122.67 215 115

RMC= O. 158

CAM 56.99 159 130
RMC= O. 565

EPICENTRO NO. 11

BEST AVAILABLE COpy

113
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PAGE 1

o
o
o
0,,,,
.; ,: N11',1 1987 23H 46M
n:::~"l (J 30. 5
Lt7G1W 44.4(0 66.7

'3,=ltO 48.1 0 73.7

C
S;: n.) 52. 1 ° 80. 4
to..l l'

.t l,E8.2,40.0,0.oo

EVENTO # 87307005

AZM AIN P-SEC TPCAL. P-RES In S-SEC a-RES WT MAG
.282 142 30.' 11.1 -0.0 o· 0.0 0.0 0
312 121 44.4 30.7 0.3 0 66.7 O. 1 0
297 119 48.1 3S. 1 -0.4 0 73.7 -0.4 0
285 118 52.1 3a.6 O. 1 0 80.4 0.2 0

1•o
o
o
o
o
o
o
o
o
o
o
o
o

EPICENTRO NO. 1

PERU, 03, NOV 1987
HORA: 23H46M 13, 425 C:1T
LATITUD: 11.1058+- 0.03238
LONGITUD: 78.2179+- O. 02121~
PROFUNDI: 85.55+- '.14Kn
MAGNITUD:
INTEN5ID:
5TA DI5T
SAL 67. 71
MOR 175.68
SCH 205.68
SFE 229.45

RMC= 0.387

BEST AVAILABLE COpy

3.'701K"
2.9696Kr1



BEST AVAILABLE COpy

1987
3HI0M 39. 34S

13. 4292+-
77. 2212+

18.93+-

PAGE 1

EP ICENTRO NO.

3.3e65KH
5. S641KM

C:1T
0.03065
O. 051 ~'"

37. 3~.m

87308001EVENTO #

1

AZM AIN P-SEC TPCAL P-RES (-IT S-SEC S-RES ,n t1AO
291 114 65.7 26.6 -0.3 0 86. 1 0.6 0
190 114 64.1 24.3 0.4 0 81. 4 -0. 1 0
297 114 57.0 17.1 O. 5 0 68.3 -0. 7 0
237 114 5'. 1 16.2 -0.5 0 0.0 0.0 0
188 114 62.9 ;Z:J.3 1.2 0 78.3 0.3 0
204 114 67.1 28.5 -0_7 0 0.0 0.0 0
209 114 73.1 35.'0 -1. 2 0 0.0 0.0 0
218 114 82.3 ..2.0 0.9 0 0.0 0.0 0
170 114 78.0 39.2 -0. 5 0 106.9 -0.3 0

03H 101"1
86. 1
81. 4
68.3

PERU,04 NOV
HORA:
LATITUD:
LONGITUD:
PROFUNDI:
MAGNITUD:
INTENSID:

STA DIST
GUA 166.92
CAM 152.29
PAR 106.47
QUI 100.77
MOR 139.63
SCH 178.53
SFE 223.65
JUN 264. 54
SAL 246.28

RMC= O. 799

J
J
o
o
O

.~. ..... hli',: 1987
:,0 65.7 0

-~·i(: 64. 1 0
... .;iC' 57.0 0o'J:' . i 0 55. 1
toO;, :Hl 62. 9 0 78. 3
·:;.';hJ 67.1

O
i_':..-·:_ t) 73. 7
,',UO 82.3

::-' IG 78.0 0106.9o:,.,.:'.;.l,',/ 7. 2, 18.8, O. 00

o
o
o
o
o
o
o
o
o
o
o
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APPENDIX 3

• List of the DST*-IGP and Computer Center Personnel participating in the AID-CIW/IGP

PROJECT for the years 1982-1987.

• .DST* Expenditure Estimate for the AID-CIW/IGP PROJECT for the years 1982-1987.

• DST* Expenditure Estimate for the AID-CIW/IGP PROJECT for the 1988 year.

* DST - Direcci6n de Servicios Tecnicos (Technical Services Department)
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INSTITUTO GEOFISICO DEL PERU

(GEOPHYSICAL INSTITUTE OF PERU)

LIST OF THE TECHNICAL SERVICES DEPARTMENT

AND COMPUTER CENTER PERSONNEL PARTICIPATING IN

THE AID-CIWflOP PROJECT FOR THE YEARS 1982-1987

I.

1.1 Technical Services Department - DST* Division Heads

Names $ USA Time % Years Total $

Dr. Daniel Huaeo 3,000 30 1982-1986 54,000
Ing. Alfredo Bushby 1,800 50 1984-1985 21,600
Ing. Ernesto Deza 2,500 50 Jan 85-May 85 6,250
Ing. Antonio Flores Jun 86-Dec 86
Dr. Leonidas Oeola 3,000 70 Jun 87-Sept 87 8,400
Dr. Manuel Chang 2,500 50 Nov 86-1987 17,500

1.2 Geophysical Networks and Electronics Laboratory - DST*

Ing. Antonio Flores 1,500 50 Sept 85-1987 29,400
Ing. Daniel· Llamas 1,500 50 1983-1987 45,000
Ing. Ti~o Frisaneho 1,200 60 1983-1987 43,200
Tee. Victor Montesinos 1,000 60 1983-1987 36,000
Tee. Maximo Galarza 1,000 30 1983-1987 18,000
Tee. Rider Navarro 1,000 40 1983-1987 24,000
Tee. Jose Velasco 800 30 Sept. 87-Dee. 87 960
Tee. Ricardo Valverde 800 30 Sept. 87-Dec. 87 960
Tee. Manuel Aroni 800 60 1986 5,760
Ing. Ruben Villafani 1,200 . 100 1984-1985 28,800

1.3 Seismological Service and Projects & Development - DST*

Sra. Matilde Vasquez 1,500 60 ·1983-1987 54,000
Fis. Leandro Rodriguez . 1,500 40 1983-1987 36,000
Sr. SimeOn Rodriguez 1,000 50 1983-1987 30,000
Ing. Jhonny Tavera 1,000 50 1986-1987 12,000

*DST - Direeci6n de Servicios Tecnicos (Technical Services Department).

116





*DST _. Direccion de Servicios ':\'ecnicos (Technical Services_ Department)
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DST*·IGP EXPENDITURE ESTIMATE
FOR THE AID·CIW/IGP PROJECT

FOR THE YEARS 1982-1987

Operation, Maintenance; and Data Manipulation. -
1. DST 1982-1987 Personnel Remuneration
2. Technical Site - Administrative
3. Trips and Maintenance
4. Administrative Expenses

118

$1,471,950
36,000

216,000
430,988

$2,154,938
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*DST - Direcei6n de Servicios TecI!icos (Technical Services Department)

J
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DST* EXPENDITURE ESTIMATE
FOR THE AID-CIW/IGP PROJECT

FOR THE YEAR 1988

1. IGP Personnel Remuneration
2. Technical Site-Administrative
3. Trips and Maintenance
4. Administrative Expenses
5. Acquisition of Goods and

Services and Capital Goods

$320,520
6,000

36,000
115,630
100,000

$578,150
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SYSTEM ASSESSMENT
(january 1987)

Edmundo O. Norabuena

Instituto Geofisica1 del Peru
Apartado 3747 - Lima 100

Peru
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Introduction I

Tho Auto~oi~ ~oi~ic nn~ly~is ~yst~ bogun hi~ opor~tion on July
1983 ~t tho Contr~l L~bor~tory of IGP. Dno of tho pUTpo~o~of thi~

~y~tam w~~ to ~orvo ~~ ~n oorly worning ~y~t~ of ~ignificotivo ovonts
dotoctod by tho tolcmotorod notwork in wich c~~o tho informotion i~

tron~ittod to tho Civil Dofonso Syston for tho oppropi~to oction~.

Othor gonl of thi~ ~ystcm is to record ond ~rchivo ~oi~ic informotion
in order to build ~ dntobn~o ond givo ~cionti~t ~ ~ourco of dot~ for
his invostigotions.

Tho system i5 composed by 0 Prime 250-11 minicomputor, with 1 MB
of RAM mamory ond 300 MB stornge disk. Duo to tho timo sh~ring foo
turo, fivo processo~ procos~ concurrontly tho incoming doto in order
to dotoct the occurronco of n sei~ic ovont ~nd it~ locotion.

Oporntion I

The bosic oporntion of tho system i~ in hond~ of fivo soi~ic

Annlysts. These,work in 5hifts covoring 24 hours of continuous opero
tiona Aftor tho proliminor roport of tho Autosoi~ sy~tem, thi~ ~n~

lysts using ~ grnphic. torminol, vorify the pond s lectur05 mnking the
oppropioto chnng05 in order to get 0 good locntion for tho quoko. -

During July 1983 nnd Docembor 1986 , tho Autosois hos processod
ond orchivod 2257 evonts with on ovorogo of 54 por month. This ovents
oro orchivod in 31 tnpes with 0 gros5 volumo of 953 MBytos(0.7 foetor)
giving on ovorogo of 22.7 Mbyto~ por month.
500 oppondix05 A ~nd B.

The oporotion of the systQm ho~ boon continuou~ oxcopt for into
rrupts duo to provontivo ond corroctivo m~inton~nco ond ~omo mojor
times duo to blockouts. The longo~t sy~tcm downtimo~ h05 boen duo to
line conditioner (Doc 84), Disk controllor (Ag.85), R/W hood5 of tho
300 Mb. ( Sot - Oct 85) ond the Bolt betwoon motor ond ~pindlo (Dec 86).

500 ~ppondix C.

121
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Problcm~ I

-, • Sinco tho boginning wo hovo hod tToublo with computoT mointononco duo
to tho wook locol ~UppoTt of PTimo'~ TopTosontotlvo~.

• Lock of tochnicoll InfoTm~tion on PTimo 5ystQm~ duo PTimo'~ policy
, with customOT~.

• L~ck of b~5ic 5P~TOS fOT cTiticol oquipmont o~ pTintoT~ ond disk.

Lock of oPPTopi~to mointononco tool~ fOT pTomptly foult diagnosis.

In ~pito of tho mentionod pToblcm5, wo hovo fixod tho computQT and
o~nociotod pOTiphoTols. Somotimos this hos boon possibloduo to tho
pTom~t holp of COTnoglo, 50nding U5 tho ~olicitod Sp~TOS.-,

l
I

~

122



---------------------------------------------------------------------

---------------------------------------------------------------------

---------------------------------------------------------------------

1987

2257

95

96

52

53

51

97

63

84

54

67

942

104

126

1986

40

54

47

61

31

44

65

61

55

64

51

694

121

1985

Evont StDti~tics

45

45

21

34

32

50

30

28

36

21

58

36

433

1984

A

31

32

40

27

33

25

188

1983

Appcmdix

o t 0 1

Month

Docc-mboT

Tot~l 1983-86

T

OctobOT

NovcmboT

SoptombOT

AU9U~t

July

Jun

Moy

ApTil

MOTCh

FobTUOTy

JonuoTy

a====================================================================
aaa====c=============================================================

---------------------------------------------------------------------

---------------------------------------------------------------------

---~--------~--------------------------------------------------------

-----------------------------------------------------------~---------

---------------------------------------------------------------------
---------------------------------------------------------------------
---------------------------------------------------------------------
---------------------------------------------------------------------
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APPENDIX B - EVENTS FROM JULY 83 TO DECEMBER 86
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APPENDIX C.l - SYSTEM DOWNTIMES

! aa====aaa===========================================================
====================================================================

--------------------------------------------------------------------
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MONTH

JANUARY

FEBRUARY

MARCH

1983 1984

97.7

26.1

107.8

1985

57.0

7.3

0.0

1986

27.0

16.3

70.3

1987

--------------------------------------------------------------------
I APRIL 8.4 41.0 7.2

--------------------------------------------------------------------

-----------------------------------------~--------------------------...J

MAY

JUNE

JULY

AUGUST

SEPTEMBER

29.0

32.1

38.2

18.8

29.1

22.7

22.0

42.0

262.0

253.0

16.0

5.3

44.5

28.0

10.8
~ --------------------------------------------------------------------

OCTOBER 26.9 230.0 5.7
j --------------------------------------------------------------------

aaaaac=================;============aa==============================

aa=====================================c======a=====================

.J

l
.J

-,

.J

NOVEMBER

DECEMBER

TOT A L

YEAR PERCENT
( 8760 AVAILABLE HOURS)

48.7

255.0

718.3

8.2

30.0

13.0

980.0

11.2

3.0

66.0

296.4

3.4
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REPORT ON PRIME TRAINING COURSE

Introduction:

Thnnk5 to n CnrnQgiQ Institution of Wnshington invitn
tion, I could nS5ist to the PrimQ Educntionnl CQntQr nt Milford,
Mn55nchussets. The period wns Mnrch 23-April 10. ThQ purpose of
this trip wns to ncquiQrQ n bQtter knowledgQ of PrimQ system'~ hnrd
wnre in ordQr to ~upport nnd upgrndQ the Auto~Qis ~ystem of the CIW
AID-IGP projQct. This will lQt us to improvQ the AutoSQis from thQ
PrimQ 250-11 to thQ 2655 modQl. The ndvnntngQ~ of this new system
will be described in n nQxt report.

Description of CoursQs:

During the three weeks of trnining we attended the following
courses:

n) Series 2000 Course ( March 23 - 27 )

This course covQrQd the 2350,2450 nnd 2655 PrimQ systems nnd nsso
cinted peripherals. During the five dnys thnt this course lasted,
the following topics WQro developed:

• Systems description nnd Configurntion.
• HnrdwnrQ configurntion options.
• System instnllntion nnd cnbling.
• OVQrview of Primos Rev. 20 fentures.
• Study of the virtunl control pnnel modQl 4 ( VCP4).
• Suggested mnintQnnnce nnd troublQshooting.

b) Winchester Disks Course ( Mnrch 30 - April 7 )

This course covered two diffQrent models of WinchQstQr disks.
The first one wns the AMS 315 Advnnce Mnrksmnn SQries of 300 MB
and thQ sQcond thQ Control Dntn 675 MB. The courSQ coverQd ope
rntion, mnintennnce nnd troubleshooting of these units.

c) Printers Course ( April e - April 10 )

This course covQred mainly the Dataproducts 300 and 600 LAM prin
ters, but we obtnined technicnl informnt~on nnd documentation of
the Printronix 300 printer, as we have wlth the Autoseis system.

All clnsses were hold from Mondays to Fridays between 09:00-12100
nnd 13:00-16:30 Hrs.
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SummDry Dnd Sugg~ntionn I

The ~~periene~ gDin~d with Prim~ 5Y5t~5 will let un giv~ the Auto
~~in nei~ic d~tection ny~t~ Dn Dccurnt~ Dnd oportun~ mDintonnnc~

nvoiding nystc~ downtim~s Dnd high~r cont5 of ~~t~rnDl maint~nDnc~.

Thin Dcqui~r~d knowl~dg~ will Dlno let u~ improve tn~ p~rfomDnce

of the Auto~~i~ both nDrdwnre nnd ~oftwnr~ modul~5, ~p~ciDlly tho~~

conc~rning tn~ op~rDtin9 nystom internnln.

Sinc~ mont of th~ d~lDY~ in fi~in9 computer problemG is du~ to th~

lDck of DppropiDt~ tool~ Dnd/or spDr~s in locDl mDrk~t5, I would
like to ~ugg~nt, if ponnibl~, thntCDrn~9i~ Institution of WDshin
gton DTM, continu~ h~lping us in this field.

Although w~ hDv~ gDin~d ~~p~ri~nc~ with th~ Prim~.5Y5tem, I wDnt to
ramDrk the n~c~55itY of pr~5sing Prim~ Computer Co. at D high~r

l~v~l in ord~r to giv~ Clw/IGP D pref~r~ntiDl tr~Dtm~nt. This will
fncilitnt~ the trDnsf~r of technicDl informDtion D5 n~ed~d by CIW/
IGP r~s~Drch Dctiviti~s with Prime 5Y5t~S.

Acknowledg~~nts I

I want to thDnk Dr. Selwyn Sacks, principnl inv~5tigDtor of the AID/
Clw/IGP proj~ct, for his permDnent interest in giving us nll th~

necessDry tools in order to support the Autoseis SY5t~.

I Dlso wDnt to thDnk Dr. SDcks for hi~ invitation to visit CDrn~gie

Institution of Washington, becnuse this let me to m~t Dr. John Sch
n~id~r from whom I r~c~ived information of how to us~ the Joint Hypo
c~nter LocDtion Progrcm (JHD) in order to Ddapt it Dt IGP. During
this visit I Dlso r~viow~d ~ome pDpers and did a ~imulntion on
cDlibrDtion pulses ov~r D SSl s~i~ometer in ord~r to finish D finDl
report on sys~~~ respons~ for the PDR1'~ Dnd t~lameter~d networks.

Edmundo o. NorabuenD
Instituto G~ofisico del Peru

Lima 30 d~ Abril de 1987
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Lima, 10 de marzo de 1987

Dr .
Jos~ C. Pomalaza Diaz
Presidente Ejecutivo
Instituto Geofisico del Peru
Presente

Ref.: Donaci6n Eguipo Red Sismica AID-CIW(IGP

Me es grato de informar a Ud. que en cumplimiento del
articulo 6 del "Convenio de Cooperaci6n T~cnica entre el
Instituto Geofisico del Perd y la Instituci6n Carnegie
de Washington/AID" el Departmento de Magnetismo
Terrestre de la Institucibn Carnegie de Washington (DTM
CIW) confirma la donacibn al IGP de equipo sismolbgico,
extensometrico y equiupo del Centro de Procesamiento de
Senales Sismicas en Tiempo Real de la Red Sismica AID
CIW/IGP de acuerdo a las guias a~reas siguientes (Anexos
1-13):

G. A~rea No. 042-35227625 - 12 btos. Computadoras y pre-
procesador

G. Aerea No. 044-22437822 - 01 bto. Cintas magneticas
G. Aerea No. 044-23227842 - 04 btos. Equipos sismicos y

radiotelemetria.
G. Aerea No. 042-37394840 - 01 bto. Estabilizador de

voltaje .
G. Aerea No. 044-22437881 - 05 btos. Equipos sismicos y

radiotelemetria.
G. Aerea No. 045-08046076 - 01 bto . Partes-repuestos

electr6nicos.
G. Aerea No. 042-39597025 - 01 bto. Partes y repuestos

electr6nicos .
G. Aerea No. 042-38598022 - 01 bto. Cintas magneticas.
G. Aerea No. 042-39606921 - 01 bto. Cintas magneticas.
G. Aerea No. 1390586 - 04 btos. Grabadoras Kennedy
G. A~rea No. 044-23590582 - 01 bto. Partes de"

repuestos.
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G. Aerea No. Papeleta4634 - 01 bto. Partes.
G. Aerea No. 045-08799711 - 61 btos. Equip05 extenso

tOOtricos.

Muy atentamente,

Dr. Selwyn Sacks
Investigador Principal
Proyecto Sismo16gico AID/CIW/IGP
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