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Introduction |

. The Abeche, Chad, seismograph station was inivially established |

o in February 1965, The south and west satellite stations were placed ’

in operation in March 1966. The new west satellite was established
in late May 1966. The station was established as a ccoperative
research project between the Lamont Geological Observatory of
Columbia Uriversity (LGC) and the Amis de Laboratoire de Physique
de 1'Ecole Normale Supericure (ALPENS) under the sponsorship of
the Air Force Office of Scientific Research (AFOSR). The ALPENS
group is directed by Professor Yves Rocard in Paris; however,

the immediate operaticns in Chad are under the supervision of

Mr. Jacyues Bersia whose address is BP 91. Abeché, Chad., A

native high school graduate assists Mr. Bersia with routine work
like developing photographic records, making time marks, etc.
O‘her local personnel include a Criver-mechanic, a carpenter,
gardener and guard. A Land Rover is used for transportation to
the satellite stations.

Abéeche was selected as the site for this station principally
for its geographical location which places it in he center of Africa
about equidistznt frora the oceans in all directions. Abéché was
2lso seiected because of its low seismic noise characteristics and

because of the availability of competent operating personnel.
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The location of the Abeche _tation on the African contirent is

shown on an outline map in Figure 1 together with the locations of

other stations on the African continent.

not currently operational,

instrumentation at Abéché are given in Table I.

Many of these stations are

The coordinates and elevations of the

Table I
STATION i LONGITUDE LATITUDE { ELEVATION
Abéché Main 20" 50' 40" E 13° 49' 38" N [550 Meters
South Satellite 20° 51' 42" E 13° 39" 12" N | 520 o
West Satellite (old) 20° 37' 48" E 13° 44' 12" N |498.5 "
West Satellite (new) | 20° 42' 07" © 13° 50' 46" N -

General Description

a. Customs and Immigration Information

All persons entering Chad require a visa available from

the Chadian embassy in Washington or at the United Nations in

New York. Chad imposes a 40% import duty on all items manufactured

in France and a 60% import duty on all items manufactured in other

parts of the world. To avoid this, all equipment and supplies for the

station were imported through the United States embassy as embassy

supplies which are free from import duties,
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b. Air Transport

Abéche is located in the eastern part of Chad apprcximately

670 km air line distance east of Fort Lamy, the capital of Chad. Fort

Lamy is easily accessible by air from Paris. There are at present
5 jet flights per week nonstop from Paris using DC-8's or Boeing
727's operated by Air Afrique or UTA, There are two flights per
week scheduled between Fort Lamy and Abeche via an Air Tchad DC-3
but this service is extremely unreliable, Abeche has an airstrip about
7030 ft. long paved with rnacadam. DC-4's have landed there without
difficulty in the past.
c. Greund Trancport

During the dry season from mid-September to mid-June,
it is possible to reach Abeche by road. Eighteen hours of driving
time over poor dirt roads are required. Commercial road transport
is almost unavailable and is at best unreliable. All of the equipment
and supplies for the present station have been brought in by ai-.
During the rainy sezson from mid-June to mid-September, the roads
are closed and Abéché is isolated except for the air service.

d. General Information i

The European community in Abéché is composed of
appruximately 50 persons of whom almost all are French technical
aid personnel. French is the of‘ical language of the country and the

only language spoken in Abecihe, The European personnel import

SRl
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most manufactured items and luxury food items such as cheege, uiter,
etc. There is one general store for both food and hardware, but only
basic items are available. Abeché has a combined post office, tele-
phone and telegraph service -vhich is operated by the government
(sirnilar to the PTT in France). Telegrams and mail, incoming and

outgoing, are undoubtedly read by goveinment officials. Mail service

from New York to Ab&ché requires 14 days, parcel post takes one month

and air freight generally requires six weeks, There are no banks in
Abeché and no facilities for changing traveler's checks. 220-volt, 50-
cycle AC power is available in the town, but not at the seismograph
station. A cost figure of $20,000 has beer qusted for bringing AC
power to the station. Thure is running water at a few (i.e., 3 or 4)
houses in Abeché but water is carried to most other houses. Water
cost is about $1.00 per cubic meter. Gasoline is usually available at

a cost of about $1. 00 per gallon although at present the borders of Chad
are closed and gasoline is generally unavailable. Bcttled gas is obtain-
akle intermittently in small containers in Abeché. Labor (unskilled)

is available and cheap, i.e., $12/month. The standard workday is
generally from 7 a.m. to 12 noon and 4 to 6 p.m. An aerial view of
Abéche is shown in Figure 3.

Installations and Instrumentation

a. Buildings
The main station at Abeche is shown in Figures 4 through
11. The land, buildings, office furniture, etc. are all the property

of ALPENS.
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b. Short-period seismograph system

The output of the short-period seismometer is fed into
. a short-period amplifier wnose output is split and fed into a tape
recorder and a short-period galvanomater whose motion .s recorded
photographically on a drum recorder. FEach of these units w * be
discussed separately below,

1) The short-period seismometers are Benioff
portable units manufactured by the Geote:h Division of Teledyne
Industries. The vertical unit is Model 4681 A and the horizontals
are Model 6102A's. A three component system is installed at the
main station. The seismometer free period is one cycle per second.
All eight of each seismometer's coils are connected in series and
an external damping resistance of 1200 ohms is utilized. Complete

descriptions of these units are available in the rianuals putlished by

the Geotech group.
2) The short-period amplifiers originally installed
at the Abeche main station were those described in a paper by Thanos

entitled "A Low Noise Transistorized Seismic Amplifier." This

paper was published in the Bulletin of the Seismological Society of
America volume 54, Number 1 in February 1964. A complete descrip-
tion of those amplifiers is given in that public_ticn. In March 1966,
when the satellite stations were es‘ablished at Abéche, the short-

period amplifiers at the main station were replaced with units similar
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to those operated at the satellite stations. A schematic diagram
of these amplifiers is presented in Figure 12 and the frequency response i

of these units is presented in Figure 13. The gain is fixed at 8500 in

the frequency band of interest.

R 20l

3) The vutput of the amplifiers is fed through an
attenuator network to a short-period galvanometer Model GS-250
raanufactured by the Earth Sciences Division of Teledyne Industries.
These galvanometers are operated at a {ree period of 0. 2 seconds
and have a sensitivity of 0, 035 rnicroamps/mm at a one meter focal .
length. The leugth of the sptical arm used at Ab%che is 50 cm. The
motions of the galvanometers are recorded on Sprengunether Tustrument
Company Model 610) three component Autocorders. These units recori
at a 60 mni/min rotation rate and 2. 5 mm/revolutior translation rate,

Records are made on 100 foot rnlls of photopaper and are changed and

prccessed once a week, A typical magnification curve for the photo-

graphic recording short-period system is given in Figure 14. With

an amplifier gain of 8500 and a galvanometer sensitivity of 0. 07 micro-

amp/ram at a 50 cm focal length, the short-period photographic |
instruments at the rnain station have a magnification of 112,000 at §
one cps. This figure is based on the seismometer output, which was

found to be 1, 35 mv for a weight lift of 200 mgr. and using a formula !
for magnification as given in the seismometer manual. Tue to differ-

ences in the telemetry gain, the magnifications of the satellite seis-

L =W
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mometers are different from that of a seismometer at the Abeche
station. Table 1l gives the magnification (from earth amplitude te

trace amplitude at a one cps earth motion) for each of the nine short-

. BT T T T

period seismometer systems which record photographically.

TN TN

Table II
STATION MAGNIFICATION | MAXIMUM
] AT 1 CPS MAGNIFICATION
Abeché Z(vertical) 112,000 369,600
NG 112,000 369,600
EwW 112,000 369,600
West Satellite Z 68,000 224,400
NS 65,0090 214,500
EW 52,000 204,600
South Saicllite Z 46,000 151,800
NS 66,000 217,800
EW 68,000 224,400
-

c. Long-perind system

This sytem is, at present, a low gain wide band system.
The output of the seismometers is split and one part is recorded by
long-period galvanometers on photographic paper. The other part of
the signal is amplified and recorded directly on magnetic tape.
1) The vertical long-period seismometer currently
in use is the Sprengnether Instrument Company model operating at a

free period of 15 seconds. The horizontals are man.factured by the ]

-~
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Earth Sciences Division of Teledyne Industries Mndel SH-491 and are
also operated at a free period of 15 seconds. The horizontals have
been modified to accommodate Sprengnether coils and magnets to
obtain similar constants except for the mass differences. .\ free
period of 15 seconds was chosen to simplify maintenance during the
large temperature variations between day and night. Specifications
on thesc units may be obtained from the manufacturer's catalog.

2) Amplifiers, Three channeis of preamplification
are required to bring the three-component, long-period signale vp to
a level suitable fo driving the record oscillators of the tape recorder.
The preamplifiers must be able to accept low impedance inputs
(i. e. , ~~ 500 ohms) and, of course, the input and output of each pre-
amplifier must be completely isolated to prevent feedback to the photo-
graphically recording monitor circuit. The amplifier selected for this
purpose was a Minneapolis-Honeywell Deviation Amplifier having the
follov..ng specifications:

Environmental Limits:

Ambient temperature;: 40° to 120° F
Relative humidity: 10% to 95%

Input:

Minimum span: + 25 microvolts

Minimum detectable signal: + 0.5 microvoltr-+ 0. 5x10"11

amperes

Resistance: 40,000 ohms at a gain of 10,000
10,000 ohms at a gain of 40, 500

Gain: Adjustable 7500 to 100, 000

Stability: 2% at a gain of 10,000

AR B IR
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Output:
Zero Siability: + 0.5 microvolt for an 8-hour period ;
Capabiiity: + 4 volts into 2000 ohms or more ;
Impedance: 250 ohms at a gain of 10,000
1000 ohms at a gain of 100, 000
Ripple: 1% RMS of the direct output voliage

Zero Stability: + 0.5 microvolts peak-to-peak ver a 0 to t
5 cps banc pass. In general, the measured }
noide le/2l was about + 0. 15 microvolts
peak-to-peak over this pass band.
The above seismometer-amplifier comb.anation providers a displace-
ment reaponse, which with increasing period falls at 6 db/octave from
approximately 5 cps to 15 seconds and then drops at 18 db/octave for
periods greater than 15 seconds.
3) The seismometer outputs are fed into Model GL-261
long -peried galvanometers manufactured by T~ledyne and operated at
a free period of 100 seconds. These units have a frequency response
like that of the 15-80 systems discussed in Sutto.a and Oliver's
"Sejismographs of High Magnification at Long Periods' published inu
Annales de Geophysique (1960). The magnification at present in the
frequency band between 15 and 90 seconds is 1500. The galvanometer
motions are recorded on a Model 6" )0 Autocorder at a rotation rate
of 15 mm/min and a translation rate of one cm/revolution. The

optical ar:n length is one meter.

d. Magnetic Tape Recording

The seismic signals from the main station and the two
satellite cations are recorded on a Geotech Model 21022 14 channel

one inch recorder operating at . 06 inches per second. The center
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frequency is 54 cps and + 40% deviation corresponds to + 1.4 volts.

The channel designations on the tape are listed in Table IIL

Table III
Channel Cemponent Station |

1 North-South SP West satellite
2 East-West SP " "
3 Vertical SP L n
i North-South SP South s.tellite
5 Vertical SP ¥ "
6 East-West SP ' "
7 Compensation - —_—
8 North-South spP Abéche main
9 Vertical SP 1 n

10 E:st-West SP " "

11 North-South LP " "

12 East-West P n n

13 Vertical LP 1" "

14 Time — —

The response characteristics of the long-period system as recorded

on magnetic tape are given in Figure 27.

e. Calibrarxion

Calibration step functions of voltage are applied to the

short and long-period seismometers daily at the main station. In
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addition, impulses of voltage are applied daily to the long-period
instruments to assure good calibration at the shorter periods,

Calibration step functions are applied to the scismometers
at the satellite stations once a week. Weight lift calibrations are
performed cvery two to three months.

Sine wave calibrations are performed once a year.

f. Time reception and generaticn

Time for all the LLGO recordings is provided by a
Sprengnether TS-100 crystal controlled chronometer. Time checks
on 15 mc from Radio Moscow are used to correct the chronometer
time to universal time., Time is generally good to about . 01 seconds.

g. Telemetry reception facilities

Six eight element Yagi antennas are mounted on two
antenna masts to receive the telemetry signals from the remote sites.
The signals are converted to a 6 mc i.f. and then the pulses are shaped
and applied to the ‘ecording heads. The signals are discriminated
also and fed to 0.2 sec UED Model GS-250 galvanometers whose
motion is recorded on three component auiocorders. One three
component Autocorder is utilized to record the signals from each
satellite, A schematic diagram of the pulse shaping circuitry is
presented in Figure 15. The circuit for reJuilding the square wave
for application to the recording heads is shown on the right hand

side of Figure 16.

e~ . et i, B
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h. Power facility

A 5KVA generator producing 220v 50 cps A, C. is operated
during the working day at Abéeché. This provides the power for battery
charging, lights, air conditioning, etc. This is not operational for
about 16 hours per day and during that period, the entire station oper-
ates on + 12v D. C. Four 200 amper: hour batteries provide the D. C,
power,

Due to daily battery charging, the recorders are operated
by a higher voltage juring the day than during the night. Special
constant speed motors are used for driving the Sprengnether drum
recorders. Power limitations are also preventing the use of most
desirabie types of tape recorders.

Satellite Stations

Location
The locations of the two satellite stations are given in
Table I and the locations relati\ = to the main stations are shown in
Figure 2.

General Descr’ption

Each satellite consists of a three component set of short-
period instruments housed in a surface instrument vault like those
shown ia Figures 17, 18 and 19. The amplifiers, telemetry equipment

and power generation equipment is housed in a brick building at each

satellite. Three telemetry antennas are mounted on a 50 ft. mast near
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the instrument building. This gives line-of-sight transmission;
however, during strong winds, the antennas move sufficiently to
cause momentary signal dropouts. Photographs of the satellite areas
are presented in Figures 20 to 24.

Instrumentation

The short-period seismometers installed at each satellite
station are the same model as those used at the main station.

The shcrt-period amplificre installed at each satellite
station are the same units as those installed at the main etation. The
schematic diagram of this amplifier is presented in Figure 12 and its
frequency response is presented in Figure 13.

FM modulation and Telemetry

Because the telemetry system is somewhat unusual, a brief
description of the units utilized follows.

Th~ output of each amplifier is jed into a voltage controlled
oscillator (VCO) card which was taken for the magnetic tape recorder
at the central station. Additional + 9 volt regulator cards were purchased
and installed at the outlying stations. This circuit is shown in the left
hand side of Figure 16. At this point, the seismic signal is contained
in a 54 cps center frequency FM cariier whose + 40% deviation points
correspond to + 1.4 volts of signal. The output of the VCO is then
applied to the input of the 150 mc (norniinal) telemetry ¢ransmitter.

The circuit diagram of this unit is presented in Figure 25.

pla
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The 54 cps carrier of the VCO is applied to a switching transistor
whicli conducts when the input voltage reaches a certain value cither
positive or negative. The 54 cps sine wave is thus converted into a
108 cps square wave. However in each cycle, the switcliing transistor
is quenched after approximately 1/8 of the cycle, Thus at this point,

the carrier looks like the following:

a =5—;- sec (center)
¢-— a - )
b 3! I b .-.—l-aé-sec (center)
1
— | lee c=gP
LI

The output of the switching transistor circuit is used to turn the B+
supply of the transmitter oif and on. Thus the transmitted signal is
a continuous wave (cw) signal of 150 nic (nominal) that is keyed at a
center frequency of '08 cps. By keying the transmitter for only
1/8 of the cycie, the peak power can be kept high while the average
power and thus the power consumed can be kept small. The output
of each transmitter is applied to an 8 element Yagi antenna cut for

the specific frequency of the transmitter. The transmitter frequencietr

used are given in Table IV.
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Table IV
Satellite Component Frequency
South Nortn-South 149. 0 megacycles
South East-West 151. 0 megacycles
South Vertical 150. 0 megacycles
West North-South 149. 5 megacycles
West East-West 150. 5 megacycles
West Vertical 151. 5 megacycles

The total power consumption at each satellite is approximately 3 watts.
A complewc set of spare telemetry transmitters is kept at each satellite
station. A complete set of spare telemetry receivers is maintained

at the central stations.

A simple flip-flop circuit at the output of the receiver is all
the electronics necessary prior to placing the FM signal on the record
heads at the central station.

Power supply

Two 200 ampere hour batteries supply the power at the outlying
stations. These require recharging once a month. A Kohler gasoline
operated charger has been placed at each sitc,

Detection Capability

* : minimum detectable signal ocbservable at this station has not

been studied. To obtain some idea of this function, however, the photo-

e o e
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graphic records only at the main station at Abéchée were studied for a
period of 42 days were studied. During this interval 475 earthquakes

were reported by the United States Coast and Ceodetic Survey (USCGS)

of which 183 were recorded at Abéché. In Figure 26, a plot of the

minimum magnitude detected at the 90% level as a function of epicentral

distance is presented.

ok T IR

A number of qualifications must be mentioned in connection with
the use of this graph. Among these
1) Only events reported by the USCGS are considered.
2) Only events with assigned magnitudes are considered.
3) The assigned magnitudes themselves are open to some

question.

4) Only the photographic records at the Abéche central

station have been used,

5) The instrumental response curves have not been optimized

for the noise spectrum at Abéche.
In connection with 1, it is necessary to look at the data further, In
a 19 day subset of this data, 203 events were reported of which 61 were

recorded at Abéché. During the same period, however, there were

13 major arrivals, 19 definite arrivals, 21 probable arrivals and

27 questionable arrivals observed. Thus at least 53 additional events
unreportud by the USCGS were recorded. Of the 13 major arrivals,

2 were determined to have occurred in Greece and 2 were observed at

Lwiro, Republic of the Congo, indicating a possible Rift Valley origin.
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Under item 2 above, during the same 19 day subset of data,
11 events were reported without magnitudes of which 4 were observed
at Abache, These were not included in the plot presented in Figure 26.
In connection with item 4 above, the use of the array and the magnetic
tape recordings would significantly improve the figurea given. In view
of all of these considerations. the detection capability indicated in
Figure 26 is a very conservative estimate. By utilizing array techniques,
shaping the response curves and using greate:- magnifications, signif-
icant improvements can be achieved.

Noise Spectrum at Abéche

& i

The spectrum of the microseismic noise at Abeche for a six
minute sample of data on 3 May 1966 is presented in Figure 28. This
spectrum is corrected for instrument response and represents the
data from the short-and long-period vertical seismographs which
record photographically. The low noise curve from Brune '"Noise 2t
the surface of the Tarth' :8 presented for comparison in this figure.
When thare are high win. .: Abéche (and they are common during
the rainy season up to 75 km/hr) the short-period noise level rises
to the point where the photographic recordings are not readable.
Winds generally last for a three-to-four hour period.

Future Pla.a

Fature plans call for the installation of a three component wide

band, high gain, long-period system using Phototube amplifiers and

U
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recording photographically and on magnetic tape These units will

be installed in May 1967.

ALPENS ha. drilled a 50 foot deep 8 inch diameter hole at
each station for installation of a shallow array of ALPENS (?)

seismometers,
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.

-20-

FIGURE CAPTIONS

Outline map of Africa showing Abéche ABC and other
past and present seismograph stations on the Afi.can
continent.

Pattern of the seismograph array at Abéche, Chad.

An aerial view of Abéche. The seismograph station,
about one mile from the center of the town, is shown at
the lower left of the photograph.

Front view of the main building at the main station in Abeche.
Rear view of the main station at Abeche. The antenna
mast in the center holds the receiving antennas for the
south satellite signals. A six meter communications
antenna is seen at the left.

View of the intericr of the main building showing the
magnetic tape recorder and control console to the left.
Photographic recording is carried out beyond this area.
A view of the interior of the main building showing the
office area of the station.

The exterior of the short-period vault at the main
statiou at Abéche.

The exterior of the long-period vault and the main station
at Abeche.

Solar power panele installed at Abéche,
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Figure 11. Telemetry mast and antenna for reception of signals from
the west satellite,

Figure 12, Schematic diagram of the short-period amplifier currently
in use at Abeché.

Figure 13. Fraquency response of the short-period amplifier
currently in use at Abéche.

Figure 14. Frequency responsc for the photographically recording
short-period systems at Abeche.

Figure 15. Pulse shaping circuitry at the central station.

Figure 16. On the right, the flip flop circuit for changing incoming
telemetry pulses to 54 cps square wave. On the left,
the FM encoding section ot the satellite electronics.

Figure 17, Surface short-pericd vault at the old west satellite
station.

Figure 18. Surfa.e short-period vault at the weast satellite station,

Figure .9, Surface short-period vault at the south satellite

Figure 20. Surface short-period vault at the south satellite opened
to show detzils of construction.

Figure 21. General view of the west satellite looking east toward Abéche.

Figure 22. View of the west satellite looking north.

Figure 23. Close up of instrument shelter at satellite.

Figure 24. View of the old west satellite.
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Figure 25,

Figure 26.

Figure 27,

Figare 28,
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Schematic diagram of the 150 mc (nominal) telemetry
transmitter,
Preliminary estimate of detection capability of a single
vertical seismometer recording photographically at Abéche,
Response characteristics of the long-period tape system
at Abeche.

Spectrum of the microseismic noise at Abéché.
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Figure 3. An aerial view of Abéché. The seismic station, about 1 mile
from the center of the town, is shown at the lower left of the photograph.

Figure 4. Front view of the main building at the main station at Abéch¢.,
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Figure 5. Rear view of the main station at Abéché. The antenna mast at the center
holds the receiving antennas for the south satellite signals

A six meter
communications antenna is seen at the left.

Figure 6. View of the interior of the main building showing the majpnetic

tape recorder and control console to the left, Photographic recording is
carried out beyond this area




Figure 7. A view of the interior of the main building showing the offfce
area of the station,

Figure 8. The exterior of the short period vault at the main station at Abéché.
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Figure 9. The exterior of the long period vault at the rmain station at
Ab&chd,
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FigurelO. Solar power panels installed at Ab< hé.




Figure J1, Telemetry mmast and antennas for reception of signals frora
the west satellite station,
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Figure 18,

The

surface

short poriod vault at the west satellite station.
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Figure 19. The surface short period vault at the south satellite station,

Figure20. The surface short pericd vault at «. : south satellite station
opened to show details of construction,




Figure 22, A view of the west satellite looking north,



Figure 23. A close up of a typical electrorics instrument shelter at the
satellite stations,

..




Figure 24. A view of the old west satellite station.
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