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ABSTRACT

- Tnis book investigates the development of the procedures and equipment for
- studying the seismic conditions of large industrial centers in seismically
hazardous regions. Stationary observations in deep boreholes permitting

a sharp increase in sensitivity of the equipment and centralized radio-
telemetric recording which increases the accuracy of determining the
coordinates of the centers in space were used as the basis for the study.
A description is presented of the seismic characteristics of Alma~Ata

studied by the materlals of 4 years of observations.

engineers and builders.

There are 17 tables, 92 illustrations and 37 references.
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FOREWORD

The Soviet lnion has many large industrial centers located in seismically
dangerous areas. In particular, these include the capitals of union
republics such as Alma-Ata, Frunze, Tashkent, Dushanbe, Ashkhabad, and so
on, and tens of oblast centers and cities with developed industry.

The development and construction of cities located in these regions require

seismic regionalization, the statement of the problems of predicting earth-

quakes. They are unthinkable without further study of the seismicity of

the territory and improvement of the instrument observation network. With

an increase in construction intensity the requirements on the detailed

study of the gseismicity grow. However, the successful solution of the prob-

lem is connected with consideration of certain specific peculiarities. The
- basic one of them is the high level of seismic interference caused by the
vital ‘activity of large centers which limits the senaitivity of the equip-
ment and makes it impossible to record weak local earthquakes which are of
special interest during periods of "quiet" in the seismic regime. The
stations located at sufficiently great distancrs from a city stop "noticing"
weak local earthquakes even before the city has "felt" them. In addition,
for all earthquakes which can be recorded, the accuracy of the constructions
falls off as a result of the distance between stations. At the same time
when studying the seismic characteristics of a local area it is necessary
to ingure high precision of all of the construction, including tracing of
the zones that are seismically active at the present time.

These contradictions greatly complicate the study of the seismic characteris-
tics of large industrial centers in seie~ically hazardous regions.

Accordingly, during the last decades the Institute of Earth Physics of the
USSR Academy of Sciences in cooperation with the Llnstitute of Geology and
Geophysics of the Kazalh SSR Academy of Sciences has performed research in
the development of procedures and equipmeat to study the seismic character-
istics of large industrial centers. Studies have been performed in the
vicinity of Alma-Ata, which 1s located in a fcrce 10 zone fer which a
"quiet period" in the seismic activity is now characteristic. The basic
areas were to increase the sensitivity of the equipmi¢nt and improve the
accuracy of the constructions.
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Lt appeared that it is possible to achieve increased sensitivity of the
equipment under the specific conditions of a large city by organizing
observations in deep boreholes. Let us note that there is no experience in
deep-well seismology in the USSR,

In order to increase the accuracy of the constructions, first of all it

was necessary significantly to increase the accuracy of the time aervice.l
This could be achleved by centralized multichannel recording of the signals
at all stations located in the research area with a united time service.
The prospectiveness of this recording was determined by one of the basic
trends in modern seismology realizing the transition from observations by a
network of scattered stations located at great distances (hundreds and more
kilometers) from each other to observations by a large number of stations
located inacomparatively small area. The groups formed in this case permit
use of the directional interference procedure, correlation analysis of the
waves and improvement of the resolution of the seismic methods.

The principles of this area of study were laid down by the works of
G. A. Gamburtsev on the correlation method of studying earthquakes in
Northern Tyan'-Shan', Pamir and Turkmenia !n 1951-1953 {21, 23, 27-29].

_ In this book a study is made of the problems connected with the mentioned
- problems and also the results of 4 years of study of the seismic regime in
Alma-Ata.

The first part of the book is on deep-well seismology. Descriptions are pre-
sented of the equipment and the specific peculiarities of performing
stationary highly sensitive seismologic observations in deep wells

(Chapter 1), the laws of decrease in level of seismic noise with depth.

An estimate is made of the possibility of increasing the sensitivity of the
borehole observations under various seismogeologic conditions (Chapter II).
It is demonstrated here that in order to increase the sensitivity and
accuracy of the constructions it is significantly more advantageous to

go "under the city" than away from it to the side.

Th- second part of the book contains a description of the Alma-Ata test area
of automatic ground surface and deep-well stations and also the radiotelemetric
recording system (Chapter III). A detailed description is presented of all
elements of the set of radlotelemetric recording equipment. The basis for
the radio channel was the system developed by V. G. Katrenko [37].

In spite of the fact that the studies were basically of a procedural nature,
the data obtained as a result of operation of the test area made it possi-
ble to study the seismic conditions of Alma-Ata. These results not only
confirm the effectiveness of the developed procedure but also are of
independent interest (Chapter IV). A detailed description is presented of
the initial material and the procedure for processing the multichannel
seismograms. Considering the novelty of the operations, we have considered
it expedient to present a quite large number of primary seismograms in

the description.

1 [accurate hour's gervice] 3
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Tn the concluding Chapter V a description is presented of the basic
peculiarities of the seismic conditions. A study was made there of the
effect of the observation conditions on construction of seilsmograms and
the azimuthal deviations of the seismic beams.

The accumulated experience has shown that the developed procedures and equip~
ment can be recommended for studying the seismic conditions of large indus-
trial centers located in seismically dangerous zones and also to solve other
problems of seismology. Therefore the procedure and equipment are described
with a degree of detail which is sufficient for organization of analogous
studies in other areas.

This is all the more significant in that the study of the weak local earth-
quakes 13 acquiring greater and greater interest in the problem of earth-
quake prediction. Thus, in the second phase of the national program of
Japan for predicting earthquakes which was started in 1976, in order to
record the weak local earthquakes in the vicinity of Tokyo provision was
made for the creation of a test area of three highly sensitive stations,
the seismographs in which will he located at depths of 2500 and 5500 meters
[76].

The book was written on the basis of reports fromthe coworkers of the
Laboratory of Deep-well Seismology Ye. I. Gal'perin, L. M. Vorovskiy,

R. M. Gal'perina, P. A. Troitskiy, A. K. Trofimov, A. I. Chesnokov. The
material was prepared by L. M. Vorovskiy (Chapters I, II, Chapter III,

1, 2), A. I. Chesnokov (Chapter 'III, §3-5), R. M. Gal'perinz (Chapter IV,
Chapter v, §2, 3), §1 of Chapter V was written by I. L. Nersesov, the fore-
word was written by Ye. I. Gal'perin and the conclusion by Ye. I. Gal'perin
and I. L. Nersesov.

In addition to the authors, the research was participated in by

V. P. Kharin and M. I. Moshul, and in individual phases also by

P. A. Troitskiy (1970) and A. K. Trofimov (1972-1973). V. G. Katrenko was
of significant assistance in organizing the radiotelemetric recording (1971).
A. P. Vorovskaya, G. L. Suzdorf, L. A, Ditler and A. V. Frolova basically
participated in the processing and interpretation of the materials and the
formatting of the monograph.

All of the studies were performed under the direction of Ye. I. Gal'perin.

The authors express their appreciation to all of the coworkers participating
in the studies and the preparation of the monograph.
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PART 1. DEEP-WELL SEISMOLOGY

When solving many of the problems of seismology, highly sensitive operations
are the basis determining the level of investigation. This pertains, in
particular, to the study of the seismic characteristics of large industrial
centers. One of the possible means of increasing the sensitivity of the
equipment 1s observation in wells or boreholes.l The new area is develop-
ing as deep~well seismology, and with each year it is finding broader and
broader application.

The seismic noise formed basically by surface waves decreases with depths,
However, even the useful signal at internal points of the medium is
weaker than on the surface. This 1s explained by the fact that on the day
surface the wave amplitude 1s doubled as a result of reflection from the
earth-air interface. The possible gain in sensitivity of the equipment on
burying the seismograph is determined by how much faster the noise level
decrerses with depth than the useful signal.

: For tiiz Jjevelopment of deep-well seismolory it was first of all necessary to
build equipment which could be used for observations in the wells, to study
the laws of variation with depth of the seismic noise background under
various seismogeological conditions and to estimate the possibilities of
increasing sensitivity of the equipment, for observations in boreholes. The
resolvability of the seismic recording is determined not only by the signal/
noise ratio, but also by the complexity of the shape of the useful signals.
Therefore, along with the wave-noise distribution with respect to depth it
1s necessary to study the laws of variation of the shape of the useful waves.
These problems are the subject of this part of the book.

CHAPTER I. EQUIPMENT FOR BOREHOLE OBSERVATIONS

Observations in deep wells are connected with a number of specific peculiar-
ities of both a technical and theoretical nature. On the one hand, the

IHere and hereafter we shall use the word sensitivity to mean useful

sensitivity, that is, maximumamplification that can be realized with an
admissible noise level.
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decreasc in seismic noise level with depth makes it possible to increase
the sennltivity of the equipment. On the other hand, as a result of high
temperature and pressure, long length of the cable and other reasons, the
equipment noise increases, In addition, the performance of the observa-
tions in the boreholes is connected with ecological difficulties. The
basic means of Increasing the signal/noise ratio under these conditions
1s the low-noise equipment which has been developed and used for short-
term (vertical seismic profile) and stationary observations.

- §1. Deep-Well Seismometers

Before the beginning of the described research in the Soviet Union there
were no low-frequency seismometers for stationary seismological observa-
tions in deep wells. Comparatively few observations of a reconnaissance
nature were performed in 1961-~1962 using ground seismometers designed for
reglonal studies (NS~3 with a natural frequency of 2-4 hertz). However,
during the first years after the beginning of studies (1966-1967) low~
frequency seismometers were developed for seilsmological observations in
deep wells. TFor deep well observations of both short-term, profile and
stationary type, seismometers of two types were used which were developed
at the Institute of Earth Physics of the USSR Academy of Sciences -- the
SBU-V (designed by G. L. Shnirman) and SD-1F (designed by N. Ye. Fedoseyenko).

The SBU-V seismometer. The deep-well vertical magnetoelectric SBU-V
seismometer (a high-gain, vertical seismometer) is designed for recording
the vertical component of the seismic oscillations in deep, specially
equipped wells [59]. The general view of the seismometer without the pro-
tective case is shown in Fig 1, a. 1In the upper part of the device there
is an automation compartment which provides for performance of the
instructions transmitted over the logging cable from the control panel
located on the surface. In the lower part of the device there is a
pendulum compartment. The pendulum system (Fig 1, b) is in the form of

the mass M and the extension arms Py and P, on which the operating coils

K] and K, are fastened. The entire system is suspended on a cylindrical
coil spring 1 with zero length so that the axis of rotation of the pendulum
and its center of gravity are in the same horizontal plane. On oscillation
of the pendulum, the operating coils are shifted in the annular radial

gaps of the two magnetic systems rigidly connected to the base of the

- instrument (not shown in the diagram).

The basic parameters of the seismometer are as follows: coil resistance
about 300 ohms, the oscillation period is regulated from 0.8 to 1.2 seconds,
the reduced length is 11+2 cm, the electromechanical constant is no less
than 11 Webers/rad, the moment of inertia of the pendulum is 7-10~3 kg-m2,
the sensitivity on a frequency of 2 hertz is 0.5 mv/micron, the damping is
0.4, and the operating temperature range is from 0 to +80°C. The container
insures a seal at a pressure to 20 MPa. The seismometer set includes the
following: the seismometer itself, the grcund control panel, the feed

unit and the connecting cable. The ground control panel permits remote
realization of the following operations: locking and unlocking of the

6
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- seismometer; switching the system on and off regulating the position of
equilibrium of the pendulum; measurement of the natural oscillation period
of the pendulum; feeding of the calibration pulse to the coils. The panel

feed can be realized either from the 24 volt storage batteries or the
220 volt AC network.

Figure 1. SBU-V Seismrmeter
a -- General view with automation (1) and pendulum (2)
compartnents; b -- schematic of the pendulum.

Although the SBU~V seismometer is designed for stationary observations it
is necessary to note that it has been used successfully for profiling,
withstanding more than 500 cycles of unlocking, swinging and locking with-
out any significant failures. During the stationary observations the
SBU-V seismometer can operate for years. In practice all of the station-
ary observaticns were performed by the SBU-V gseismometer.

7
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5D=11 Scismometer. Thin seismometer [57] is a device with a magnetic
cushion and zero reduced length. The testing of the seismometer and the
development of the control system for it were carried out with the partici-
pation of the authors of this paper. The structure and the operating
principle of the seismometer are obvious in Fig 2, a. Two magnets
(stationary 6 and moving 3 distrituted on springs of the membrane type 11)
are turned with the like poles toward each other. The moving magnet is
the pendulum of the seismograph. 1In the gaps of the two magnetic asystems
there are operating coils: a stationary coil 12 rigidly connected to the
housing of the device and located in the gap of the moving magnet, and the
moving coil 14 which is fastened to the moving magnet and in the gap of
the stationary magnet.

The pendulum of the instrument (the moving magnet) is adjusted and suspended
by using additional magnets: astasing 1 and supporting 2. The instrument
is locked by pressing the pendulum into the extreme lower position which is
realized remotely using a reversible electric motor 15 fed a direct current
from the day surface.

The basic parameters of the seismometer are as follows: amplitude range
of oscillations of the inner mass +5 mm; damping 0.4; resistance to the
operating coil 600, damping coil 400 ohms; the period of the natural
vibrations 1s 1 second; the coefficient of electromechanical coupling of
the operating coil is 1.2 volt-seconds/cm.

For remote control of the seismograph (the seismometer) a control panel was
used which has been developed and manufactured by V. G. Katrenko. The
panel is made up of four basic units: the pulse generator, stabilfzer,
pre-amplifier and switching devices (Fig 2, b).

By using the panel it is possible to feed a voltage to the electric motor
of the seismograph and test pulses to the calibration coil of the pendulum,
toswitch the input of the pre-amplifier and the operating coils of the
pendulum, and to monitor the feed conditions. The pendulum is unlocked by
feeding a voltage to the electric motor 15 (Fig 2, a) which drives the
locking mechanism. When swinging the pendulum, its position is controlled
by heteropolar adjustable pulses generated by the pulse generator.

The period of the seismograph is determined and regulated directly in the
well using a panel specially manufactured for this purpose. The electric
response of the pendulum system to the test pulse is amplified by the

= high-resistance DC ampiifier and is fed to the nointing indicator. After
swinging the pendulum and establishing the required period, the seismograph
is switched to the operating amplifier, and the control pulses are fed to
the recorder tape. The amplitudes of the pulses of opposite polarity must
be strictly che same in this case.

The SD-1F device which is structurally simple and easi{ly controlled can be

used successfully for deep-well abserviations of the profiling type when
multiple repetitions of the unlocking-.winging-locking cycle are required.
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Figure 2. SD-1F Seismometer
a4 == general view: 1 -- astasing magnet, remotely controlled
electric motor, 2 -- supporting magnet, 3 -- principal magnet,
4 -- magnetic circuit of the upper converter, 5 -- calibration coil,
6 -- principal magnet of the lower converter, 7 ~- magnetic circuit
of the lower converter, 8 -- housing, 9 -~ guide rod, 10 —- split
bushing for regulating the position of the supporting magnet,
11 -~ diaphragm type springs, 12 -~ operating coil, 13 ~- put for
regulating the position of the mag .'t and the magnetic circuit of
the lower converter, 14 - moving operating coil, 15 — MKM or
MSV electric motor;
b ~ control pancl electric circuft: 1 —- pulse generator, 2 --
stabilizer, 3 -~ preamplifier.

output; 2. Shl; 3. P3a, P3b; 4. IP1; 5. Pr; 6, Knl.
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It must be noted that, as the experience of 5 years of observations has
indicated, the sensitivity of the existing seismographs cannot be considered
sufficient, For ground observations in the different phases of the

research == profile, semistationary and stationary -- geries seismometers

of the SM-2M, NSP-2 and VEGIK type ware used. Inasmuch as all of them are
manufactured in series, they are described in the literature [5], and

they have long been widely used in seismic research, their characteristics
and parameters are not presented.

Protective Housings and Clamping Devices. The protective housing of the
deep-well instrument is designed to protect the elements of the instrument
from the extreme environment. For both of the deep-well seismometers --
the SBU-V and the SD-1F =~ field protective housings were used which were
covered by plugs on both ends. The upper plug or head of the protective

- housing is designed to seal the housing, connect the instrument to the
cable and place the electric leads connecting the cable strands to the
instrument circuitry in it. A specially developed standardized head was
used in which conical insulators with internal electric leads were inserted
in the plug bridge. The inside volume of the head (just as in the series
SBU-V) was filled with chemically neutral castor oil which prevents access
of wate™ or drilling mud to the electric lead. The seal of the seismograph
housing was realized using rubber sealing rings. The lower plug of the
protective housing is designed only for sealing the housing. The protective
housings with a universal head that were used demonstrated good reliahility
and operation nct only in the case of short-term but also long-term station-
ary observations lasting several years.

For the observations at any given depth and "disconnection" of the device
from the day surface (when it is necessary to slack the cable), a clamping
device was used which serves simultaneously for rigid fastening of the
seismometer to the well walls. Out of the many types of existing clamping
devices, a mechanical type unit was selected as the simplest one, not
requiring additional cable strands. The basic part of the duvice is the
spring (one or two springs, depending on the weight of the well unit)
mechanically released on raising the device and holding it at the required
depth. The displacement of the instrument in the well is from bottom to
top in the closed position. With proper adjustment the unit operates quite
stably and reliably.

52. Preamplifiers

In connection with the difficulty of improving the sensitivity of ueep-well
seismometers, it appeared expedient to amplify the electric signal directly
at the point of installation of it for which a preamplifier was installed.
The following basic requirements are imposed on the preamplifiers operating
in deep wells and combined with seismometers (the deep-well preamplifier):
a) minimum dimensions; b) low natural noise level at operating temperature;
c) operating stability; d) feed economy.
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It is necessary to note that the difficulties in using the existing
amplifiers during stationary observations at depths of about 3000 meters
and temperatures of more than 100°C are determined primarily by the
temperature characteristics of the amplifiers and the natural noise level.

Several types of amplifiers were tested in the various stages of the
observations, in particular, the KSE and the RV3-T. Por observations

at low temperatures (to 50°C) corresponding to depths of 1000 to 1300 meters,
a preamplifier with negative feedback was used which was developed at the
Earth Physics Institute of the USSR Academy of Sciences (Fig 3, a). The
amplifier has the following parameters:

Input impedance, kilohms about 2
Noise reduced to the input, microvolts no more than 0.5
Transmission coefficient with respect to

voltage, Kn 200
Feed voltage, volts . 1.5
Intake current, milliamps 0.5
Operating temperature range, °C from ~15 to +45
Operating frequency range from 0.6 hertz to

several kilohertz

The circuit diagram of the preamplifier combined with the SBU-V
seismometer is shown in Fig 3, b. Although the preamplifier itself has
small dimensions, placement of it in the housing of the seismometer
simultaneously with the two Mars or Saturn type power supply elements has
involved some structural changes. It was installed in the 11ightning
protection compartment, removing the dischargers.

The duration of the continuous stationary observations by the deep-well
seismometer with the preamplifier is basically limited by the discharge
time of the feed elements and amounts to about 1 year. Then the instrument
must be lifted out of the well and the power pack replaced. In order to
avoid excessive 11fting and lowering operations, a power pack has been
developed which 1s placed in the seismometer and is fed from the surface.

The schematic diagram of the power pack 18 depicted in Fig 3, c. It is

a square-pulse generator assembled from two transistors. A 6-volt DC volt-
age is fed from the surface, it 1s converted by the generator to the high
frequency square voltage. On being picked up from the secondary windings
of the Tr-1 transformer, it is rectified, filtered and fed to the pre-
amplifier power supply circuit. The current intake by the unit 1is 10-13
milliamps.

In order to avoid feeding high voltage to the power pack and preamplifier
from the control panel of the SBU-V seismograph (as a result of which thaey
can be put out of order), the RPS~20 type PO relay 1is introduced into the
circuit diagram (Fig 3, b). This relay disconnects the power pack
and the preamplifier input from the control lines during the operations

of locking (unlocking) and swinging the peadulum of the seismograph.
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Figure 3, Preamplifier
a -- schematic diagram; b -- circuit diagram with SBU-V
seismometer; c ~-- circuit diagram of the power pack

Key:
1. 4nput 7. cable strands
2. output 8. armor
3. ~1.5 volts 9. amplifier power pack
4. +1.5 volts 10. P4 is located in the automation
5. P416B compartment
6. C;500x6vV 11. to th~ automation compartment

12, kDr2, kDr3, common
13. -1,5 volts

14. common

15, +1.5 volts
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The placement of the preamplifier directly at the observation point permits
the transmission of a sufficiently amplified signal over tha cable to the
surface and at the same time makes it possible to decrease the electrical
inductions significantly and increase the sansitivity of the equipment.

§3. Amplifying ard Recording Unit

The electric signal of the seimometer amplified at the observation point by
a preamplifier i1s fed over the KBG~B or KSB-6 logging cable from the
borehole to the umplifying aud recording equipment.

Devices developed at the Earth Physics Institute of the USSR Academy of
Sciences were used as the power amplifiers in the different observation
stages. The recording was done by the RV3~T type visible recorders [1].
Standard pen recorders were connected at the output of the device.

In parallel with the visible recording by the pen recorders at some of the
observation points a recording was made by a ChISS frequency selection
seismic station with octave filters (the resonance frequencies of the
filters were 1.4, 2.8, 5.6, and 11 hertz). The recording was made on
photographic paper using thz RS-II recorder. The block diagram of the
seismic recording channel and frequency characteristice are shown in Fig 4.
At the automation stations included in the test area, the recording was
made by a radiotelemetric unit which is described in Chapter III.

The control of the amplification and stability of the characteristics of
the deep-well seismic channels was carried out using the calibration
signal of the constant amplitude magnetic generator (MGPA).

Thus, the situation with instrument support of deep~well seismology 18 ss
follows:

1. The existing sets of equipment for ths seismic observations in deep
wells normally operate at temperatures to 50°C which in the vicinity of
Alma-Ata corresponds to depths of 1200-1300 meters.

2. The use of a preamplifier directly at the point of installation of the
seismometer in the well essentially increases the useful sensitivity of the
equipment.

3. The sensitivity of the deep-well seismometer is insufficient for
observation in deep wells. For profile well observations it is expedient
to use the SD-1F seismometers distinguished by simplicity of control, ‘and
for prolonged stationary measurements, the SBU-8 seismometers which are
stable and reliable in operation.

13
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5

&+
T

Key:

FOR OFFICIAI USE ONLY

Ty

e

T rrrIng

3 (o mem e AR mm———
z oo |
| | o] Zaae sl Paponu~
(DN (e}
Npmom | . L ___ﬁtﬁ/ﬁ”&ﬂzﬂl’ld_)___-‘
18-
[‘””’;Z,
(e N R
| ~T TamBononempw
'y
it VAN
¥ | 8 PuITPO [~ Lo
§ l (3 (h)
(£) ¢ § ? E L.........._.......f%ﬂQSll..
AL
| (k) 0
Cedino- 20075 = ) (1
il el
I ]
L p
J -
0

Figure 4.

Chronometer

Terminal amplifier
Pen recorder
Recorder

Control panel
Borehole or well
Electric power supply

Seismic Channel

h.
1'
3.

k.

1,
m.
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a -- block diagram; b -- frequency characteristics of the

seismometer (1), the amplifying and recording channel (2),
the entire channel (3) and the reproduction filters of the
ChiSS [frequency selection seismic station] (4)

Filter unit

Galvanometers

ChISS [frequency selection seismic
station)

Seismograph

Preamplifier

f, hertz
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4. For the further development of deep-well seismology it is necessary to
improve the deep-well equipment, The basic areas here arae the following
developments: a) single component and triple component deep-well
seismometers with a natural oscillation perdiod of 5 seconds, the sensitivity
of which is 20-40 times greater than the exiasting one; b) amplifiers with
low noise level and channel multiplexing equipment for transmission of
information from the well over the small-core cable} ¢) versions of the
deep~well equipment with thermal stability to 120°C.

15
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- CHAPTER II. SENSITIVITY OF DEFP-YELL OBSERVATIONS AND STRUCTURE OF THE
SEISMOGRAMS

At the present time the operations with respect to increasing the sensitivity
of seismic operations are developing in two areas.

The first of them is connected with wave selection by ¢« urtain parameters
characterizing the wave field. Here, in addition to zhe traditional wave
selection with respect to frequency, the wave selection with respect to the
direction of propagation and velocity is acquiring more and more signifi-

. cance in recent times. In procedural respects it is connected with groups
of seismographs located along the line or on the observation plane. 1In
addition, wave selection with respect to the polarization attribute (the
polarization filtration) has developed which is based on wave separation
at the point with respect to the direction of motion or with respect to the

- nature of the trajectory of motion of the particles of the medium. The
sensitivity increases significantly on combination of both types of wave
selection with respect to direction of propagation and polarization of the
waves [16].

The second area is based on the removal from the surface, that is, the
observations in the wells [17]. In each specific situation, depending on
the goals of the research, the nature of the wave interference and observa-
tion conditions, different methods of improving the useful sensitivity or

_ combinations of them can be selected.

When studying the seismic characteristics of large industrial centers, the

- specific observation conditions greatly complicate and sometimes exclude
the possibilities of using the methods based on wave selection with respect
to direction of propagation. At the same time, the wave interference
primarily made up of surface waves gives rise to effectiveness of the
second area. Therefore when studying the seismic characteristics of local
sections of large industrial centers the seismic observations in boreholes
acquire special interest. This chapter discusses this area.

Let us characterize the state of the art with respect to the available

published data and thus describe the experimental studies performed by the
Earth Physics Institute of the USSR Academy of Sciences in wells drilled

16
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5

FOR OFFICIAL USE ONLY

to a depth of 3000 meters hasically in terrigenic deposits and located in
areas with high (Alma=Ata, Tashkent) and low (the village of Chilik) noise
levels and also in shallow (to 100 meters) wells revealing the crystalline
foundation,

When estimating the sensitivity of the equipment it 1s necessary first of
all to discover the laws of variation with depth of the lavel of seismic
noise and useful signal.

The variation in noise level with depth was investigated by the method of
vertical seismic profiling (VSP) [15]). However, the background interference
not only changes with depth, but it is also characterized by great variabil-
ity in time. 1In order to study the time laws, long-term semistationary

and stationary observations were performed in the wells. During these
observations a large number of different earthquakes were recorded in a
number of wells at different depths.

The performed observations made it possible to estimate the possible gain
in sensitivity during the deep-well observations and also to compare the
shape of the recording of individual wells and the structure of seismograms
obtained at different depths and on the day surface.

§1. State of the Art with Respect to Seismological Observations in Boreholes
(Brief Survey of Published Data)

In the last 20 to 25 years studies were made abroad (especially in the

United States and Japan) with respect to the development of seismologic
observations in wells. Sets of deep-well equipment were developed, and
studies were made in areas of different structure in the depths range from
several tens to 6000 meters. It is necessary to note that in the published
materials the data on possible gain in scnsitivity of the equipment are
presented only in some of the first papers; primary attention in the majority
of the papers has been given to the wave interference characteristics and

a discussion of their nature.

One of the first papers on estimating the possibility of increasing the
sensitivity of the equipment during recordings in wells must be considered
to be the experiment of [80] performed to isolate waves reflected from the
Mohorovichich surface. The observations performed {n three boreholes at
depths of 1000 meters demonstrated that the natural noise background at
the surface 1s appreciably greater than at depth. Thus, whereas on the
surface the noise level reached 40 microvolts, at a depth of 1000 meters
it was about 4 microvolts, and in one of the wells it was 1 microvolt and
did not differ from the natural noise of the amplifier. The fact of a
decreased noise level with depth indicated the important role of the
Rayleigh waves in surface noise. The results of these observations have
confirmed the theoretical proposition of the possibility of increasing the
sensitivity of the equipment by burying the seismograph,

17
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The seismological observations in wells began to develop quickly at the
end of the 1950's. This was promoted to a great extent by the special
studies to compare the recording additions in cased and uncased wells,
vhich demonstrated that under the condition of a well-cemented well and a
reliably clamped seismograph the recordings in' the frequency range of
15-70 hertz were not distorted by the effect of the casing [71). The
complete identicalness of the recordings in the cased and uncased wells
was also proved and, at the same time it was demonstrated that the cased
wells cemented to the head did not distort the recordings in the frequency
range from 1 to 10 hertz. These results greatly simplified further studies,
for the recording in an open well is always fraught with the danger of
losing the seismograph and failure of the well itself,

For convenience of investigation, all of the borehole observations can be
provisionally divided into three groups: observations in shallow wells
(to 100 meters) [66, 77, and so on], medium-deep welis (to 600 meters)
(77, 78, and so on], and deep wells (more than 600 meters) [64, 70, 72-75,
and 80 on]. The drilling of shallow wells is appreciably cheaper and
observation simpler in connection with which the evaluation of the feasi-
bility of increasing the sensitivity here is of special interest. The
observations in deep wells are coupled with great technical difficulties
caused by increased pressure and temperature,

Let us present the basic observation results.

Observations in Shallow and Medium-Deep Wells. . The most complete studies
of noise in shallow wells are presented in reference [66], which permitted
its authors to formulate certain conclusions.

Apache Well (Oklahoma). This area is one of the "quietest" places in the
continental United States. The depth of the borehole is 18.3 meters. The
weathuring zone 1s very thin, and the ground seismometers were installed
directly on limestone. The background in the period range of 0.3-1.4 seconds
1s made up almost completely of oscillations with a period of 0.5 seconds;
the 0.5-second spectral peak has a mean amplitude of about 0.2 nm2/hertz.

On a still day no significant difference was observed between the noise
level on the surface and in the well. The probability of the occurrence

of a background of the given or smaller amplitude 1s illustrated in Fig 5, a
by which the decrease in noise level connected with wind at a depth of

18.3 meters is obvious. From the histograms of noise of different

periods on a still day with a wind velocity of 20-40 km/hr it follows that
the noise 1s represented basically by oscillations with a period of

0.5 seconds; the insignificant predominance of the long-period component

in the borehole by comparison with the surface is noticeable. The depth of
the borchole 18 insufficient for complete disappearance of the wind noise.

Wichimo Mountain Well. The surface anddeep-well seismographs were installed
on bedrock (granite). On a still day the background interference level on
the surface differs little from the background interference level in the
borehole. During windy weather with a wind velocity of 30 km/hr at depths

18
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- [Legend and key for Fig 5, preceding page)

a -- probability of occurrence and percentage content of noise in the
period range of 0.3-1.4 seconds at the surface and at a depth of 18.3 m
(Apache, Oklahoma): 1 -- still day, surface and a depth of 18.3 meters,
2 -- wind veloeity 20-40 km/hour, depth 18,3 meters, 3 -~ wind velocity
20-40 km/hr, surface;

b -- energy spectra of the noise in the Pinedale well (Wyoming) on the
surface (1) and at a depth of 32 meters (2) and in the Winner well
(South Dakota) at night (3) and in the daytime (4);

¢ -- amplitude ratios of the noise shifts in the well at different depths
and on the surface (Japan) for different frequency intervals (1, 2 —-
horizontal components, 3 =~ vertical component).

Key:
1. nm?/hertz
2. T, sec
3. X, nm
4., f, hertz
» of 61-36 meters, no wind interference was detected; at a depth of 18 m

only an insignificant part of the background is connected with wind.

Pinedale Well (Wyoming). A well 61 meters deep was drilled in shaly clay
having a longitudinal wave velocity on the bottom of Vp=3.0 km/sec. On

a still day the background level with respect to 50% probability level
decreased with depth and at the bottom was 0,7 of the surface value. The
amplitude of the useful signal at the same depth decreased to 0.9 of the
surface amplitude. Table 1 shows the results obtained when analyzing the
recording at different depths. At a depth of 61 meters the noise connected
with wind is not observed in practice.

The peak in the borehole noise spectrum (Fig 5, b) between 0.7 and 0.4
seconds is caused by the fact that the noise connected with wind does not
diminish at this shallow depth.

Table 1
v Aon s 1ou (3)  Cxpaxnna y
»EM/% : 4 A
- A cxs’ “non
. ) ("0 hgyloxrmn gy B | o)
0-8 2,5 2,0 32 ’ 0,8
35-50 65 - 2,8 32 0,43
-8 2,7 2,0 46 0,74 .
30-35 4,0 2,3 81 : 0,58
§0-60 6,8 2,3 61 0,34

Key: 1. V, km/hr; 2, Agurfa x, omj 3. borehole; 4. Aporehole® N3
- 5. H, m; 6. Aborehole? surface
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Winner Well (South Dakota). The level of microseismic background in this
area is very high -~ 26 nm; thexefore the “wind" background is not isolated
on the surface recordings. The decrease in background with depth takes
place on the average from 20 nm at the surface to 16 nm at a depth of

56 meters and 5 nm at a depth of 302 meters,, The mean amplitude of the
signal at a depth of 302 meters was 0.33 of the surface amplitude, and
therefore the signal/background ratio increased by only 1,9 times. The
peak at 0.35 seconds at night (Fig 5, b) is appreciably less than in the
daytime, and this indicates the "cultural" origin of the background.

In the opinion of the author of reference [66], a reduction in background
level with removal from the surface is explained by a decrease in intensity
of both surface waves and volumetric waves. The decrease in amplitudes of
the surface waves in the presence of a low velocity zone takes places
especially rarely. The decrease in the noise with depths, which is
especially fast in the upper part of the section, is also caused by a
decrease in the noise of "wind" origin.

Tokyo Meteorological Institute [78], When studying noise at depths of
10, 20, 50, 100, 150, and 200 meters the following results are obtained,

1. The decrease in noise level is more significant for high fregquencies,
which is obvious from Fig 5, c. The noise amplitude ratios in the well
and at the surface for different frequency intervals are indicated. For
example, for a depth of 50 meters (vertical component) the noise amplitude
ratio in the well and at the surface is about 0.05 in the frequency range
of 6.3-10 hertz.

2. The low-frequency noise amplitudes (less than 0.5 hertz) decrease
weakly with depth.

3. Significant improvement of the signal-noise ratio is achieved at a
depth of 50 meters. In general the optimal depth depends on the geological
structure, andfor each area it must be determined experimentally.

-n

4., The noise connected with a passing series of transport vehicles or
with falling of heavy weights is not sensed by the borehole instrument
even at a depth of 50 meters.

In reference [77] a description is presented of the observations in bore-
holes 64 meters deep (Nokogiriyama) and 380 meters deep (Hongo) performed
to increase the signal/noise ratio when recording microearthquakes in a
frequency range of 5-100 hertz. The noise ratio at the surface to the
noise in the well 64 meters deep is equal to two, and in a well 380 m deep,
10. The signal/noise ratio at a depth of 64 meters is only somewhat
greater than on the surface, and at a depth of 380 meters, three times
greater. The useful signzis are recorded more clearly in the boreholes;
therefore it is expedien’. to observe microearthquakes in the well even if
it 1s not very deep.
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Obgervations in Deep Wells, A detailed analysis of the observation materials
in three deep wells is presented in reference [65],

Grapevine Well (Texas). The Orapevine Well 18 3040 meters deep, it is
cased, and the cement is raised 304 meters from the bottom. The noise
characteristic in the well is shown in Fig 6, a, The curve for the
decrease in noise amplitude depth is constructed with respect to the

50% probability level. The greater part of the noise is in the period
range of 0.3-0.6 seconds. The noise decreases rapidly with depth and
approaches a constant value of 1.5 nm; this is caused, in the opinion of
the author, by the volumetric waves, the noise level from which, in
contrast to the surface waves, does not change with depth.

The Hobart Well (Oklghoma) is about 3000 meters deep, it is cased, and the
cement {8 raised 304 maters from the bottom. With respect to the noise
variation curve with depth (Fig 6, b) it is obvious that to a depth of
2130 meters the law of variation of the noise ampiitude is the same as in
the Grapevine Well, which indicates the same type of wave. Lower down,
the noise level again begins to increase. This depth corresponds to the
low-velocity layer, and the increase in noise level can be connected with
wave guide phenomena.

Orlando Well (Florida). The Orlando Well (Florida) is 2080 meters deep, it
- is cased and cemented 945 meters from the bottom. The surface noise is

- highly unstable as a result of low-frequency interference (0.3-0.5 sec)
connected with the uctivity of man., At depth the long-period noise pre-
dominates (0.8-1.5 seconds). Along the curve (Pig 6, b) the noise varia-
tions with depth constructed by the 50% probability level it is obvious
that the noise decrease corresponds to the damping of primary mode of the
Rayleigh waves. A sharp improvement of the signal/noise ratio for high-
frequency signals s a characteristic feature; the high-frequency noise
almost completely disappears at a depth of 1975 meters.

In the opinion of the author of [65], observations in three wells demon-
strated the following:

1) The noige level decreases with depth; the degree of the decrease depends
on the frequency and the seismogeological characteristic of the section;

2) The amplitudes of the useful signal decrease with depth and reach a
minimum at a depth equal to half the wavelength reflected from the surface;

3) The Rayleigh waves predominate in the noise;

4) The recording divisions in each well are different, and the estimation
of the gain in sensicivity for each of them must be especially determined.
In general, the submersion of the seismographs will permit us to obtain a
signal/noise ratio of the same order as in the "quietest" continental
areas.
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Figure 6. loise in Deep Wells
a -- probability of occurrence of noise and variation of it with
depth in the Grapevine Well (Texas) in the period range of
0.3-1.3 seconds: O =~ gurface, 1 =~ 0.2, 2 =~ 0.5, 3 ~~ 0.6,
4 == 1,3, 5==1,8, 6 == 2,4, 7 =~ 3.0 km, Curve I was
constructed for a predominant period of 0.3 seconds;
b -~ the abgsolute and relative noise amplitudes in the Hobart
Well (Oklahoma) (curve 1) and the Orlando Well (Florida)
(curve 2). The numbers at the dots are the predominant periods.

'..-ﬁ..
L)

Key:
1. X, nm

2. Arelacive

Nature of the Noise. If the laws of variation of the noise level in the
well according to the data of various authors agree among each other, then
the opinions of the authors diverge in the problem of the nature of the
noise. 1In some papers (64, 74, 75] the noise 1is interpreted as a combina-
tion of different modes of the Rayleigh wave, in [69) and other papers the
basic properties of noise are explained from the point of view of the
stationary compression waves. In reference [67] where the results of many
years of studying the noise background in the wells with different geological
structure are summed up, the nature of the seismic noise is explained as a
mixture of volumetric and surface waves. Defined combinations of different
types of waves correspond to different period ranges. Thus, the ratios

of the noise spectra at the surface and at a depth of 5200 meters and also
the theoretical curves of the first three Rayleigh modes and P-waves for
normal angles of incidence for the Fort Stockton Well (Texas) permit the
author to consider that the cause of the noise in the well can be the
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presence of different types of waves in the adjacent period ranges and also
the presence of Love waves., The results obtained in the Pinedale Well
(Wyoming) are explained best of all by a combination of P-waves and the
basic Rayleigh mode.

For the Apache Well (Oklahoma) the experimental amplitude-depth ratios in
the period range of 2.0-0.8 seconds agree well with the theoretical curves
and the P-vaves in the Rayleigh mode. The autocorrelation analysis of the
recordings after digital filtration performed to separate these two cases
demonstrated that the noise is made up of surface waveas. The noise in the
period range of 0.8-0.3 seconds 1s usually connected with respect to itll
nature to the closeness of populated places and their greater “cultural
activity, The noise spectra for the (Grapevine Well located near the large
industrial center of Dallas, Texas, are characterized by a vast decrease in
noise with depth which is determined by the primary Rayleigh mode. At
depths where the amplitude of the primary mode is emall, the amplitude~-
depth ratio can be explained either by a combination of higher modes or by
volumetric waves and interference of two types of waves.

Reference [82] contains a description of the observations in the Grapevine
Well performed simultaneously by four three-component devices located at
depths of 139, 1062, 1951 and 2885 meters, The results obtained confirm the
fact that the seismic noise is made up of a set of Rayleigh wave modes,
but, in additiun, different Love wave modes are also present. The volu-
metric waves were not detected in the aree which 1s connected with the
presence of a high level of "cultural" noise. It is noted that in the
areas where there 1s no high level of "cultural” noise, the volumetric
waves make a significant contribution to the seismic noise.

In addition to the above-noted basic works, others (72, 73, 79] are known
in which studies were made of the seismic noise and its nature. As a
result of analyzing the published papers it is possible to draw the
following conclusions.

The noise level decreases with depths; at great depths the differences in
noise intensity for different areas and variability of noise with time
within the limits of one section are appreciably less than on the day
surface. The degree of decrease in noise with depth for different areas
is different and depends on the frequency and the seismogeological
characteristic of the section. The fastest decrease in noise with depth
18 observed in the areas with a high level of "cultural" noise. For low-
noise areas, the decrease in noise with depth 1s observad only for the
high~frequency components of the spectrum. In the individual sections

of the well against a background of general decrease in noise, local
buildup of the noise can be observed connected with the waveguide phenomena.

The signal level decreases with depth and reaches a minimum at a depth
equal to half the wave length.

1 ("Cultural” is used throughout to refer to noise generated by
especially as in citien.?
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Useful Sensitivity of the Borehole Stations, This index must be specially
estimated. The greatest gain can be obtained in areas with high ground
noise level. In all cases the submersion of the seismograph makes it
possible to obtain a signal/noise ratio of the same order as for ground
observations under the most favorable conditions.

The signal/noise ratio at a depth of 100 meters increases by 3-4 times
for frequencies of 2-10 hertz. The number of isolated earthquakes in the
presence of borehole observations increases by 2,2 times.

The application of complex vertical systems is effective only for areas
with a high level of ground noise and a sharp decrease in them with depth.
Here the signal/noise ratio can reach values of 15-25 decibels.

§2. Laws of Variation of Noise Level with Depth

The observations were performed by the VSP [vertical seismic profiling]
method in wells located in different areas with respect to noise level.

The Tashkent and Alma-Ata Wells are located under conditions of high ground
noise level connected with the vital activity of large industrial centers.
In the Novo-Alekseyevskaya Well the high noise level is connected with a
concentrated source located nearby (the building materials combine) and
the Chilik Well is located under high noise level conditions.

Observations in Large Industrial Centers. Tashkent. This borehole is
designed specially for geophkysical measurements and it was drilled in 1968.
It revealed Quaternary, Neogenic, Paleogenic, Cretaceous and Triassic~-
Jurassic deposits and went into the Paleozoic at a depth of about 2400 m.
The basic observations were performed in June and October of 1970. The
results of the observations of different series agree with each other.

According to the graphs of the varifation of maximum noise amplitudes with
depths (Fig 7, a) 1t is obvious that on the day surface the noise level is
very high and fluctuates at different times of day with brosd limits.
Whereas in the daytime (the dntted curves) Il ....lcx 1000 nm, at night
(the solid curves) it 1s a total of 80 nm.

Hith an i{ncrease in depth, the interference background diminishes. The
sharpest decrease in noise level is observed in the upper part of the
gsection. At a depth of 350-400 meters the noise level already decreases
by approximately 1-1/2 orders. At greater depth the decrease in noise
takes place appreciably more slowly. In the depth range of 400-1000 meters
the interference background diminishes on the average only by 2 times.

In the depth range from 1000 to 1800-1900 meters, a total of two series of
observations were made at different times. The inteiference level
decreases still more slowly here, and at maximum depths at night 1t is
2.5-3.0 and 9-10 nm.
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A stable difference 18 observed in the noise background level at night and
in the daytime. On the day surface the noise background level in the
daytime can be an order higher than at night, With an tincrease in depth
this difference diminishes, and in the depth range of 300-1000 meters the
ratio of the background noise level on the average is two.

The minim.u noise background both on the day surface and at tnternal
points of the medium was observed at night on a holiday, For this series
significantly smaller decrease in noise amplitude with depth 1s character=-
istic than for the other nighttime observation series,

For comparison with the background amplitudes on the surface and in depths
synchronous recordings were made of the borehole and ground seismographs.
The variations in background ratio on the surface and at depth are pre-
sented in Fig 7, b. For the day series the ratio in the upper part of the
section increases sharply at first. Thus, in the depth range of 0-200 m

it varies by more than an order. With a further increase in depth it grows
significantly more slowly, and in the 200-~1000 meter range it triples in
all.

At night the ratio of the noise amplitude in the well and on the surface
in the upper part of the section increases more slowly, and the value of
ten is reached only at a depth of about 400 meters. At greater depths
the "night" and "day" grapha coincide. The Sunday observation series for
which minimum noise amplitude ratios are characteristic constitutes an
exception. At a depth of 1000 meters this ratio is 14, at the same time
as for the remaining series ft is 50,

A comparison of the graphs constructed with respect to the maximum ampli-
tude level and with respect to the aveiage maximum amplitudes indicates
that the average values are smaller than the maximum values for approx-
imately 20-30%.

The predominant interference wave perfods on the day surface amount to
about 0.2 seconds. At the internal points of the medium already beginning
at 50 meters, the periods are equal to 0.3 seconds, and they vary very
slowly with depth. At night the predominant noise period is somewhat
greater than in the daytime.

) Alma-Ata. A well 2000 meters deep was drilled in the terrigenic coarsely
clastic depcsits for which continuous increase in velocity with depth 1s
characteristic. In the upper part this growth takes place more sharply,
and with depth, the velocity buildup gradient decreases. The curves for
the amplitude variation in the depth range of 0~950 meters for three day~-
time observation series and four nighttime series (Fig 8, a) indicate
that the observations of the different series agree well with each other,
grouping quite narrow bands into two: day and night. The interference
background in the daytime and at night differs on the average by two times,
and the nature of the amplitude decrease with depth is approximately the
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same. In the upper part of the section (50-250 meters) a sharp decrease
in noise with depth 1s obmerved: the noise amplitude decreases at night
in practice by an order (from 270 to 25 nm), and in the daytime by a
halforder (from 220 to 40 nm), In the depth range of 250-950 meters the
noise amplitude decreases a total of 3-3,5 times (from 40 to 13 nm in the
daytime and from 25 to 7 nm at night),

The statistical processing of the 10=-second noige recording interval of
the daytime series made it possible to comstruct the probability curves
for the occurrence of noisa of given or lower amplitude (Fig 8, b). By
the curves it is obvious that, for example, at a depth of 150 meters the
probability of occurrence of noise with an amplitude of 40 nm and less
is 60%. At a depth of 850 meters it is possible to expect a shift of

8 nm or less with the same probability of 60%. For the same dapth the
probability that the background amplitude will not exceed 17~18 nm will
be equal to 100%.

For comparison, in the same figure the data are part of the curve obtained
in the Grapevine Well (Texas, USA) in which a very large volume of work
was done to study noise. Comparison shows that on the surface the noise
level in Alma-Ata is essentially higher than in the Grapevine Well. Thus,
whereas the probability of the occurrence of noise with an amplitude of
100 nm sr less in Alma<Ata at a depth of 50 meters is 15%, on the surface
of che Grapevine Well it is more than 90%. At the same time at a depth

of 650 meters the probability curves differ in practice little. The
difference in interference levels obviously 1s explained by the fact that
the Grapevine Well, in contrast to the Alma-Ata Well, 1s a distance of
about 50 km from a large city (Dallas). The curve for the noise amplitude
as a function of depth for the day series of observations in the Grapevine
Well constructed with respect to the 50 probability level (the heavy

line with circles in Fig 8, a) lies in the region of the "night series"

of observations in the Alma-Ata Well.

From the graphs of the noise spectra at different depths (Fig 8, c) 1t is
obvious that maximum noise amplitude both at the day surface and at
greater depths correspond to the long-period components of the spectrum.
In the frequency band from 0.2 to 0.8 hertz the nature of the decrease

in noise with an increase in frequency at the day surface and at depth 1s
identical. At a frequency of 0.8 hertz the noise level at the day surface
will be 0.08 nm. The noise level at a depth of 550 meters in this frequency
range {s approximately an order lower than on the day surface. Beginning
with 1 and up to 4 hertz, the nature of the decrease in noise varies
sharply. At the day surface against a background of sharp peaks, some
increase in noise level is obsaerved at the same time as at a depth of
H=550 meters the noise level decreases, but this decrease takes place
appreciably more slowly than in the low-frequency range. In the 5-7 hertz
band, the noise amplitude at a depth of 550 meters is 40 times less than
at the day surface. For the entire investigated frequency range the ratio
of the spectra at a depth of H=950 meters and at the surface (Fig 8, c¢)
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is less than one. 'The ratio becomes minimal in the 1,7-2.7 hertz band.
The nature of the decrease in noise on frequencies in the range of

0.2 to 1.0 hertz permits the consideration that the basic modes of the
Rayleigh waves predominate here., 1In the higher frequency band the noise
can be represented by a combination of basic, first and sometimes second
Rayleigh modes and the volumetric waves, Inasmuch as the well is
located directly on the edge of such a large industrial city as Alma-Ata,
the noise can be explained primarily by the "cultural" activity of the
city.

Observations in Areas with Low Level Noise at Depths of 300 and 600 Meters.
The observations in wells several hundreds of meters deep are of great
interest. This is explained by the fact that the wells are also compara-
tively cheaper and can be drilled by portable drilling rigs. In addition,
from the technical point of view the observations at these depths are
appreciably easier and equipment is appreciably simpler. At the same time,
as was demonstrated, the sharpest decrease in background occurs in the
upper part of the section.

The possibilitias of the observations are estimated by the materials
obtained in the Chilik borehole. In contrast to the Tashkent and the
Alma-Ata Wells, the Chilik Well is located at a significant distance from
the large cities which causes appreciably smaller background of the above-
ground interference and permits synchronous observations on the day surface
and in the well.

The Chilik Well, the depth of which is 600 meters, is located on the edge
of the rayon center of Alma-Ata Oblast with the same name approximately

100 km east of Alma-Ata. In geological respects this area differs from the
previously investigated ones by less thickness of the sedimentary deposits
which reach a total of 1350 meters here and are represented, just as in
Alma-Ata, by terrigenic coarsely clastic rock. The vertical seismic pro-
filing by individual series in the day and night with a step of 50 meters
over the entire depth interval made it possible to obtain the curves for
the variation of the noise amplitudes for two night and two day series

(see Fig B, a). 1In the daytime the noise level quickly decreases with
depth, and at 100 meters it is an order lower than on the surface, and at
300 meters, 20 times lower. In the range from 300 to 600 meters the noise
amplitudes are cut approximately in half. At night the noise background on
the day surface is essentially lower than in the daytime, and it decrcases
with depth more slowly than in the daytime. Thus, at a depth of 300 meters
the noise background 1s 3 to 4 times less than on the day surface.

The predominant noise frequency on the recordings obtained on the surface
18 about 3 hertz; at a depth of 600 meters it decreases to 2.5 hertz.

The spectral analysis shows (Fig 8, c) that the nature of the spectral curves
for the Chilik Well 1s analogous to the same curves for the Alma-Ata Wéll.
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Figure 8. Noise background at night (solid 1ine) and in the
daytime (dotted 1ine) in the wells of Alma-Ata
and Chilik
4 -- noise amplitude as a function of depth for the Alma-Ata and
Chilik Wells; b == probability curves of the occurrence of noise
of the given or lower amplitude at depths of 1 ~- 850 meters,
2 -~ 750 meters, 3 -~ 650 meters, 4 -- 500 meters, 5 ~-- 450 m,
6 ~- 300 meters, 7 -~ 150 meters and 8 -~ 50 meters in the
Alma-Ata Well. The dotted curves are the data on the Grapevine
Well (Texas) for a depth of 650 meters (the circle) and the
surface (crosses);

Alma-Ata
Chilik
X, nm
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Figure 8 (continued)
¢ -- ppectra and spectral ratio at depths of 1 ~ 50, 2 -~ 550,
3 == 950 meters for the Alma-Ata Well and 4 -- surface,
5, 6 ~~ 600 meters for the Chilik Well,
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The maximum noise amplitudes are observed in the low=frequency part of
the spectrum, and the differences in lavels on the surface and at depth
are minimal here. With an increase in frequency by approximately up to

1l hertz the noise level decreases sharply, At frequencies of more than

1 herctz, the decrease becomes less sharp, On the day surface the noise
level decreases very little with frequency, and a relative maximum of

the noise is observed at a frequency of 2,5-3 hertz., At a depth of 600 m
the noise level reaches values of 4=6 nm on a frequency of 6-7 hertz.

For the Chilik Well, the minimum ratio of the spectra at a depth of 600 m
and on the surface is 0.02 on frequencies of 3.5-4.5 hertz (Fig 8, c).

Laws of Variation of Noise Background in Three Wells. For the day series,
the background level in the Chilik Well is approximately half the back-
ground level in the Alma-Ata Well and four times lesa than the background
level in the Tashkent Well. Let us remember that the general background
level in the Tashkent Well is greater than in the Alma-Ata Well by
approximately two times [2]. At a depth of 900 meters, the noise amplitude
in the Alma-Ata Well 1s 12-13 nm 4in the daytime and it 1s close with respect
to value to the noise level in the Tashkent Well at night. The different
noise levels in the wells can be explained by the fact that the Tashkent
Well 1s in the center of the city, near large industrial enterprises and
other sources of noise, and the Alma-Ata Well is on the edge of the city
and is comparatively remote from the basic explicit sources of interference.
At a depth of 600 meters in the daytime the noise amplitudes in the three
wells reach 10 (Chilik), 20 (Alma=-Ata) and 40 nm (Tashkent).

The nature of variation of the background in the Chilik Well for the day
series coincides with the variation of the day background in the other
two wells.

At night the decrease in background in the Chilik Well is appreciably
weaker than in the Alma-Ata and the Tashkent Wells, Whereas for the last
two wells the ratio of the background on the surface to the background at
a depth of 600 meters is 30-40, for Chilik it is 4 to 6.

Some increase in amplitude of the background on the surface in the frequency
band from 2 to 4 hertz is observed for the Alma-Ata Well. It is possible

to think that this increase 1s connected with the "cultural" activity.

The nature of the peak in the spectrum of the surface noise in Chilik at

3.7 hertz 1s still unclear. Possibly, it is ciused by a local source

which has its effect only when recording on the surface.

§3. Background Stability at Different Depths

The noise stability has important significance in estimating the sensitivity.
The noise stability has been specially investigated. Stationary and semi-
stationary observations have been set up in two wells -- Alma-Ata which

is characterized by a high level of ground noise, and Chilik, where the
ground noise level is low.

. 32
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5

FOR OFFICIAL USE ONLY

Observations in an Area with High Ground Noise Level, The noise background
in the presence of atationary observations in the Alma=Ata Well was
invaatigated at depths of 1950, 950, 700, 500 and 300 meters.

Noise Level at a Depth of 1950 meters, Stationary observations at a depth
of 1950 meters were performed in the first phase of the operation, and they
were recorded by the seismograph without a borehole preamplifier. Under
these conditions the basic source of the noise limiting the useful sensitiv~
ity of the equipment was electrical interference., The microseismic oscilla-
tions caused by storms on Lake Issyk-Kul' constitute an exception.

Electrical interference is unstable with respect to incensity and frequency,
and it varies both during the course of the day and on different days and
in different montha. Frequently this type of interference is associated
with one time of day. Among the electrical interference it is possible to
isolate several types which are noted during various time periods. If we
do not corsider the individual pulses, then the low frequency intense
irregular oscillations with a frequency of 0.4-0.8 hertz were observed for
the longest time. For noise of this type a strict time coordination is
characteristic. This type of noise appears in the evening from 2100 hours
to 0200 hours local time. Sometimes comparatively high frequency (2-4
hertz) oscillations are racorded which form long arcs on the seismographs.
Observation experience has demonstrated that the basic electrical inter-
ference is connected with leaks, Usually after starting the seismograph
for the first time the interference level is comparatively low. However,
later leaks appear in the lines and the intensity of the inductions
increases significantly. The following law has been noted. In the day-
time there is basically comparatively weak and high-frequency noise. In
the evening and at the beginning of night, the long-period noise predom-
inates. At night, as a rule, the noise stops, and this time is character-
ized by a comparatively quiet background.

Seismic interference has been investigated only in the periods when the
electrical interference level was comparatively low, which has made it
possible to raise the gain of the channel. However, it has not been possi-
ble to determine the quantitative amplitude of the seismic interference.
With respect to nature of variation of the amplitude with depth which is
typical of the majority of wells (including in Tashkent), it is possible

to consider that the amplitudes of the background are included in the

range of values from 2 to 5 nm. Even at depths of about 2000 meters the
"cultural” noise is felt. In the daytime the interference background
usually 1is one or two times higher than at night. This increase in ampli-
tude of the day background is characteristic approximately for 65-70% of the
total observation time with the exception of the night hours and holidays
when the industry of the city is not operating and the noise level is the
same in the daytime and at night,

33
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5

FOR OFFICIAL USE ONLY

Out of the seismic interference during observations at a depth of 1950 m,
- the most Intense is the interference caused by storms on Lake Issyk~Kul',
but the level of this interference 1s appreciably lower than on the day
surface. Frequently even intense storm microseisms recorded at the
Talgar station by the KSE channels (Tg=1 hertz) and the SKM channels
(Tg=0.6 hertz) with a recording amplitude of 5-10 nm have not been noted
in the well or at all, or were very weak although the useful signals (the
earthquake recordings) in this case were commensurate with respect to
intensity (Fig 9, a). 1In these cases the signal/noise ratio in the well
turns out tu be almost an order higher than at the Talgar station. This
difference in interference amplitude is explained not only by the depth
of the observation point but obviously by the fact that at the Talgar
station the frequency characteristics of the KSE channel and, especially,
the SKM channel, are somewhat shifted in the low=frequency direction
(Fig 9, ¢). The storms are observed on Lake Issyk~Kul' most frequently in
the winter when therecan be 15 to 16 stormy days per month.

Noise Level at a Depth of 950 Meters. At a depth of 950 meters the
stationary observations are performed with a well type preamplifier placed
directly in the seismograph. This has made it possible significantly to
reduce the noise background of electrical origin. The electric interference
remains only in the form of individual, comparatively rare pulses. As a
result, the useful sensitivity is limited only to the seismic interference,
the amplitudes of which amount to from 4 to 15 nm, However, for the greater
part of the recording time (75-80%) the values of the amplitudes are 7-14 nm.
These data agree with the results of studying the interference background

by the method of vertical profiling. At a depth of 950 meters the effect of
the vital activity of the city 1s felt to a higher degree than at a depth

of 1950 meters -- in the daytime the noise background increases by
approximately 2-2.5 times by comparison with night, reaching values of

12-15 nm.

Noise Level at Depths of 700, 500, and 300 Meters, The increase in noise
amplitude with a decrease in depth in this interval is comparatively small,
The values of the minimum and maximum background amplitudes of depths of

700, 500 and 300 meters amount to 5-20, 6~30 and 7-50 nm respectively, but in
the greater part of the recording time these intervals are appreciably less
broad.

The changes in the noise with depth in the range of 950-300 meters were

R estimated by the variation in amplitude of the storm microseisms of
Issyk-Kul', For this purpose, the amplitude ratio of the microseisms was
determined at each depth on the SKM channel located in a drift and acting
both as the standard and as the well channel. The magnitude of this ratio
varies within the limits of 3 to 5, that is, no clear dependence of the
ratio on depth was observed in a range of 950~300 meters. An example of
recording the storm microseisms in the well at a depth of 700 meters and
on the SKM channel in the drift is presented in Fig 9, b. On the SKM

- channel the useful signal cannot be isolated against the noise background
in general. A comparison of the recordings of the storm microseisms at
depths of 700 and 1950 m indicates that their level has increased significantly
at 700 meters.
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Figure 9, Recordings of storm microseisms and distant earth-
quakes at the Talgar station (SKM channel, upper
recordings) and in the Alma-Ata borehole at depths
of 1950 meters (a) and 700 meters (b);

c -~ frequency characteristics of the equipment:

1 -~ well channel, 1969 (H=1950 m), 2-~ the same,

1971 (H=960 m), 3 -~ KSE channel of the Talgar station,
1969, 4 -~ the same, 1971, 5 -~ SKM channel of the
Talgar station

Key: 1. Vyem; 2. f, hertz; 3. 10 seconds; 4. 12 June 1969; 5. 0448 hours;
6. 0512 hours
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- Observations in an Area with low Ground Noise Level. The low noima level
in the vicinity of Chilik has made it possible to perform synchronous
observations using identical equipment in the well at depths of 600 and
300 meters and on the surface. Unfortunately, the results of studying the
noise in time do not claim to high accuracy, This 1s explained by the
fact that the recording of low amplitudes depends strongly on the clamping
of the pen., Observation experience indicates that quantitative processing
is meaningful for amplitudes exceeding 2,.5-3 mm, and the estimates obtained
for the variation of the noise level are, in our opinion, of defined
interest.

Depth of 300 Meters. The total recording time at a depth of 300 meters
was 50 days. During this time the noise level varied with respect to
amplitude from 6 to 50 nm. The noise amplitude distribution with respect
to the recording time 1s {llustrated below:

A, nm 4.0 8.3 12.5 17.0 33.0
t, 2 1.0 40.4 5.5 52.7 0.5

Thus, during 987 of the total recording time the noise level at a depth
of 300 meters was included in the range of amplitudes from 8 to 17 nm,
and it varied by no more than 2 times.

Depth 600 Meters. When making the transition from a depth of 300 to 600 m
the noise amplitudes decrease by approximately 2 times. The amplitudes

and the range of their variations (see Fig 8, a) agree qualitatively with
the vertical profiling data. At both depths (300 and 600 m) a stable
difference in noise level is obgserved between night and day. At night time
(from 2100 hours-to 0600 hours local time) the noise level decreases by
almost 2 times, which confirms the "cultural" nature of the noise. On
holidays (Saturday and Sunday) the noise level in the Chilik Well, 4in
contrast to Tashkent and Alma-Ata, does not decrease, which is obviously
connected with the absence of industrial enterprises in the vicinity which
are the basic sources of interference.

The noise level on the day surface varies with time within significantly
greater limits than in the well -~ from 15 to 500 nm, that is, by more

than 30 times. Since the observations were performed during the quietest
summer months, it 18 possible to consider that this range will increase
significantly in the fall and winter as a result of wind interference which
s not recorded in general at a depth of 300 and 600 meters.

For {llustration of the variation of the noise level from the day surface
and in the well let us present several seismograms. With equal chynnel
gains (k=2) the ground noise level is appreciably greater than at a depth
of 300 meters, but on increasing the ground channel, it is half that in
the well (k=1), the noise amplitudes are comparable (Fig 10, a, see the
insert). At a depth of 600 meters (Fig 10, b) for k=2 the noise level is
comparable to the ground channel -- the upper part of the seismogram --
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Figure 10. [see preceding page] Noise background on the day surface
and in the Chilik Well at depthas of 300 (a) and 600 meters (b).

Key:
1. 4 August 1971
2, 0500 hours and 18 seconds
3. 2317 hours and 7 seconds
4, 27 July 1971
5. 2007 hours and 56 seconds

PSRt
. 29.2.691.(1) -

4-uJ;n--.-il.-l---l..al--n-ﬁl-
e )
_ .‘ . ‘ L

™ @)
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Figure 11, Recordings of earthquakes by the ground station
(1) and deep-well station at a depth of 1950 meters
(2) 1in the city of Alma-Ata and the KSE channel (3)
of the Talgar station. The arrows indicate the
arrival of the P and S waves.
Key:
1. 15 February 1969; 2. 1357 hours; 3. 23 July 1968; 4. 2012 hours
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Figure 12. Amplitudes and periods of near (a, b) and distant
(c) earthquakes by the deep station (1950 meters)

and the Talgar station (KSE channel, drife,
June-July 1969)

Histograms of the values of Tp and Tg in the well and the drift

are also presented. The figures at the points on the graphs are
the number of coinciding values.
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but then the nolse level on the surface is sharply amplified, and the
signal (2317 hours) on the ground seismogram became typical. At the same
time, at a depth of 600 meters no increase in noise occurred, and the
signals were reliably separated during the entire recording time.

Thus, for observations in wells not only does the noise lavel decrease,
but its atability in:reases sharply,

84, Useful Signal and Sensitivity of Well Observations

The study of the useful signal in the wells was made in areas with high
ground noise level (Alma-Ata) and low ground noise level (Chilik), 1In
order to estimate the gain in sensitivity the observation materials in the
Alma-Ata Well were compared with the recordings of the two ground stations,
one of which (Alma-Ata) was located within the city with high ground noise
level, and the other (Talgar), under favorable seismogeological conditions
with low noise level. The seismometers of the second station were placed
in a deep drift [mine tunnel].

Observations under High Ground Noise Level Conditions, Stationary observa=-
tions in the Alma-Ata Well were performed at different fixed depths,

Depth 1950 Meters. A comparison of the observation materials of the well
station with the ground station in Alma-Ata demonstrated that the sensitiv-
ity of the latter 1s 20 to 40 times lower. The recordings of these stations
are in practice incomparable. Earthquakes (distant or near) which are
isolated on the seismograms of the deep-well station either are not

recorded dt all by the ground station equipped with standard equipment or
they have a very low amplitude (Fig 11, see the ingsert).

It 18 expedient to carry out the comparison with the Talgar ground station
separately by the recordings of distant (ts_P>1 minute) and near (tg.p<1 min)

earthquakes including local earthquakes (tg.p<10 seconds). As a result of

comparing the periods and the amplitudes of 130 earthquakes (Fig 12) it is
possible to formulate the following conclusions.

For near earthquakes the predominant periods of the P~waves in the well
are 0.3-0.5 seconds; on the KSE channel of the Talgar station they are
0.5-0.7 seconds. The periods of the S-waves are 0.3-0.5 and U.6-0.9 gec
respectively. The predominant values -of the ratio of the periods in the
drift and in the well Tyrq¢p/Tye1) for the P and S waves are included
within the limits of 1 to 3. The difference in periods of the S-waves is
somewhat greater than for the P~waves which is manifested especially
clearly on recordings of local earthquakes,

The amplitudes of the recordings of the KSE channel nnd the well recording
in general are similar; out of all of the investigated earthquakes in 80%
of the cases the values of the ratios Adrift/Awell for the P and S waves
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are included within the limits of 0.5-~2.0, that is, the amplitudes differ
by no more than 2 times (Fig 12, b). The local earthquakes are almost
always more intense on the deep-well seismograms than on the KSE channel,
and especially the SKM channel. Some of the local earthquakes have not
been recorded in general by the Talgar station or they are hardly isolated
although the recordings of the more remote earthquakes are commensurate

or more intense on the KSE channel (Fig 13, a, earthquakes 0118 hours).

The difference in amplitudes of the S waves on the recordings of the KSE
channels and the deep~well channel are more significant than for the
P-waves, for for S-waves the difference in periods is preater. The ratio
AS/AP for the Talgar station and the deep-well station can be different,

Cases have been obgserved where the ratio As/AP in the well is greater than
in the drift and vice versa., This is explained by the fact that in addition
to the difference in frequencies of the waves recorded in the well and on
the surface (in the drift), the difference in directions of approach of
these waves also influence the magnitude of the ratio. For observations

in a borehole, the low-speed sedimentary rock determines the direction of
approach of the waves close to vertical. Therefore the ratio Ag/Ap in

the well can be less than in the drift where there are no such rocks. On
the other hand, the thick series of sediments in the well under the
instrument which reaches 2200 meters on submerging the instrument to

2000 meters causes a stronger absorption of the high frequencies in the
longitudinal wave spectrum of local earthquakes than in the drift, and it
has less effect on the absorption of the lower frequency S waves as a
result of which the ASIAP ratio can be larger in the well than in the drift.

Depending on which of the factors predominates, one ratio or another occurs,

A comparison of the recordings of the channels of the deep-well and the

SKM stations of Talgar indicates that the predominant periods of the P-waves
of near earthquakes diverge significantly on both channels and amount to
0.3-0.5 seconds. The amplitude of the near earthquakes on the well
channel usually 18 2-4 times greater than on the SKM channel (Fig 13, b).

For distant earthquakes, the predominant neriods of the P-waves on the
recordings of the well channel are 0.5-0.6 seconds; on the KSE channel,
0.7-1.0 seconds, the oscillation amplitudes in this case on both channels
are either close to or greater than on the KSE channel (see Pig 12, c).
There are, however, recordings that are more intense on the well channel
(Fip 13, ¢). The clear dependence of the amplitude ratio Adrifé’“hell on
the period is detected: beginning with T=0,8 seconds this ratio becomes
greater than one and with an increase in T, it increases (Fig 12, b),

which is caused basically by the difference of the frequency characteristics
of the channels and periods greater than 0.8 seconds,
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Figure 13. Recordings of local (a), near (b), and distant (c)
earthquakes by a well station at a depth of
1950 meters (1) and by the KSE channel (2) and
SKM channel (3) of the Talgar station.

The arrows indicate the arrivalg of P and S waves.
Key:

1. seconds

The predominant periods of the P-waves on the recordings of the SKM
channel are 0.8-1.0 sec, and although on these frequencies the gain of
the SKM channel 18 1.5-2 times greater than the gain of the well channel,
the recording amplitudes on the two channels are approximately identical,
and sometimes they are even more intense in the well.
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Figure 14 [aee preceding page]. Recordings of local (a), near (b) and
distant (c) earthquakes by the well channel at a depth of 960 meters

(1) and the KSE channel ¢2) and SKM channel (3) of the Talgar station.
Key!
1. seconds
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Figure 14 (Continued)
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In the case of stationary ohservations in a well, in addition to the
earthquakes, explosions were also recorded (A=50~100 km), the recordings
of which differ from the recordings of the ground stations at Talgar and
Alma=Ata by the absence of intense surface waves.

Depth 960 Meters. The useful sensitivity of the deeprwell station, just
as in the case of a depth of 1950 meters 1s in practice incomparable with
the sensitivity of the ground station at Alma-Ata,

A comparison of the deep-well station was made with the Talgar station
basically with respect to the SKM channel, the frequency characteristic
of which was the closest to the well channel (see Fig 9, ¢). For thia
purpose an analysis was made of more than 130 recordings of earthquakes
obtained in July 1971. For the near earthquakes, the predominant periods
of the [letter missing] waves in the well are 0.8-1.0 seconds, and in the
SKV channel, 0.3~0.5 seconds, that is, almost 2 times less.

The amplitudes of the recordings of the well channel are similar or
exceed by 1,5~2 times the amplitudes of the recordings of the SKM channel;
on the given KSE channel the amplitudes are usually larger (see Fig 14, a,b).

For the distant earthquakes, the predominance of periods of the P-waves on
the two channels are approximately identical and amount to 0.8-1.0 seconds.
Since the recordings of remote earthquakes are lower frequency, the effect
of the sedimentary series is less felt in this spectrum.

The amplitudes of the recordings of the distant earthquakes and the well

and the SKM channels are commensurate (Fig 14, ¢). With an increase in the

period, the amplitudes on the SKM channel predominate, for a difference

is felt in the frequency characteristics of the compared channels. On the
- KSE channel which is 1.5-2.0 times more sensitive than the SKM channel,

the recordings of the distant earthquakes are, as a rule, more intense.

Depth Interval of 960-300 Meters. In order to estimate the useful sensi-
tivity in this interval let us consider the recordings of aftershocks of
near earthquakes obtained in the well at different depths (Fig 15, b).

The recordings which are similar with respect to shape were compared, and
the SKM channel recordings were used as the source control (Fig 15, a).

The growth of the noise background as the depth decreases can easily be
scen in the figure (all of the recordings were obtained in the daytime).
At a depth of 300 meters the increase in the well channel has diminished
by 2 times by comparison with the remaining depths.

The variation of the useful sensitivity of the recording with depth was
estimated by the recordings of aftershocks and earthquakes with tg_p=32 sec.
A study was made of the distribution of the ratio Ay.yj/Agiy (Fig 15, ¢)
with respect to depth by the recordings of the aftershocks of near
earthquakes.,
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Figure 15. Recordings of aftershocks by SKM channel (a) and
well channels at different depths (b) and with the
graphs of Ayqayq/Agpy (c)
Key:
L. Aye11/Asky

The results obtained indicate that on submerging the seismometer from
300 to 960 meters, the signal/noise ratio increases by 5-6 times,

Comparison of Recordings in a Well at Depths of 1 and 2 km. From investi-
gation of the histograms (Fig 16) obtained by the results of processing
the recordings of distant and nesr earthquakes at depths of 960 and 1950 m,
it follows that with a decrease in depth from 2 to 1 km:

1) The recording periods of the distant earthquakes increase from 0.5-0.7
to 0.8-1.0 seconds (Fig 16, I). In the SKM channel the periods of the
#> recordings are identical in this case both for 1969 and 1971, and they
Jamount to 0.8-1.0 seconds (Fig 16, II);

2) The periods of the recordings of the near earthquakes increase still
more (by twice as much) from 0.3-0.5 to 0.8-~1.0 seconds (Fig 16, III). 1In
the SKM channel, the same periods predominate -- 0.3-0.5 seconds (Fig 16, IV);

3) The amplitude ratio Awel /ASKM of the distant earthquakes decreases:
at a depth of 2 km the recoréing amplitudes on the well channel and the
SKM channel as a whole are commensurate, and at a depth of 1 km they are
either similar or on the SKM channel 1.5-2.0 times more intense (Fig 16, V);

4) The amplitude ratio AwelllASKM of close earthquakes also decreases, but
it does not disappear (Fig 16, VI),

On the whole the recordings of the near earthquakes at depths of 1950 and

960 meters and in a drift either are close or on the average 2 times more
intense in the well.
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Figure 16. Histograms of the values of periods and the amplitude
ratios A,.1q/Agiy for longitudinal waves by the
recordings of distant (I, II, V) and near (III, 1v, vI)
earthquakes. 1, 2 -- in a well at depths of
960 meters, 1971, and 1950 meters, 1969, correspondingly,
3 == Aye11/Agsps 19695 4,5 -- by the recordings of the

SKM channel in July 1971 and in June-July 1969,
respectively
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Thus, making the transition from a depth of 1950 meters to 960 meters, the
increase fn thickness of the sedimentary rock under the well tool leads to
significant reduction of the frequencies in the investigated oscillations
and some decrease in sensitivity of the equipment.

Observations under the Conditions of Low-Level Ground Noise in Small Groups.
In order to estimate the sensitivity of the equipment at depths of 300 and
600 meters, let us compare the distant and near, including local earthquakes
recorded during synchronous observations using identical equipment on the
day surface at the mouth of the well and in the well itself.
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Figure 17. Recordings of distant (a), near (b) and local (c)
earthquakes by the ground channel (upper) and the
well channel at a depth of 300 meters (lower trace)
at vaiues of k=1 and 2 in the Chilik Well.

Key:
1. seconds
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_ Figure 18, Recordings of distant (a), near (b) and local (c)
earthquakes by a ground channel (upper) and a well
channel at a depth of 600 meters (lower trace) by
channels with values of k=4, 2 and 1 in the Chilik Well.

- The gain in sensitivity is determined primarily by the signal/noise ratio.
The greater the difference in amplificationV the noise level on the surface
and in the well makes it possible to realize, the greater the gain in sen-
sitivity at depth by comparison with the day surface.

Depth 300 Meters. For observations at a depth of 300 meters it turned out
to be possible to make a recording for km4-10, k=2-68 and k=1~22% of the

total recording time (k'vwelllvaurfnce)' The basic conclusions obtained

as a result of comparing the ground and well seismograms are the following.

For distant earthquakes at k=4 the recording amplitudes in the well are
twice as great as on the surface. However, too few such recordings were
obtained in order to make a reliable estimate of the gain in the useful
sensitivity.

For k=2, which is predominant with respect to rer rding time at a depth of

300 meters, the intensity of the recordings of (:.2 distant earthquakes in

the well usually is 1.5-2 times higher than on the surface, and more rarely

it coincides. For k=1 the amplitudes of the well and ground recordings are
commensurate or the ground recordings are 1.5-2 times greater (see Fig 17, a),

For near earthquakes, the material obtained will make it possible to estimate
the useful sensitivity at a depth of 300 meters only for k=2 and 1, However,
on individual available recordings when k=4 it is obvious that when the
signal at the surface is comparable with the background and it is separated
with difficulty, at a depth of 300 meters the signal amplitudes exceed the
background by approximately 5 times.
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In the case where k=2 the recordings of near earthquakes on the surface
and in the well either are comparable with respect to intensity or they
are 1,5-2 times more intense in the vell, For k=1, the ground recordings
usually are 1.5-2 times more intense than in the well (Fig 17, b),

Table 2
anerproanm  (2)
DySuona, M A .
$9) (afA70 frgfomme | “wecrune (5)
800 4 . 2 5 -
2 1-18 1-2 18«2
- 1 0,8 . 08 1
600 4 2 2.4, .
2 1 - 1.8 1.&2.8 2
1 1 1 -
Key:
1. depth, meters 4, near
2. earthquake 5. local
3. distant
Table 3
3oMNoTPECO-
me (1) rO'~‘- Ts00
iz Ranexne 06~10 08~ 1,0
3; Baxaxne 05-07 06-0,7
(4) Mecrue 0,8 = 0,7 0,2 - 0,3
Key:
1. earthquake 3. near
2. distant 4. 1local
Table 4
(1] T Te00
(1) .
8; DNanexne 06~10 05.086
Bamxxe 05-07 04-05
(4) Mecrue 05-07 04-08
Key:
1. earthquake 3. near
2. distant 4. 1local
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When recording local earthquakes, the gain in genaitivity in the well
turnp out to hue greater than for the dfatant and near oncs, For ke2 the
recordings at a depth of 300 meters are always on the average 1.5-2 times
more intense than on the surface (Fig 17, ¢), and with an tdentical
channel amplification, the recording amplitudes are usually close.

Depths 600 Meters. At a depth of 600 meters, the noise level is half that
at a depth of 300 meters, which has made it possible to make a recording
for ke4 during 35% of the entire recording time, for kw2, for 45% of the
time, and k=4, 20% of the time,

The distant earthquakes at k=4 on the recordings in the well are on the
average 1.5-2 times more intense than on the surface. For k=2 the
recordings in the well are either close with respect to intensity to the
recordings on the surface or they are 1 to 1-1/2 times more intense. For
k=1 (few such recordings were obtained at a depth of 600 meters) the
recordings on the surface and in the well are usually equivalent (Fig 18, a).

For k=4 the near earthquakes are recorded in the well 2-4 times more
intensely than on the surface; for k=2, 1,5-2 times, For k=l the record-
ings are close or approximately 1,5 times more intense than on the surface
(Fig 18, b).

The majority of the recordings of local earthquakes at a depthk of 600 m
were obtained for k=2. The gain in sensitivity in this case 1s the same

as for near earthquakes, and it 18 on the average 2 times (see, for example,
Fig 18, c).

Th2 ratios of the amplitudes of the earthquakes recorded by surface and
deep well seismometers Awell’“surface at different depths are presented in
Table 2.

Form of the Recording and Structure of the Seismograms. In addition to
estimating the useful sensitivity, the synchronous observations by identical
equipment in the well and on the surface make 1t possible to compare the
form of the recording of the individual waves and the structure of the
seismograms. In this respect the observations in the Chilik Well differ
advantageously from the observations in Alma-Ata, where, as a result of the
very high ground noise background the recording on the day surface is
impossible.

A comparison of the form of the earthquake recordings leads to the follow-
ing conclusions,

The recordings of all of the earthquakes -- distant, near and local -~
usually are more high frequency at a depth of 300 meters than on the
surface. The difference in frequency composition is more noticeable for
the high-frequency earthquakes, it is smaller for the near ones and still
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less for the distant ones, the periods of which at H=0 and 300 meters are
close. The predominant values of the periods (in seconda) of the longie
tudinal waves on the surface and in the well for equally removed earth-
Quakes are presented in Table 3.

The low-frequency signals at a depth of 300 meters are frequently mere
intense than on the surface for commensurate high-frequency aignals.

The shape of the low-frequency signals on the surface and at a depth of

300 meters in practice is identical at the same time as the shape of the
high-frequency recordings in the well usually is more complex and less
regular. Here the basic factor influencing the form of the recording of
the individual wave is the superposition of the wave pulse reflected from
the day surface on the incident wave pulse. The form of the recording of
each individual wave in the well is determined by the conditions of inter-
ference of these waves which, in turn, depends on the depth of the observa~
tion point, wave length and velocity section,

Fig 19, a shows the results of calculating the shape of the pulse in the
well for two of the simplest pulses taken from the seismogram. The pulses
were calculated considering the velocity characteristic of the section with
respect to the Chilik Well. The periods of the initial pulses varied
within the range of 0.1 to 1.6 seconds, which covers the range of variation
of the periods of the recorded signals. It is obvious that in the upper part
of the section there 1s superposition of the pulses, and the pulses are
separated only from some depth, This depth 18 inversely proportional to
the frequency. Thus, whereas for a period of T=0.1 seconds the waves are
separated at a depth of 300 meters, for T=1.6 seconds this depth 1s 1500 m.
The shape of the high-frequency signals with a period of 0.2 seconds at a
depth of 300 meters 1s complex. Additional extrema appear at the same time
as for the lower frequency pulses (T=0.4 to 1.6 seconds) only the amplitude
ratio of the first extrema varies. In Fig 19, a the last tw> examples
correspond to superposition of several more complex pulses.

At a depth of 600 meters the recordings are still more high frequency by
comparison with the surface than at a depth of 300 meters, which 1is
connected with an increase in thickness of the sediment over the seismometer
(Fig 19, b, ¢). The values of the predominant periods (in seconds) of the
P-waves on the surface and at a depth of 600 meters are presented in

Table 4.

For the low-frequency recording the difference in shape decreases, which
also agrees well with the calculation data. The dependence of the ratio
Aﬁnole on the frequency 1s expressed not so clearly as at a depth of

300 meters.
Thus, for close and local earthquakes at a depth of 600 meters the gain in

sensitivity 1s 1.5-2.0 times greater than at a depth of 300 meters. For
the recordings of the distant earthquakes this gain 1s identical at both depths.
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Figure 19. Theoretical seismograms calculated for two forms of
pulses in different periods (a) and histograms of the
values of the periods of the longitudinal waves for
near (b) and distant (c) earthquakes with respect to
the Chilik Well at a depth of 600 meters (the solid
1ine), 300 meters (the dotted line) and on the surface
(the points).
' Key:
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However, the lower noise level and its stability at 600 meters permit us
to realize the maximum possible sensitivity for 3 times longer time than
at a depth of 300 meters.

§5. Noise Background in the Case of Stationary Noise Sources

In the preceding items a study was made of the results of the observations
in the areas characterized by high and low ground noise level, In both
cases, no noise source was concentrated in the vicinity of the well. ‘The
background was the result of superposition of the interference waves
caused by a large number of distributed sources. The Novo-Alekseyevskaya
Well is distinguished from the investigated ones with respect to its
conditions. It is located far from large populated places (at the edge of
a small village), and the noise level here 1is very low, but the presence
of a large building materials combine near the well (approximately 3«4 km
to the east) and a rock crushing plant (about 4 km to the south) has led
to a sharp increase in noise level and specific variation with depth.

The basic source of the interference waves 1s the crushers operating at
these enterprises. With respect to the nature of their operation they are
similar to stationary vibrators, and the study of the waves excited by
sources of this type 18 of interest not only from the point of view of
estimating the posasible gain in sensitivity of the equipment but also from
the point of view of the possibility of using such sources for seismological
studies.

The Novo-Alekseyevskaya Well is located between the Alma-Ata and Chilik
Wells 22 km east of the Alma-Ata Well, The thickness of the coarsely
clastic sedimentary rock is 2960 meters here, Let us remember that in the
Alma-Ata and Chilik Wells this thickness was 4200 and 1350 meters
respectively.

Observations in the Novo-Alekseyevskaya Well were used to study the laws

of vartation of noise with depth along the well stem, the stability of the
noise on the day surface and at certain fixed depths, the frequency composi-
tion of the noise on the surface and at fixed depths, and the gain in
sensitivity of the well observations.

The noise background was measured synchronously on the surface and at the
well by the method of vertical seismic profiling (the variation of the

- nolse with depth) and staticnary observations (the stability of the noise)
when the well seismograph was located at one fixed depth.

During the stationary observations, the set of equipment did not differ
from that described in Chapter I. For observations by the VSP method, the
noise was recorded on the magnetic tape using a 4-channel R~351F type

tape recorder built by the TEAC Company. On one of the recording channels
the ground seismograph recording was made, and on the other, the well
seismograph recording was made with constant increase, on the third channel
the well sefsmograph recording was made with approximately constant
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amplitude, but with enhancement f£rom point to point. On the fourth

channel a recording wns made of the second and minute time marks. In
paraliel with the recording on the magnetie tape, a viaible control record=
ing was made of the same channels using the RV3=T recorder. The SD-1F
seismometer was used as the selsmic signal converter. A preamplificr was
mounted directly in it. For commutation of the selsmograph with a pre-
amplifier, a special control panel was built.

The control panel was used to perforam such operations as locking and
unlocking the seismograph, adjusting the period of the pendulum, control
of the operating voltages and also various types of commutatiens.

Eight vertical profiles (series of observations) were worked out, of which
the first seven were on working days, and the eighth was on Sunday when
the noise sources were not in operation. The depth of the observations
was limited by the high temperatures at which the preamplifier placed in
the well seismograph failed. The observations points during VSP were
every 50 meters from the head of the well to a depth of 400 meters, and
below that, every 100 meters. The recording time at each point was

3 minutes.

In order to study the variation of the noise level with depth recording,
photooscillograms were made from the magnetic tape, In order to atudy the
frequency composition of the noise, the spectral seismograms of the fre-
quency selection seismographic station were obtained from the magnetic
tape. During the processing, basically the recordings from two other
channels were used -- the ground channel and the well channel with approx-
imately a constant recording amplitude.

Study of the Laws of Variation of Noise with Depth. The results of the
processing indicate that with respect to noise level and nature of its
variation with depth there are two noise regimes differing sharply from
each other. The first is "quiet" or "nonoperating." 1t is characterized
hy a comparatively low nofse level and coincides with respect to time with
the period when the crushers of the construction combines were not in
operation (Sunday and short breaks for eating and preventive maintenance).
For the second resime - the noise or operating regime -- which takes up
the main part of the time, a high noisc level 1s characteristic which is
connected with the operation of the crushers.

Before proceeding to an investigation of the relations obtained, let us
bricfly characterize the noise background on the surface for the two
regimes. The average value of the noise amplitudes on the surface for the
"quiet" regime represented by the Sunday series of observations fluctuates
within the limits from 30 to 70 am. The value of the noise with respect
to the 50% probability level corresponds to 45 nm. The maximum values
reach 120-140 nm of shift.
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A characteristic feature of the nonoperating background is its sharp
instability and great variability with respect to magnitude, from 12 to
140 nm, that is, by more than 10 times,

The second regime is characterized by the average value of the amplitudes
equal to about 250 nm with respect to the 502 probability level. The
maximum values of the ampiitudes reach 550-600 nm.

A distinguishing feature of the "operating" background by comparison with
the "nonoperating" one is its significantly preater stability: the noise
level varies from 90 to 600 nm (by less than 7 times). The great astability
of the "operating" background is explained by the stationary operation of
the crushers.,

An example of recording the background noise at different depths is shown
in Fig 20, a. The magnitude of the noise level of the two regimes is
sharply different, which is obvious by the graphs for the variation with
depth of the mean noise amplitudes and also by the probability curves

for the occurrence of the noise of given or lower amplitudes (Fig 20, b).

For the "quiet" regime there is a comparatively weak decrease in the

noise with depth which is characteristic in general for the "quiet" regions
(in particular, Chilik). At a depth of 1250 meters the nolse amplitude 1is
about 8 nm, that is, the decrease with respect to the surface is 8 times.
The sharpest decrease, however, takes place in the first 300-400 meters
where the noise level decreases by 5.5-6 times. Then the decrease proceeds
much more slowly, and at a dapth of 1200 meters, by comparison with 400 m
the background decreases by only 1.5 times.

For the "noise" regime the nature of variation of the noise with depth
differs not only from the "quiet" regime but also from all of the previously
investigated cases (Tashkent, Alma-Ata, Chilik), Basically this refers to
depths of more than 400-500 meters. In the upper part there is a sharp
decrease in noise analogous to the areas with their high ground level
(Tashkent, Alma-Ata). Thus, already at a depth of 5 meters the background
level decreases by comparison with the surface (with respect to 50% prob-
ability level) by more than 2 times, at a depth of 2h0 meters by 7 times.
The maximum decrease in background level 1s observed at a depth of 500 m
-- approximately by 13 times (from 200 to 18 nm with respect to 50% prob-
ability level). Below 500 meters, with an increase in depoth not only is

a decrease in background amplitude observed, but, on the contrary, there
is a trend toward some increase in the noise level. Thus, at a depth of
1000 meters the background amplitude i{s 20 nm, that is, 1.2 times greater
than at 500 meters, and at a depth of 1700 meters the background level is
larger by 1.3 times.
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Figure 20. Noise in the Novo-Alekseyevskaya Well
a -~ recording by the ground channel and the well channel at
different depths. The increases in the ground channel are
80,000, and in the well channel, 140,000 at all depths. On the
left we see the calibration signal of the constant amplitude
magnetic generator (MGPA).
b -- Probability of occurrence of noise of given or slower ampli-
tude on work days (solid line) and Sundays (dashed lines) at
different depths (the numbers on the curves) and the mean ampli~
tudes of the noise as a function of depth for the different series
of ohservations (the triangles indicate data for the Alma-Ata
Well).
¢ == The frequency components of the noise as a function of
depth (at the top) and its average spectra in the frequency range
of 0.6-10 hertz for Sunday and working series of observations at
different depths,

Key: 1. seconds; 2. X, nm; 3. hertz; 4. f, hertz; 5. X, nm
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For comparison, Fig 20, h shows the graph of the variation of the noise
amplitudes in the Alma-Ata Well constrxucted by 50% probability level for

the first serles when the majority of induatrial enterprises are at work,

The Alma~Ata chart differs sharply from the curves of the Novo-Alekseyevskaya
Well, Whereas in the upper part it approaches the "noise" picture and

above 100 meters it is shifted still more to the right in the direction of
large amplitudes, below 400-500 meters, the graph is similar to the "quiet"
regime and decreases smoothly with further increase in depth, For the
"noise" regime of Novo-Alekseyevka, a smooth increase in noise level with

an increase in depth is characteristic below 500 meters,

Variation of Noise with Time. Inasmuch as for Novo-Alekseyevka the primary
source of iInterference is the operation of the crushers, they also determine
the variation in noise background time both on the surface and in the well.

When the enterprises are not in operation, the background noise level is
low although 1t varies within quite broad limits. The maximum noise ampli-
tudes are determined on the day surface basically by the motor transporta-
- tion and they are represented on the recording by individual comparatively
high-frequency (10-15 hertz) blips. In this case, on the ground channel
during stationary observations it is possible to realize amplification of
about 20,000, and in the well channel, at a depth of 1200 meters, about
200,000, The amplitude of the background noise recording on both channels
does not exceed 1 mm. However, it is necessary to note that on the ground
channel at this time the background noise can periodically increase by
2-3 times which is connected primarily with transportation.

In the case where the combines are in operation, the background noise
level increases sharply both on the surface and in the well. The realized
increase in the ground channel is a total of about 5,000, and in the well
channel about 50,000, that is, on the day surface and in the well the
sensitivity decreases by 4 times. However, the background on the ground
channel can periodically increase, complicating the isolation and analysis
of the useful signals.

Since the enterprises operate almost continuously with the exception of

one Sunday a week, lunch breaks and brief shutdowns for preventive
maintenance of 1 to 1.5 hours, the conditions for seismological observations
ian the well, and the more so on the surface, are highly unfavorable, The
Novo-Alekseyevskaya Well is similar with respect to observation conditions
to the Alma-Ata Well located in the large industrial center.

Variation of the Frequency Components of Noise with Depth. Let us consider
how the intensity of the frequency components 10, 5, 2.6, 1.3 and 0.6 hertz
in noise varies for the "quiet" and "noisy" conditions (see Fig 20, c).
When constructing the graphs for the "noise" regime the results of
averaging the working series were used, and the Sunday series was obtained
on a single day; therefore the representativeness of the graphs is not
identical.
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The strong dependence of the nolse level on frequency both on the day
surface and in the well 1s a common law: the curves for the higher fre~
quency components are left shifted.

Let us consider the variation with depth of the frequency components of
the Sunday series. Let us note that all of the curves in the series are
shifted f{n the direction of lower amplitudes by comparison with the
corresponding frequency components of the operating serles which is caused
by a diff2rent noise level for the "quiet" and "noisy" regimes. In
addition, the laws of decrease in the components with depth are distin-
guished. Thus, the 10 hertz component of the Sunday series has a vary
small value (3 nm) at the day surface (at a depth of 5 meters), and it
decreases sharply with depth =~ at 400 meters it is not recorded. The
decrease with depth is also observed for the components at 5, 2,6 and 1,3
hertz, However, the gradient of the decrease falls off with a decrease

in frequency. If we compare the background level at depths of 50 and
300-400 meters, then the decrease takes place by more than 6 times for the
5 hertz components, 6 times for the 2.6 hertz component and only 3 times
for the 1.3 hertz component. The still slower decrease takes place for
the 0.6 hertz component -~ the amplitude ratio of depths of 500 and 50 m
is two. Below 400-500 meters, the decrease in noise for all of the
components 1s quite insignificant.

The analogous picture is observed when investigating the spectra of the
Sunday series constructed for different depths (see Fig 20, c¢), A compar{-
son of the spectra indicates that all of the frequency components decrease
with depth. The 10 hert:z component 1is recorded only in the upper part of
the section. The 0.6, 1.3, and 2.6 hertz components decrease more slowly.,
The 5.1 hertz component decreases still less sharply, for which at depths
of 100 and, to a lesser degree, 200 meters, even some relative increase in
spectral amplitude is noticeable by comparison with the 2.6 hertz frequency.
Deeper than 200 meters the decrease of the 5.1 hertz component is analogous
to the other components. Thus, all of the components of the Sunday series
are characterized by quite monotonic decrease in amplitude with depth.

An cssentlally different variatfon is observed for the components of the
working series (Fig 20, c). In the upper part of the section to 400-500 m,
a sharp decrease In nolse takes piace at all frequencies -~ the greater,
the higher the frequency. For 10 hertz the level ratio at depths of 500
and 5 meters is 20; for 5.1 hertz it is about 18, for 2.6 hertz, 1t is

less than 10, for 1.3 hertz it is 4. The anomalously sharp decreases are
observed only for the 0.6 hertz component -- by more than 10 times, At a
depth about 500 meters the variation of the noise level for the different
components also i{s not fdentical. Whereas for 10 and 0.6 hertz, a decrease
in noise with depth ig observed even though it i{s a slow one (approximately
1.5 times at a depth of 1700 meters by comparison with 500 meters) and a
still slower decrease takes place for 1,3 hertz, for 5 and 2.6 hertz the
picture 1s quite different, Beginning with a depth of 400-500 meters the
background level increases slowly, and at 1700 meters this increase is
equal to 1.5 and 2 for 5 and 2.6 hertz respectively,
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For the working series the same pleture is observed when analyzing the

upectra, The spectra in the upper part of the section (5, 100 and 200 m)

are characterized by the relative predominance of the 1.3 znd 2.6 hertz

components and a quite sharp decrease in the remaining ones, especially

10 hertz. Below 200 meters the 0.6, 1.3 and 10 hertz components decrease -
with the same gradient, and 2.6 and 1.5 hertz decrease more sharply than

at depths of 100 and 200. Beginning with 600 meters the gradient of the
decrease at the 0.6 hertz component decreases. The noise amplitudes
decreage still more slowly at frequencies of 1,3 and 10 hertz, For a fre-
quency of 5.1 and especially 2.6 hertz, both relative and absolute
increases in spectral amplitudes wi:h an increase in depth are character-
istic (seec 1400 and 1600 meters in Fig 20, c¢). Wherecas the spectral
amplitude of 2.6 hertz for a depth of 900 meters 1s 16 nm with respect to
shift, for a depth of 1400 and 1600 meters it 1s 25 and 30 nm respectively,
that 1s, the total increase in amplitudes of the noise with depth below
400-500 meters basically take place as a result of the 2.6 hertz component
and to a lesser degree as a result of 5,1 hertz.

Thus, the results of studying the noise in the Novo-Alekseyevskaya Well
indicate that in the "quiet" regime the nature of the decrease of the
noise with depth corresponds on the whole to the results of the observa-
tions in other wells.

'ﬁ“x

#f

The working days are of special interest when the noise is formed by
concentrated sources, The curves for the variations of the noise amplitudes
can be provisionally broken down into two parts: with high negative grad=~
lent in the upper layers of the section to a depth of 400-500 meters and

low positive'at depths of more than 500 meters. It is possible to consider
that two opposite laws of variation of the noise level correspond to
different types of waves which predominate in the noise at different depths. -
In the upper part of the profile the noise is formed primerily by surface

waves, and this determines the sharp decrease in noise amplitudes with

depths. However, beginnling with depths of 400-500 meters when the surface

wave level has dropped sharply, obviously the volumetric waves acquire

special significance, and thefr intensity increases smoothly with depth.

The observed, sharpest increase in spectral amplitudes of the 5.1 and 2.6

hertz components obviously is to a great extent determined by the vibration

source.

Useful Sensitivity., In order to estimate the sensitivity of the well
observations it 1is necessary to study the useful signals at the surface
and at depths in addition to the variation of the noise background with
depth and in time. For this purpose let us consider the earthquake and
explosion recordings in the Medeo area recorded on the day surface and in
a well.

The studies in Novo-Alekseyevliia demonstrated that the sensitivity of the
well observations when recording local earthquakes (ts_pflﬂ seconds) at

a depth of 1200 meters 18 8 to 10 times higher than the ground observations.
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- In Fig 21, a, recordings of local earthquakes are presented which were
- taken both by well and grouad selsmographs,
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Figure 21. Recordings of local (a), near (b) and distant (c)
earthquakes and explosions in Medeo (i) by ground
(the upper recording) and well channels at the
Novo-Alekseyevskaya station
Key:
1. secconds
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The earthquake on 10 February 1975 at 1945 hours was recorded by a ground
channel with amplification of 10,000, and by the well channel with amplifica=-
tion of 50,000, If we conaider the background noise on both channels and
the ratio of the useful signals, then it turns out that the sensitivity of
the well channel {e 9-11 times more than the ground channel,

For the earthquake at 0818 hours on 21 February 1975, the analogous value
is approximately 7 times, and for the earthquake at 1028 hours on

10 March 1975, about 7-10 times, Let us note that on the ground channel
the noise can increase periodically, complicating the isolation of the
useful signal. For example, the earthuake at 0818 hours on

21 February 1975 was difficult to isolate on the ground channel in connec-
tion with the sharp increase in background. On the well channel, the
inecrease in noise background does not take place, and the signal is c¢learly
separated.

Comparing the recordings of local earthquakes by the Novo=~Alekseyevskaya
station with the recordings of other stations in the test area (see, for
example, Fig 48, aj 56, c), it 1s possible to state that its semsitivity
is somewhat less or commensurate with such stations as Alma-Ata or Ald.

The sensitivity of the Novo-Alekseyevskaya station when recording close
carthquakes (these include earthquakes with tg_p>10 seconds) 1s approximately
6-8 times higher in the well than for ground observations (Fig 21, b),

For distant earthquakes the gain in sensitivity of the well channel is
less than for near and local earthquakes, and it is 5-6 times (Fig 21, c).

The sensitivity of the well channel when recording industrial explosions
in the Medeo (Fig 21, 1) is approximately the same as when recording near
carthquakes, that is, 6 to 8 times higher than the ground channel.

Thus, in spite of the high interference level caused by the operation of
the combines, the sensitivity of the well observations in Novo-Alekseyevka
{s essentially higher than the ground observations both in recording earth-
quakes and when recording industrial explosions,

i6. Observations in Shallow Wells Opening Up the Crystalline Basement

The {nvestigated results indicate that under the conditions of great thick-
ness of the sedimentary series, for a significant increase in useful
sensitivity it is necessary to bury the scismometers to significant
depths.

It was possible to expect significantly better results when submerging
seismographs in the wells opening up the crystalline basement at shallow
depths. 1In order to estimate the gain in sensitivity for the well observa-
tions under such conditions on the Ukrainian shield, studies were made

in shallow wells (several tens of meters) opening up the crystalline base-
ment. The obgervations were made in three wells located st distances of
about 20-25 km from each other,
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Inasmuch as the results of the observations in all of the wells are
analogous, we shall limit ourselves to a description of the results in

one of them located several kilometers from the rayon center and distin-
guished by the highest level of ground noise. The depth of the well is

86 meters, The thickness of the sediments represented by alluvium of

the Neogenic age (sand, clay, loam) is 54 meters, From 54 to 71 meters

is weathered granite, below 71 meters to the bottom is fresh, hard, massive,
fine-grained granite in which the SBU~V deep-well seismometer was installed.
The ground seismometer was installed in the alluvium directly at the head
of the well,

The study of the laws of variation of noise with time and the useful sig-
nal was performed by the semistationary observations in the frequency
range of 1-5 hertz. 1In order to obtain average statistical estimates of
the noise at different times (the hours of the day, days, weeks), brief
recording sessions were held with large increases of the equipment with
a pasg band of 1-20 hertz.

Noise Sources. For observations in a well, the primary noise source is
the crushers of several rock crushing plants located approximately 4 km

- to the northeast of the well., If we do not consider the lunch breaks and
short-term preventive maintenance shutdowns, the crushers operate contin-
uously, in the steady state mode, The noise level is determined by the
number of rock crushing plants operating simultaneously, Another source
of interference 1s the industrial explosions in the open pit mines, but
they are very short-lived, they are produced in the majority of cases at
one and the same time (usually about 1800 hours local time), they are
easily recognized on the recordings and do not limit the sensitivity of
the observations.

On the day surface the basic sources of interference are transportation
(automobiles, tractors, and so on), farm machinery operating in the
surrounding fields and various machinery in the lumbering section in direct
proximity to the well (beginning with 200 meters and more). The rayon
center located at 6 km and several villages near the well are also sources
of noise. In addition, interference can be connected with the reservoirs
located 200 meters from the well and the dam over which the water is
discharged into the river flowing out of it,

Observation Data. The semistationary observations were performed in

April 1976. The amplification of the ground channel was given depending
on the noige level, 16,500 or 33,000, and the well channel, 140,000 or
280,000, The stability of the cquipment was controlled by systematic
recording of the calibration signal. An example of seismograms from a
visible recording is shovm in Fig 22, a, By the seismogram obtained in the
daytime (from 0900 to 2100 hours local time) it is obvious that on the
ground channel with amplification of 16,500, the recording was broken by
transport noise with an amplitude of 25-30 mm, At the same time at a depth
of 86 meters, with channel amplification of 140,000, the amplitude of the
background noise does not exceed 1 mm, At night (from 2100 hours in the
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Figure 22, Seismogram of the noise and a distant earthquake recorded

by the well and ground channels during semistationary recordings (a)
and photooscillograms of the noise with high amplification (b).
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evening to 0900 hours in the morning local time) the tranaport noise makes
up 50% of the total observation time,

During continuous observations, the well channel was used to record more
than 70 different signals, including 15 distant earthquakes, Out of the
55 near signals the majority are industrial explosions from various
distances. The ground channel was used to record a total of about 20
signals, and of them none was a distant earthquake. This 1s explained by
insuffictient sensitivity of the ground observations limited by the high
interference level,

The highly sensitive recording of noise was carried out in three minute
seasions every 2 hours for 4 days (Thursday, Friday, Saturday and Sunday)
from 15 to 18 April 1976, Examples of seismograms are shown in Fig 22, b.
The seismogram at 1430 hours was obtained in the daytime, and at 0200 hours
at night, but the basic interference in both cases was the noise of the
crushers recorded both by the well and by the ground channels. The noise
from motor vehicles was also superimposed on the ground channel recording
of the seismogram at 1430 hours, The seismogram at 0203 hours illustrates
noise under conditions where not all of the crushers of the rock crushing
plants were in operation, and the seismogram at 1558 hours, when all of the
crushers were not in operation. On the recordings of the well channel, the
low-frequency interference is quite visible with a period of about 3,5 sec
which is hardly noticeable on the ground channel recordings in connection
with the small realized amplification -ard the high amplitude of the high-
frequency noise of the motor vehicles and the crushers,

Observation Results. Analysis of the materials shows that in the wells
three noise levels are ohserved which differ significantly with respect to
amplitude and duration. The highest level with displacement amplitudes of
about 10 nm occupies about 70% of the total obgervation time and is
determined by the operation of the crushers of the rock crushing plants.
The frequency of this interference is about 4 hertz.

The minimum interference level with displacement amplitudes of about 2.5 nm
occupies a total of 10% of the time out of the total duration of the
observations, and it is tied to the periods when the crushers of the

rock crushing plants are not in operation. The intermediate noise level
of about 5 nm 18 obviously associated with times when part of the crushers
are operating, With respect to duration, this level takes up about 20Z of
the total observation time, The minimum background level corresponds pre-
dominantly to the period between 0200 and 0600 hours at night local time,
occupying short intervals of 1-1.5 hours. The noise level of 5 nm is
observed basically from 1600-~1700 to 2100-2200 hours in intervals lasting
1-2 to 4~5 hours.

The statistical processing of the data was carried out to estimate the
nolse from the various sources. The average noise level from the rock
crushing plants 1in the well is 6 nm (1ine 2 on Fig 23, a), it is constant
and does not depend on the time of day. The transport noise (region 3
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fn Fig 23, a) does not exceed the plant nolse with respect to level, that
la, 1t 18 no more than 6 nm. They are observed on recording only in the
cage where the erushers are not in operation and the motor transportation
moves directly at the head of the well (1020 meters), When motor trans~
portation moves at distances closer than 20 meters from the head, the
noige from it is not isolated on the well channel recording,

In the well low-frequency noise is also recorded with a period of ahout
3-4 seconds, the arithmetic mean level of which fluctuates around a value
of 300 nm. During the observations in the well, the low~frequency inter-
ference was continuously observed, The interference level 1in Fig 23, a
is provisionally illustrated without a time scale. Inasmuch as this
noise is outside the pass band of the equipment, its,amplitude does not
exceed 2 mm on the recording.

On the day surface at the head of the well, the noise level reaches 2000 nm
(region 3 on Fig 23, a), and 1t 1s determined basically by the transport
interference. With respect to time it occupies 75% of the daytime record-
{ng, attenuating only at night, The transport noise level on the surface
depends on the distance at which the moving transportation is located, and
to a lesser degree on its form (mass). For example, during movement of
a motor transport at a distance of about 150-200 meters from the observa-
tion point the noise level reaches 400-600 nm, and with a decrease in
digtance to 15-20 m, this value increases to 2000 nm or more, that is,
300 times higher than in the well, In the absence of transport interference,
the noise amplitude on the surface reaches 50 nm in the daytime and 30 nm
at night (line 1 on Fig 23, a). The decrease in noise at night indicates
that some part of the total noise level is determined by the "cultural"
noise connected with the vital activity of nearby populated places. On
the surface, just as in the well, a low~frequency interference is recorded
with a period of 3-4 characteristic in general for the given area. The
- interference level on the surface is somewhat greater than in the well,

and it reaches about 400 nm (region &4 on Fig 23, a).

As a result of the statistical processing of the data for the surface and

the well, curves were constructed for the probability of occurrence of

noise of the given or lower amplitude (Fig 23, b). 1In the absence of
transport interfercnce the noise in the well is determined by the crushers
(curve 1), the mean amplitude of the noise with respect to 50% probability
level is 6 nm; the noise amplitude varies from 2.5-3 to 12 nm. On the
surface under analogous conditions the noise reaches values of 45 nm

(curve 2). The variation of the noise amplitudes on the surface is 15-90 nm.

In the case where only part of the crushers are in operation, the probabil-
ity curves are shifted in the direction of smaller values of the noise
amplitude (for example, curve 3 for the well and 4 for the surface), When
the crushers are not in operation, the average noise level in the well is
1.5 nm, varving within the limits of 0.7-4 nm (curve 5 in Fig 23, b), 1In
this case on the surface (curve 6) the amplitude varies from 8-10 to 50 nm,
and the mean value 1is 25 nm.
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Characteristics of noise during observations in a

shallow well opening up the basement.
a -- noise level in the daytime and at night on the day surface
and a depth of 36 meters: 1 -- noise level on the surface without
considering transport interference, 2 -~ the same in the well,

J -- transport noise on the surface and in the well, 4 ~- low-
frequency noise on the surface, 5 -- the same in the well;
_ b -~ probability curves for the occurrence of noise of given or

lower amplitude at a depth of 86 m (1,3,5) and on the surface

(2,4,6,7) under various conditions;
c -~ average noise spectrum at a depth of 86 meters.
1. X, nm; 2. day; 3. night; 4. hertz

Key:
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For observations on the surface 35% of the time 1s characterized by the
presence of transport interference, Curve 7 (Fig 23, b) is constructed
in accordance with the nolse recording in the presence of transportation
moving at a distance of about 200 meters from the ohservation point. A
large range of variation of the noise amplitudes (from 30 to 500 nm) is
characteristic, and the mean value with respect to the 50% probability
level is 150-170 nm,

The spectral analysis of the noise in the well at a depth of 86 meters
indicates that the maximum amplitudes correspond to the low~frequency

part of the spectrum (Fig 23,c), With an increase in the frequency, the
noise level decreases sharply. For example, with an increase in frequency
from 0.2 to 0.8 hertz the noise level decreases by more than two orders,
With further increase in frequency, the noise amplitudes decrease signif-
icantly more slowly. In the 3-4 hertz range, the relative maximum connected
with the operation of the crushers is observed. The nature of decrease in
the noise with increase in frequency in the 0,2~1 hertz range will permit

us to propose that the basic mode of the Rayleigh wave predominates here,

Senslitivity of Well Observations, In connection with the presence of a

high level of ground noise the recording on the surface under the condition
of recording on the seismogram of normal background with an amplitude of
more than 1-2 mm is realizable only for amplifications not exceeding
500-1000. Inasmuch as the high level of ground interference is characteris-
tic for 75% of the observation time, the stationary high~frequency observa-
tions are in practice impossible.

The sensitivity of the well observations is more than 2 orders higher than
that of the ground observations, Distant earthquakes considered as useful
signals which are clearly recorded by the well channel are not separated
in the ground channel under these conditions,

In the absence of transport interference (about 25% of the total observation
time) the gensitivity of the well channel is approximately 5-6 tines

higher than the ground channel, For example, 1f the earthquake at 1730
hours (sce Fig 22, a) is recorded by the well channel with an amplitude
which exceeds by 10 times the background level, the amplitude of the signal
on the ground channel recording will only exceed the background level by

a slight amount.

A comparison with the ground seismic atation, the seismometers of which are
installed on outcrops of bedrock approximately 10 km from the well indicates
that the sensitivity of the two stations 1s comparable (Fig 24)., The
higher low-frequency noise (T=3-4 seconds) on the ground station is
explained by the fact that the natural period of its seismometers is

1.5 seconds (the natural period of the well seismometer is 1 second).

Let us identify the results of the well research,
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For a high level of ground noise

1. Under the conditions of the large industrial cities the noise level on
the day surface 1s very high and unstable, The range of variation of the
noime amplitudes: with time exceads 2 orders, However, approximately to
300-400 meters the noise level is stabilized and basically varies from

day to night by 2-3 times,

2, The sharpest variation of the background takes place in the upper part
of the section (the first hundreds of meters). With further increase in
depth the gradient of the amplitude variation of the noise decreases rapidly.
Thus, whereas on going from the day surface to a depth of 600 meters the
noise amplitudes decrease by 30-40 times, on making the transition from

1000 to 2000 meters the noise amplitude decreases by a total of 2~3 times.

3. The maximum noise amplitudes both on the day surface and at great depths
correspond to the low-period components of the spectrum. With an increase
in frequency the noise level decreases significantly faster in the well

than on the day surface,

4. The recordings of the ground and deep-well stations located in Alma~Ata
are in practice not comparable. The earthquakes, the recordings of which
are readable at the deep stations are not recorded by the ground station
and, vice versa, the earthquakes recorded by the ground station are com-
pletely washed out on the recording by the deep station,

A comparison of the recordings of earthqual:es obtained under city conditions
in a well at a depth of 2 km with the recordings of the Talgar station
located far from the city in a drift in crystalline rock indicates approx-~
imately identical useful sensitivity of the stations.

5. The results obtained make {t possible to recommend the creation of
highly sensitive stations with seismographs buried in deep wells to study

the seismic characteristics of large cities located in seismically active
zones.

For a low ground noise level

1. The noise amplitudes decrease with depth significantly less sharply
than in areas with a high noise level, The nature of variation in the
Chilik Well for the day series coincides with the variation of the day
noise in the Tashkent and Alma-~Ata Wells. At night the noise level in
the Chilik Well decreases significantly more weakly than in the daytime.
Whereas for the Tashkent and Alma-Ata Wells the ratio of the noise level
at the surface and at a depth of 600 meters is 30-40, for the Chilik Well
it is 4-64,

2. On the day surface the noise amplitudes can vary by several tens of
times with time. At a depth of several hundreds of meters (300-600 meters)
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the nolue level varles, as a rule, by no more than 2-3 times. These
differences are stably conneeted with an inerease Ln noise in the daytime,
The gain 1n useful sensitivity is appreciably lower than in the areas with
a high level of ground noise, However the high stability of the noise even
at shallow depths increases the effectiveness and the value of the well
observations sharply,

- (1) D7 76 »,Jh”m
V= 272000

V=280000
dEm

Vnl5500

VRPN W Iﬁ‘

Figure 24. Recordings of a distant earthquake by the well and
ground stations, the seismographs of which are
installed on outcrops of bedrock (upper trace)
and on sedimentary rock at the head of the well
(lower trace)

Key:
1. 11 April 1976

3. 1In the well the shape of the recording of each individual wave is
determined primarily by the superposition of the pulses of the incident
wave and the wave reflected from the day surface. In the section of the
well adjacent to the day surface, the shape of the recording of the
{ndividual wave can he more complex than on the day surface. The length
of this section depends on the shape of the pulse of the incident wave,
its predominant frequency and the high speed section, At depths where the
pulses of the incident and reflected waves are resolved, the shape of the
individual wave 1is newly simplified, but in this case the number of waves
recorded on the seismogram increases, and the structure of the seismogram
becomes significantly more complicated.

For noise from stationary sources

}. Under the conditions of the effect of stationary noise sources their
level at the surface can be very high, However, the range of variation
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of amplitudes with time is appreciably lower than from the standard sources,
Thus, whereas in Alma-Ata and Tashkent the range of variation exceeds two
orders, in Novo-Alekseyevka it is less than an order (7 times).

2. There are two "noise" conditions for stationary sources differing
sharply between each other with respect to level and nature of variation
of the noise -- "quiet" and "noisy," The former is characterized by a
low noise level and a monotonic decrease in noise with depth. For the
latter, a sharp decrease in amplitude in the upper part of the section
(400-500 meters) and smooth increase in amplitudes with furrher increase

- in depth are characteristic, This decrease in noise indicates various
types of waves predominant at different depths: in the upper part the
surface waves predominate, and deeper than 500 meters the volumetric waves
predominate,

The higher frequencies decrease more sharply from the surface to a depth
of 500 meters. Below 500 meters the total increase in noise amplitudes
with depth takes place primarily as a result of the 5,1 and especially
the 2.6 hertz components.

4. The gain in useful sensitivity for well observations in Novo~Alekseyevka
when recording at a depth of 1200 meters for local earthquakes is 810,

for nearby earthquakes 6-8, and distant earthquakes 5-6 and industrial
explosions, 6-8 times.

With respect to useful sensitivity the Movo-Alekseyevskaya station is
comparable with the other well stations of the test area (Alma-Ata, Ali).

For shallow wells which open up the crystalline basement

1. Even under conditions of high ground noise level, completely excluding
the possibility of high frequency ground observations, submersion of the
seismograph in a well to the crystalline basement permits amplification of
about 300,000, that is, it makes it possible to obtain the sensitivity
which is commensurate with the useful sensitivity of the station located
on the day surface directly on outcrops of bedrock under unfavorable con-
ditions.

2. The gain in sensitivity obtained is connected primarily with the
transition to the crystalline basement. It is possible to assume that
this gain depends little on the thickness of the sedimentary series and
will be observed in other regions of analogous structure,

3. Considering the high velocity gradient in the upper weathered zone of

the bascment, it 1s expedient to bury the seismograph 10-15 meters
into stronger rock.
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PART II. RADIOTELEMETRIC RECORDING

The centralized radiotelemetric recording with a unit time service permitting
the accuracy of the constructions to be increased is one of the basic
features of the developed procedure. A more detailed description is pre-
sented of the Alma-Ata radiotelemetric test area and the equipment of the
automated well and ground stations and also the radiotelemetric recording
system. Special attention has been given to a description of the experiment
and the observation results.

CHAPTER TII. ALMA-ATA SEISMOLOGICAL RADIOTELEMETRIC TEST AREA

The observation conditions .in the vicinity of Alma-Ata are characterized
by the presence of a very high level of seismic noise caused by the vital
activity of the city and its high varilability in time.

At the same time the seismogeological situation near Alma-Ata which is
located in a force-10 zone requires a detailed study of the seismic char-
acteristics of both the city itself and its environs. The necessity for
highly sensitive observations arises also from the fact that at the present
time the basic characteristic of the seismic regime is "calmness" of seismic
activity. In order to discover and trace the "'seismically active zones it

is necessary to increase the accuracy of determining the coordinates of the
earthquake centers.

Thus, the basic specific requirements on the observations in large indus-
trial centers are, first of all, high sensitivity of the equipment and,
secondly, high accuracy of determining the coordinates of the earthquake
centers. The satisfaction of these requirements has led, on the one hand,
to the creation of highly sensitive deep-well seismic stations and, on the
other hand, to the organization of centralized multichannel radiotelemetric
recording of the signals of all stationary observation points. Both of
these areas were basic to the creation of the Alma-Ata test area,

81. Geological-Geophysical Characteristics of the Region

In administrative respects, the observation region belongs to Alma-Ata
Oblast and includes the city of Alma-Ata directly,
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The region includes arcas that are different with respect to their geo-

morphologlcal appearance =~ from plains and mildly hilly areas in the north

to the mountainous area in the south., The Iliyskaya basin is located in
' the north, It runs in a sublatitudinal direction along the Zailiyskiy
Alatau Ridge which {s located in the southern part and 1is separated from
the Kyungey Ala=Too Ridge located farther south by the Chon-Kemin River
valley. In the west, the Zailiyskiy Alatau is split into two branches ==
the Kastekskiy and the Chon-Keminskiy Ridges, The highest altitude of the
Zalliyskiy Alatau reaches 5000 meters., Strong dismemberment of the ridges
is a characteristic feature,

Tectonics, On the reglonal level the district is in an area of joining

of the Caledonian structures of Northern Tyan'=Shan' with the Hercinian
structures of the Dzhungaro-Balkhash Province which is complicated by

alpine discontinuous tectonics. The Kungeyskiy, Zailiyskiy and Chu-~Iliyskiy
anticlinoriya and Iliyskiy synclinorium are large structures.

The Kungeyskiy anticlinorium is made up of metamorphic series of the
Proterozofc with inclusions of large masses of intrusfons of Silurian and
Ordovician age. 1In the north the anticlinorium joins the Zailiyskiy
anticlinorium along the deep Chilik-Keminskiy fault of ancient occurrence.
In the core of the Zailiyskiy anticlinorium, on a modern section Proterszoic
deposits are noted which are highly intensely dislocated and form small
isoclinal folds. The lower Paleozoic series are represented by a system

of narrow folds of the sublatitudinal direction. Together with the
Proterozoic, they are the only Lower Paleozoic structural state.

The surface effusive-sedimentary series of the Devonian and Lower Carbonifer-
ous occur unconformably on the Caledonian folded base in the form of a

number of comparatively gently sloping synclinal folds, forming the Middle
Paleozoic structural stage.

In the north the Zailiyskiy anticlinorium borders with the Iliyskiy
gynclinorium through the Zailiyskiy zone of faults of sublatitudinal strike
which i{s a structural element of the Upper Paleozoic stage. There are no
NDevonian deposits here, and the Carboniferous and Upper Paleozoic deposits
of basically effusive~-tufogenic origin occur unconformably on the dislocated
rocks of the 51lurian, forming gently sloping brachysynclinal and anticlinal
folds. The jently sloping bell-shaped poles are made up of Mesozoic forma-
tions, and the Tliyskiy intermontane trough with a flat bottom and several
uplifted 1imbs is made up of Cenozoic deposits which maintain almost un-
disturbed horizontal bedding or their depth corresponds to the slope of the
Paleozoic base.

In Quaternary time the most intense vertical displacements of the blocks
took place both with respect to the renewed ancient tectonic futures and
with respect to the newly occurriig faults which has created a stepped
relief system so characteristic of the region. The systems of deep faults
are illustrated in Fig 25, a.

1 [111 River Basin]
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Geophysical Study. The first large-scale seismic studies in Northern
Tyan'-Shan' are connected with the names of G. A, Gamburtsev,

K. 1. Satpayev and D. I. Kazanli. They were started immediately after
the disastrous Ashkhabad earthquake, The first studies were made of the
deep structure of the region by the deep seismic sounding technique in
1949 [22, 24], and the basis was laid down for the regional network of
seismological stations (Alma-Ata, 111, Chilik, Kurmenty, Rybach'ye,
Przheval'sk, Krasnogorka, Naryn), These stations made it possible to
record earthquakes beginning with the eighth energy class.

llere, in the vicinity of Alma~Ata in 1951 G. A, Gamburtsev began the first
highly sensitive observations to study the weak local earthquakes in the
high-frequency range (5-30 hertz) by the correlation method of studying
earthquakes (KMIZ) [20, 21]. It is necessary to note that the application
of this method at the present time is the basic trend in the development
of geismology.

During the period from 1965 to 1967, in connection with the designing of a
number of hydroengineering structures 1in the I14, Charyn and Chilik River
basins, a set of operations were performed to study the degree of seismic
danger of this region. In addition to the regional network of stations
in the Chilik and Charyn interfluve, a group of four temporary stations
were organized which made it possible to record weak shocks and more pre-
cisely to define the parameters of the earthquake centers,

Since 1966, the complex regional geophysical studies, including seismologi~
cal studies with the Zemlya [earth] stations have been performed by the
Kazakh Geophysical Trust and the reglonal network of seismic stations of
the Institute of Geological Sciences of the Kazakh SSR Academy of Sciences.
However, these observations have insufficient detail to study the seismic
characteristics of the city of Alma-Ata and its environs.

Deep Structure. The earth's crust in this area is characterized by sub-
horizontal layering and it ig separated into individual blocks by vertical
or steeply dinping fractures [3]. The thickness of the earth's crust is
from 40 to 60 km. According to the geophysical data, the roofs of the base-
ment, the Conrad and Mohorovichich boundaries are isolated (see Fig 25, b).
The Conrad surface is submerged from west to east to a depth from 20 to

35 km and it 1s characterized by a complex structure, It {is cut by the
Kurtinskiy, Altyn-Emel'skiy, Kemin-Ushkonurskiy and the Chilik-Keminskiy
deep fractures in the northeasterly direction coinciding with the strike
of the structures of the Kungey-Zailiyskiy anticlinorium. The Kemin-
Ushkonurskiy and Altyn-Emel'skiy faults are traced in the entire series of
the earth's crust to the Mohoravichich interface.

The "basaltic" layer bounded by the Conrad and Mohorovichich surfaces

has a thickness from 20 to 35 km, increasing toward the east in the
direction of the submersion of the Mohorovichich surface.
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Figure 25. Schematic of deep faults (a) and structural diagrams
(b) with respect to the basement roof (on the left),
the Conrad houndary (on the right), the

Mohorovichich surface (at the bottom) and according to
the data of [3].

[See following page for legend and key]
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[Legend and key to Fig 25, preceding pagel;

a: | == epicenteras of destructive earthquakes in the past, 2 -~ deep
faults (I == Yuzhno-Dzhungarskiy, IL ~- Malay~Sarayskiy, III =w
Kaskelenskly, IV == Altyn-Emel'skiy, V =w Karakastekskly, VI ==
Karagayly=-Bulakskiy, VII -~ Kemin-Ushkonurskiy, VIII == Aktyuzskiy,

IX =~ Severo-Keminskiy, X ~- Chilik-Kemkiskiy, XI -~ Severo-Kungeyskiy,
X1 -=- Tyupskiy); 3 == active deep faults;

b: 1 == isohypses of the interfaces, 2 =~ deep faults.

Key:
1. Alma-Ata 7. Altyn-Emel'skiy fault
2. Lake Issyk-Kul' 8. Kemin-Ushkonurskiy fault
3. Altyn~Emel'skiy fault 9. Alma-Ata
4.  Kemin-Ushkonurskiy fault 10. Chilik-Keminskiy fault
5. Alma-Ata

6. Chilik-Keminskiy fault

The "granite" layer which includes the series bounded by the roofs of the
lLower Paleozoic bascment and the Conrad surface has a thickness of 14-22 km,
The Paleozoic basement is distinguished by a block structure and it is cut
by a series of differently oriented tectonic fractures with amplitudes
reaching 500 meters. The depth of occurrence of the basement is different
in different parts of the area, In the south and southeast the Paleozoic
formations emerge at the surface. The Paleozoic series in the north and
northwest are also close to the surface, In the central part the depth of
occurrence of the basement is maximal. The series of tectonic Glslocations
with a break in continuity -~ deep fractures -- roofs of the Palzozoic base~
ment in the vicinity of Alma-Ata -~ are broken down into three blocks:
southern, central and northwestern., The southern block is a monoclinal
which dips staeply to the north to a depth of up to 3000 meters. The central
block is separated from the southern and northwestern blocks by faults
complicated by a series of small discontinuities of latitudinal and north-
easterly direction, and it is the most submerged. The thickness of the
sedimentary deposits here fluctuates from 2.5 to 3 km in the west and to

4 km in the center. The northwestern block is also separated from the
adjacent fractures and is characterized by uniform (quiet) bulging of the
basement in the northwesterly direction.

According to the data of geophysical regearch, the propagation rates of the
longitudinal waves in the earth's crust have the following values:

the sedimentary layer is 2500-~2700 m/sec, the "granite" layer is 5700-6600
m/sec, the "basaltic" layer 1s 6600-7300 m/sec, the subcrustal layer

(the Mohorovichich surface) has a velocity discontinuity to 8100 m/sec.

The velocity on the surface of the Paleozoic basement does not depend on

the depth of its occurrence within the limits of accuracy of the determina-
tions.

81
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5

FOR OFFICIAL USE ONLY

Selsmicity of the Reglon.l A characteristic feature of Northern Tyan'~Shan'
18 the fact that in a short interval four disastrous earthquakes have
,becurred herel  Vornenskoye (1887, M=7-7,25), Chilik (1889, M=7.5-8),
Rebinskoye (1911, M=8.7) and Kemino~Chuyskoye (1938, M=6.5)., B, Gutenberg
assigned a maximum possible magnitude of 8.7 to the strongest of them, the
Kebinskoye earthquake, Stronger earthquakes did not occur later, and the
selsmicity is connected with the appearance of weak and medlum earthquakes.
For the area nonuniform distribution of the earthquake epicenters is
characteristic (see Figures 73, 74), The basic number of them is concen-
trated in the central and eastern parts, A separate group of carthquakes
is located in the Chilik and Charyn interfluve in the eplcentral zone of
the 1889 earthquake. A clearcut law is observed in the mutual arrangement
of the epicenters of the weak (Kf10) and stronger (K3ll) earthquakes. The
stronger earthquakes are systematically located at some distance from the
accumulations of epicenters of earthquakes, They outline the zones of
increased activity formed hy the weak earthquakes.

A characteristic feature 1s the almost complete absence of earthquake
centers beyond the limits of the crust and coordination of the majority of
them with the "granite" layer. The basic number of centers with Ka9 have

a depth of 5-12 km; the earthquakes with K<9 have a depth basically within
the 1imits of the first 5 km from the earth's surface. Considering the
accuracy of determining the centers (#5 km) it is possible to state that
the majority of the earthquakes have a depth of 5-15 km; the deeper centers
are a rare phenomenon. The majority of strong earthquakes of the past were
also located in the earth's crust at shallow depths.

It is indicative that migration of the maximum density of epicenters is
observed over the area for the observation period of 1956-1967. 1In 1956
the maximum density of the centers was observed in the eastern part; sub-
sequently in 1958-1959, the maximum shifted to the west, and in 1960 the
central and eastern (the Charyn and Chilik interfluve) parts of the region
were active. From 1961 to 1964 basically only the eastern part was active;
certain sections were active at different times. In 1965 the central part
begins to become active, in 1966 the activity spreads farther to the west,
and in 1967 a general decrease is observed. However, whatever changes took
place in the seismic situation in the region its eastern part turned out to
he consistently more active, and the western part, including the city of
Alma-Ata and its environs was characterized by significantly weaker activity,
especially in recent years.

The prescnted brief characteristic of the region gave rise to the necessity

for using a theoretically new approach in studying the seismic characteris-

tics of Alma-Ata and the creation of the Alma-Ata radiotelemetric test area
_ of automatic stations with central multichannel recording of the signals.

1Seismicity of Zailiyskly Alatau is described in detail in 51 ~f
Chapter VI,
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§2, Structure and Technical Indexes of the Test Area

Alma-Ata and its environs are located in the foothills of Zailiyskiy
Alatau. The southern part of the city approaches directly to the north
#lopes of the ridge, in individual cases being located even on the slopes
themselves. The northern part of the city 1s located in the foothills of
the 1liyskiy basin made up of a thick series (more than 4000 meters) of
sedimentary deposits,

The geological situation and the level of selsmic noise require the creation
of a test area of stations of two types: deep well stations located in

the sedimentary rock (in the north) and ground (southern) stations located
in the mountains on the bedrock outcrops (Fig 26),

Deep-Well Stations. The northern stations are located in the Iliyskiy
basin in a thick series of sediments, and they are characterized by a very
high level of noise connected basically with the vital activity of Alma-Ata.
In order to insure maximum sensitivity for the given conditions at all of
the stations, the seismometers of its northern stations must be placed in

. the deep wells. For this purpose, random wells were used which were drilled
in their own time for one ptrpose or another. The location of these wells
cannot be considered optimal; indeed with respect to technical condition
and structural design they are not suitable at all for stationary seismolog-
ical observations.

Alma-Ata. The station was built on the basls of a deep hydrogeological
borehole located within the city, at its eastern edge, in the central,

- most submerged part of the Iliyskaya basin. The total thickness of the
terrigenic deposits is according to the geophysical data about 4200 meters
here. The well was drilled in 1962 to a depth of 3238 meters, but at the
present time it has been drilled only to a depth of 20 meters where a
cement plug 1is set, The geological section of the well and a graph of"
the temperature variation with depth appear in Fig 27. The five~inch casing
ls cemented only in the 2030 to 3230 meter range, Vater comes out of the
well with a discharge rate of about 1 liter/minute. This fact and also
the fact that the casing has not been cemented throughout reduces the
value of the well for observations somewhat.

Novo-Alekseyevskaya. The station is located 25 km to the east of Alma-Ata
and it is organized on the basis of the well drilled to find thermal water.
The depth of the well is 2985 meters, the Paleozoic basement is discovered
at a depth of 2960 meters. The well has been cased with a 5-inch casing
along its entire extent, and it is cemented in practice to its entire depth,
In this regard it differs advantageously from the Alma-Ata Well, but the
building materials combine located several kilometers from the station
where the powerful crushers are in operation causes a high interference
level. The geological section through the well and the temperature curve
are also shown in Fig 27, The seismologists of both stations, Novo-
Alekseyevskaya and Alma-Ata, were lowered to a depth of 1200 meters. The
central recording station 1s located on the first of them.

85
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5

FOR OFFICIAL USE ONLY

Ali, 'The station is the northernmost station of the test area located

30 km to the north of Alma-Ata, A well drilled to find the structures
under the gas atorape 18 used for observations, The Paleozoic basement
Is revealaed at a depth of 850 meters, but the well has been opened up only
to a depth of 800 meters where a cement plug has been installed. The
casing has been cemented to the head of the well, but the quality of the
cement is low. Between the 8 and 12 inch casings there is an artesian
flow of water from the upper horizon with a high discharge rate. By
comparison with Alma-Ata and the Novo-Alekseyevskaya stations, the con-
ditions for the observations here are comparatively favorable which is
explained basically by the closeness of the basement and also significant
removal from the city of Alma-Ata.

Ground Stations. The southern stations are located on the slopes of
Zalllyskiy Alatau directly on the outcrops of the crystalline bedrock and
they are characterized by a low noise level which makes it possible to
realize high amplifications of the equipment. The location of the stations
under conditions of sharply broken relief creates definite difficulties
transmitting information to the central recording station by radio in the
ultrashort wave band, and it has a significant effect on the structure of
the seismograms (see §5, Chapter IV),.

Talgar. This station is located 7 km south of the city of Talgar in the
foothills of Zailiyskiy Alatau, The seismomometers were installed in a
deep 120-meter drift drilled directly in the crystalline rock of the
Paleozoic basement which emerges at the surface. The elevation above sea
level is about 1200 meters,

The station is removed from various sources of noise of artificial origin;
therefore the conditions for the seismological observations are highly
favorable here. The only disadvantage is the closeness of the mountain
river of Talgar which lowers the sensitivity of the station somewhat.

Ozero. The station is located in the mountains at an altitude of about
3000 meters above sea level, 25 km south of the city of Alma-Ata and 5 km
from the Bolshoye Alma-Ata Lake in the territory of the obscrvatory of the
State Astronomical Institute imeni P. K. Shternberg. The seismometers are
installed in a prospecting hole. The noise level at the Ozero station is
very low, which 1s highly favorable for seismological observations.

Portable stations. In addition to the described stationary installations,
portable stations have been used which are periodically located in the

most interesting places. 1In particular, one of the temporary stations
(Plato) conducted observations in Malaya Alma-Atinka Canyon near the center
of the local earthquake at 0046 hours on 6 June 1972 in order to locate it,
and the other temporary station (Kurty) was set up on outcrops of bedrock
approximately 100 km northwest of the central recording station near the
village of Kurty. Some of the information about the stations in the test
area is presented in Table 5,
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Kurty
Kapchagaysk
Kapchagay
I11
Kaskelen
Nikolayevka
All
Dmitriyevka
Chemolgan
Burunday
Fabrichnaya
Kaskelen
Uzunagach

Diagram of the arrangement of the deep~well (1),

the ground surface (2) and portable automatic
stations of the Alma-Ata radiotelemetric test area.
The black triangles are the stations of the regional
network.

14, Ozero
oye Reservoir 15. Talgar
16. Plato
17. Talgar
18. Alma-Ata
19. 1Issyk
20. Novo-Alckseyevskaya
21. Turgen
22. Chilik

23. Kurmenty

Let us note that when selecting the lacations of the stations, the con-

ditions of insur

ance of stable round the clock radio communications in

the ultrashort wave range and also the presence of stable electric power
lines for the system transmitters had decisive significance.
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Figure 27. Geological
sections (a) and tempera-
ture curves (b) with
respect to the Alma-Ata
well (I) and the Novo-
Alekseyevskaya well (I1).

The provisional notation is
as follows

For a(II): 1 -- shingle,

2 -- gravelites, 3 -- sand-
stones, 4 -- clay,
argillites, 5 -- silty
clay, aleurolites, 6 ~--
clay with sand admixture,

7 -- clay, lime argillites,

8 ~-- carbonaceous-clay
deposits
Key:

1. group; 2. system;

3. depth; 4. lithologic
column; 5. thickness, m;
6. depth; 7. Cenozoic;
8. Paleozoic, Pz;

9. Paleogene, Pg;

10. Neogene N; 11.
Quaternary Q
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Table 5
060 (3) Kéopnxunu ( )Paecro-nu- MoKy CTaHUNRME, py
Craiuns | snavew
(1) '"‘(2) ) A Aafms T o [A-A] A U-A) K|y
(5) Temap 43°14,25' 77°13,55' 1200 - = 27 20 40 17 110 g;

T
o

(6) Qaepo 43 04,25 76 59,25 2060 = 27 . 24 B85 41 108
(7) Anva-Ata A=A 43 17,23 76 59,56 800 L%OO. 20 24 .- 91 23 94 13
L W' 2000 o
(8) Anu A 48 33,02 77 02,13 550 800 40 885 3% - 25 72 &
(9) Hoso-Anex- HeA 43 23.58_ %7 13,64 ‘700 1200 17 43 23 25 . 08 3

ceenckan o :

- (10)  Kyprw K 43 53,68 7y 20 650 -~ 110108 B84 72 88 . 108
(11) nNnaro n « . 1700 "~ 17 9 15 45 38 105 .
(12) Mptmeuanne, A = sucora wan YpODKeM MOpR, I« rayGuMa npuGopa B cxmawame,

Key:
1. Station 7. Alma-Ata
2. Notation 8. Ali
3. Coordinates 9. Novo-Alekseyevskaya
4. Distance between stations, km 10. Kurty
5. Talgar 11, Plato
6. Ozero

12. Note. h is the elevation above sea level, II -- depth of instrument
in the well.

53. Radiotelemetric Channel

In 1971 the laboratory of deep well observations began work on the
development of the equipment and the process for centralized recording of
signals. 1In 1972 V. G. Katrenko took the radio channel in Tashkent as the
initial one. The development ended with the construction of the radio-
telemetric test area of highly sensitive automated stations in 1972.

Later the equipment was improved significantly and a great deal of experience
was accumulated in its operation. Let us consider the individual assemblies
and units of equipment which are not series manufactured by industry.

For this purpose we shall use the materials of reference [37] in part.

The radiotelemetric channel includes the equipment at the transmitting and
receiving stations. The equipment makes it possible to input seismic

data to the communications channel for which the series radio relay RRS-1M
stations are used,
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Basic technical specifications of radiotelemetric equipment
(without a communications channel) are as follows)

Frequency band of transmitted seismic data, hertz 0,5-10
Dynamic range (without the communications channel),
decibels 60
Nonlinearity, % 50,5
Operating temperature range, °C from ~15 to
+40
Feed voltage (from storage battery), volts 12

The functional diagram of the telemetric channel is presented in Fig 28, a.
The basic links of the channel are as follows: a seismograph with pre-~
amplifier, an amplifier-modulator, transmitter, receiving radio station,
demodulator, low-frequency amplifier and recording device.

The SBU-V seismometers are used as the seismic converters in the deep~well
stations, and the SM~2M at the ground surface stations.

Amplifier-Modulator (UM). The UM module (Fig 28, b) is made up of the
amplifier, modulator and feed voltage stabilizer. The low~frequency
amplifier, to the input of which the seismic signal is fed after being
picked up on the preamplifier is a low-noise five~stage amplifier with
direct couplings between stations. It is encompassed by two loops of
common negative feedback which rigidly stabilize its parameters and shape
the frequency characteristic. For compensation of the characteristic of
the pendulum conversion, the transmission coefficient of the UM in the
frequency range of 1-10 hertz is inversely proportional to the first power
of the frequency.
Basic parameters of the amplifier:;
Input impedance, kilohms 8.2
Output impedance, ohms £600
Natural noise fed to the input, microvolts < 1
- Transmission coefficient with respect to voltage
(on a frequency of 1 hertz) 1000
Dynamic range, decibels % 70
From the amplifier output the signal goes to the frequency modulator which
transfers the seismic signal spectrum of 0.5-10 hertz to the frequency
range of 300-3400 hertz, that 1s, it modulates the telephone channel
frequencies of the radio station by the seismograph signals.

The frequency modulator is‘'a tunable multivibrator with separate functional
circuits which permits us to obtain a linear conversion characteristic in

a wide frequency band. The Tg-Ty input circuiis assembled by the system
with a common base are the capacgtor charge curi'ent generators. The
circuits with a common collector TlO’ le, T13, Tl& (the multivibrator
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- itself) play the role of the controlling switches. The multivibrator
frequency depends on the charge current developed by the input circuits,
and 1t is controlled by the output current of the amplifier,

Basic parameters of the frequency modulator:

Central frequency, hertz 1850+15
Frequency deviation, hertz €1600
Frequency stability, hertz 1.10-4
Output impedance, ohms 600

The frequency modulator signal of the amplifier modulator unit is fed
to the radio station modulator which takes the gignal to the ultrashort
wave band.

The ultrashort wave signal goes through the air to the receiving radio
station, from the output of the receiver of which the frequency-modulator
signal is picked up in the 300-3400 hertz band and it is fed to the
modulator-amplifier unit,

Demodulator (D). The basic purpose of the demodulator is conversion of the
frequency spectrum obtained in the receiving radio station (300-3400 hertz)
to the low-frequency spectrum of seismic information. Let us briefly dis-
cuss its operation (see Fig 28, c).

The demodulator is executed from five triodes and five diodes. The output
signal of the subcarrier frequency with an amplitude of 5-8 volts, similar
with respect to shape to sinusoidal, goes from the radio to the demodulator
input where a threshold unit of the Schmidt trigger type (Ty, TZ) converts
it to square pulses.

The shaped square pulses are differentiated; then they go through the C3, R
circuit to the slaved multivibrator (the triodes T3, Ta) which shapes the
pulses of constant duration and amplitude independent of the input signal
parameters. Only the frequency of shaping of the pulses determined by the
input signal frequency 1s a variable. Then the pulses go through the emitter
repeater T5 directly to the demodulator Dg, D6’ RlS’ CB'

The advantages of the described demodulator circuit are the following:
a) Economy -- the demodulator does not require a separate feed and is
connected to one power supply (a 12 volt storage battery) jointly with other

units of the channel;

- b) Absence of mutual effects between the channels and, as a consequence,
quite high noiseproofness;

c) Resistance overload, simplicity, reliability, a small number of parts.
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The low-frequency signal is fed from the demodulator output to the recording
equipment.,

Channel Calibrattons The problems of caltbrating the selamic equipment,
that s, determination of the frequency-amplitude and phase characteristics
of the seismic channel and also amplification of it have been investigated
fn many papers, for example, in [45) and other papers. The calibration of
the radiotelemetric channel has {1ts own gpecific characteristics,

Actually, on an ordinary sefsmic station all of the channel elements are
located in direct proximity to each other. 1In the radiotelemetric channel
the individual eclements are located at great distances, in particular, the
receiving and transmitting parts are several tens of kilometers apart. In-
asmuch as the transmitting radio station {s rigidly "tied" to the AC network
power supply, in the search for a "quiet" place it 18 necessary to remove
the seismometers to significant (up to 300-400 meters) distances. Simul-
tancously, in order to avold induction from the transmitter itself, the
preamplifier and the amplifier-modulator are moved there.

Additional difficulties occur when calibrating well channels, the selsmometers
of which are located in the wells at great depths and are connected to the
ground cquipment by long lines (the ~onstruction length of the serles-pro-
duced armored logging tables is about 3500 meters). The influence of such
long lines on the parameters of the entire channel must be taken into
account. Tn addition, at great depths (to 3010 meters) under high tempera-
ture conditions reaching 100°C, the seismometers change parameters. This
is taken into account by introducing the corresponding directions or
approaching the actual operating conditions to the maximum when calibrating
the channel. Inasmuch as the radiotelemetric channel is made up of seismic
and radio communications channels, the latter must be individually tuned
and adjusted before calibration in order to avoid its influence on the
seismic channel parameters.

Frequency Characteristic of the Channel. According to Fig 4, b, the
characteristic on the 0.7 level has a pass band of 0.8-7 hertz. In order
to compensate for the amplification of the gseismograph emf with an increase
fn frequency, an integrating cell is provided in the amplifying-recording
equipment (see curve 2, Fie 4).

When preparing the r}diotelemetrlc channel for operation when all of its
assemblies are Jocated on the central recording station, the frequency
characteristic of both the entire channel and its individual elements can
he picked up by any of the known procedures. When part of the equipment is
installed at the selsmic and data transmission point, the most convenient
for determination of the frequency characteristic of the entire channel as
# whole s the procedure for which the signal is fed from the generator on
various frequencies directly to the input of the coatrol coil whether it is
A pround seismometer or a deep well selsmometer. This procedure 1is con-
venfent for datly monitoring -~ feeding the signal of a constant amplitude
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magnetic generator (MGPA) to the auxiliary coil, it 1s possible to con=
trol both the shape and level of the frequency characteristic of the
channel operatively,

Tt I8 alwo possible to pick up the frequency characteristic of the amplify-
Ing and recording channel, feeding the signal from the generator to its
input. Then multiplying 1t by the frequency characteristic of the
seismometer and introducing a correction for the seismometer converter, we
obtain the frequency characteristic of the entire channel,

Channel Amplification. Under laboratory conditions, before setting up the
channel for operation, the amplification, just as the frequency character-
{atic, can be determined by various methods (for example, electrodynamically
or by the method based on direct measurement of the displacement of the
pendulum by a microscope [32]). Usually the recording of the frequency
characteristic and determination of the amplification both in the labora-
tory and in operation are handled in the same way. For determination of the
amplification by the procedure most convenient for an operating radiotele-
metric channel, first it is necessary to determine the sensitivity of the
amplifying and recording channel as a function of frequency, feeding the
signal from the generator to the input of the preamplifier. Here we
simultaneously obtain the frequency characteristic of the amplifying and
recording channel.

The amplification of the channel 18 calculated by the formula

v'SUZ"CRinput amplifier/l(Rinput amplifiertRyls

where S'Arecord/uinput' m/volt is the sensitivity of the amplifying and

recording channel equal to the ratio of the recording amplitude on various
frequencies_to the voltage fed from the generator to the input of the pre-
amplifier; U {8 the frequency characteristic of the seismometer for the
adopted damping coefficient D which 1s taken from the standard curves;

G 13 the electrodynamic constant of the seismograph coil; 2 is the reduced
length of the pendulum: Rinput amplifier is the input impedance of the

amplifier; Ry is the resistance of the operating coil of the seismograph.

Let us note that the values of the amplification of the same channel taken
by different procedures usually are quite close and do not differ by more
than 5 to 10%Z. Therefore the chofce of procedures is determined by the
arguments of convenience under certain specific conditions,

Controlling the Identity of the Receiving Parts of Radiotelemetric
Channels. This control can be realized by two procedures, The first
consists in the fact that one transmitting station is organized at the
central recording station to which all of the receiving stations are tuned.
Feedinp the voltage on various frequencies to the input of the modulator

(or scismometer) from the Renerator, it 1s possible to construct the
amplitude~frequency characteristics for each receiver ard then compare them.
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A'sccond, stricter and more objective procedure consists in tuning all of

. :the. recelving stations to any one transmitting station located at the

" selsmic data transmission point and recording identical seismic information
for some time from the same seismograph,

Channel Control., For operative control of the parameters of each channel

on the transmitting station, automatic feed of the control signal of the
HGPA to the control coil of the seismograph has been introduced. The
control signal makes it possible to determine the parameters of the entire
radiotelemetric channel and trace their stability. For this purpose the
circuit has been developed (see Fig 28, d) for automatic feed of the control
signal. The control signal from the MGPA is fed to the control coil of the
seismograph through a potentiometer by means of which the required amplitude
of the control signal is established. The circuit diagram of the MGPA
[constant amplitude magnetic generator] contains a rectifier, a time relay
P, servorelays P2, Py and the electric motor D, the shaft of which is
installed coaxially with the shaft of the MGPA, and both are connected to
each other by a spring coupling.

On closure of the contact K of the alarm of the Slava electromechanical
clock, the relay Pl is connected through the normally closed contacts to
the relay P2, and the electric motor spins the MGPA. After 10 to 12 seconds
== during this time the frequency of the MGPA reaches 10-15 hertz -- the
relay P; is switched on, and the power f{s disconnected from the electric
motor, simultaneously connecting the output of the MGPA to the control coil
of the seismometer through the contacts of the relay P4. This relay
remains connected until the contact K of the alarm on the clock is broken
(approximately 2.5-3 minutes). The duration of the control signal is

1-1.5 minutes. The power supply for the circuit is realized from the oower
supply unit of the RRS-1M radio station (12 volts DC and 127 volts AC).

§4. Equipment of the Central Recording Station

At the Novo-Alekseyevskaya central recording station, after demodulation
the seismic signals are recorded in two modes: continuous and slaved.

Continuous Recording. The recording is made by a pen recorder, and it is
basically a display. It permits observation of the seismic regime, opera-
tive determination of the directions of the sources of distant earthquakes
and the coordinates of the centers of nearby earthquakes. The direction of
the source can be determined without interrupting the recording several
minutes after recording the first wave of the earthquake, In addition,

the display recording permits continuous control of the operation of the
stations, the noise level, and so on.

For continuous recording, the RV3-T visible recorder is used in which power
amplifiers have been utilized which were developed at the Earth Physi:s

Institute of the USSR Academy of Sciences (Fig 28, e). The amplifiers are
assembled from five triodes in a circuit with galvanic coupling and
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symmetric emitter repeaters at the output, In order to insure stability
of the parameters, the amplifier is encompassed by two common and two
internal negative feedbacks, and it hag five positions for manual regula-
tion of the gain (6 decibels each).

Basic parameters of the amplifier:

Maximum amplification coefficient with respect to

voltage 800
Minimum input impedance, kilohms 9
Output impedance, ohms 50

Structurally the recorder contains four amplifier modules loaded on the

pen recording heads with a resistance of 800 ohms and a resonance frequency
of B hertz. Inorder to record the signals from the radiotelemetric system,
each unit of the.amplifier also has demodulators mounted in it. Instead of
a collectorless NC motor, a DSM electric motor is used to wind the paper
tape. It is fed from the 220 volt network. The power supply for the
demodulators and the amplifiers comes from the same 12 volt storage battery,

Slaved Recording. The slave recording system organized at the central
station makes it possible to record only the useful events, the recording
of which is uged for basic processing of the materials, analysis and compar-
ison of them.

The four-channel slaved recording system was first organized on the basis

of the device with magnetic memory developed and manufactured by the special
design office of the Earth Physics Institute of the USSR Academy of Sciences.
However, the significant deficiencies discovered when checking out and test
operating the equipment led to the necessity for significant alteration and
improvement of fits assemblies and units. The specific peculiarities

connected with the multichannel radiotelemetric recording led to the develop-
ment and manufacture of a special analysis and switching unit, A description
of the slaved recording system is presented. ‘

The basfc elements of the system are the analysis and switching unit and
the magnetic recorder.

Analysis and Switching Unit. This unit switches on any of the recorders
(one or several simultaneously) on appearance of a useful signal confirmed
by three radiotelemetric channels and it disconnects the recorders when the
signal intensity drops below the given level with respect to all three
chaanels. The circuitry of the unit (Fig 29) includes a control panel,
threshold circuits, logical filters, disconnect relay, connect relay,
servorelays, selector circuits, and comparison circuit. Let us briefly
consider the operation of the elements of this unit,

The threshold circuit is made up of matching stages executed from the T1-Ty

triodes and the Tshl—Tshz Schmidt triggers. It 1s used for shaping
Square pulses at the output in the presence of the seismic signal at the
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input exceeding the given level, The regulation of the response
threshold 1s realized by the RI-R3 potentiometers,

The logleal filters which generate the instruction to awitch on are
executed from triggers connected by the counting circuit in such a way that
the triggers Tgj, Tgg, Tgg are set to the one condition when four start
pulses arrive from the threshold circuit (which corresponds to four periods
of the input signal). The =10 volt level is taken as the ones condition.
Thus, the filters filter out ones noise.

The disconnect relays periodically clear the logical triggers of the filters
in order to erase false information. This information is stored by the
logical filters on random arrival at the threshold circuits of signals

- exceeding the given response threshold. The disconnected relay is made up
of the trigger TglO‘ the time relay based on the triodes Tg and T7 and the
P; relay. On appearance of the pulse from the threshold circuit of any
channel and passage of it through the OR collecting circuit (Ts, Dlo'D12)
the trigger Tglo is set to the ones condition, it starts the time
relay and after 10 seconds the P; relay is switched on, through the contacts
of which the clear signal is fed on closure to all triggers of the circuit,
including Tg)g. The signal light L; indicates the passage of a single or
periodic signal the given level through one or several channels. On clear-
ing, the entire system is initialized, and the 1light burns. With the arrival
of a single signal the operating cycle repeats. This condition of the cir-
cuit is slaved even in the presence of a regular signal at two diodes
simultaneously. ~

The switching on relay closes the circuit of the servorelay IR in the
presence of a signal at the outputs of all of the logical filters simul-

_ taneously and it disconnects IR after diappearance of the control signals
from the threshold circuits. The switching on relay is made up of the
trigger Tgy), the time relay Tg-T;, and the relay P;. On arrival of a
regular signal above the given level at all three inputs, the threshold
devices develop the start pulses of the triggers of the logical circuits
with frequencies equal to the frequencies of the incoming signals. After
passage of four oscillation periods along each of the channels, the triggers
Tg3, Tggs T8g flip to the ones condition and thus switch on the comparison
circuit (T4, Dy3, Dyg). The signal passing through the comparison circuit
teips the trigger Tgy; which leads to response of the relay Pz which by
one of its contacts includes the servorelay IR, and the other, the preset
input 2 of the trigger Tgy; to the output of the OR circuit.

In this mode the trigger Tgy; is periodically initialized by the clear
signal from the disconnect relay and it is again set to the ones condition
by the input signal of any other channels. The relay Py will stay in the
on state until the input signal level falls below the threshold value on
all channels. After disconnection of the relay P, the recorders are
disconnected, and the connect relav again connects only to the output of
the comparison circuit. The system goes into the slaved regime.
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[Key to Fig 29, precedlng pagel:

1. Channel 1 6, Tges:
2, Channel 2 7. Tsh «4,
3. Channel 3 8. Input 1
4. control panel 9. Input 2
- 5. to the recorder 10. Input 3

11. to the recorder control
12, Common

13. =12 volts

14. +10 volts

The control panel contains the potentiometers regulating the connect
level, a control light and the switches M and Iy, The switch “1 is

used for selective connection of the required channel when adjusting the
connect level. In the fourth position, all three channels are connected
to the module. The switch makes it possible to perform stepped variation
of the amplification of the channels by two or four times.

The power supply for the unit comes from a DC voltage -12 volts source.
In order to feed the circuits with a bias voltage of 12 volts an internal
power supply is provided in the unit which is made up of a square pulse
generatur, rectifier and filters.

Magnetic Recording. The magnetic recording is organized on the basis of
the four-channel station for recording surprise phenomena TEAC SR-2101C,
operating in combination with the TEAC R-351F reproduction tape recorder
(built by the Japanese Company TEAC).

Basic technical parameters of the TEAC station:

Magnetic memory time, sec 30
Number of operating channels 4
Amplitude of the input signal, volts +1
Amplitude of output signals, volts +1
Frequency band, hertz 0-25
Dynamic range, decibels . 40 .
Tape speed during recording, cm/sec 4.75

\ Operating temperature range, °C 0-40
Intake power, watts 700
Feed voltage, volts 220
Recording principle frequency

modulation

Basic parameters of the TEAC R-351F reproduction unit:

- Tape speed, cm/sec 9.5; 19 and 38
Output signal amplitude, volts +1
Number of channels 4
Dynamic range, decibels 40
98

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5

FOR OFFICIAL USE ONLY

Output impedance, ohms 600
AC power supply, volts 100
Frequency band, hertz 0~300

One of the channels 1s used for recording and reproducing voice from a
microphone, The starting and atopping of the tape drive mechanism to

record data with continuously rotating drum for the magnetic memory on
magnetic tape is accomplished by a starter which controls the analysis
and slaved recording connected unit,

Let ng discuss the operation of the station for recording surprise

phenomena. The input signals with an amplitude of +1 volt go from the

RV3-T amplifiers through the emitter repeater to four recording amplifiers
- which convert the analog signal to a frequency modulating signal with a
mean modulation frequency of 250 hertz, From the recording amplifiers
the signals go to magnetic heads. The information is recorded on a con=-
tinuously rotating magnetic drum., A stable frequency from a quartz
oscillator 1s also recorded on the drum. A fifth signal is used for
compensation of the knocking of the tape drive mechanism. After rotation
of the magnetic drum by 330° (which 18 30 seconds with respect to time)
the information is read by the reproduction heads, it goes to the reproduc~
tion amplifiers, then it 1is demodulated, filtered, and fed to the four out-
puts of the magnetic memory unit with a time delay of 30 seconds from the
time of arrival. Then the information that is delayed in time goes without
transformation of amplitude and velocity to four recording amplifiers of
the unit for automatic storage of the information where the analog voltage
is again converted to a frequency modulated signal with a mean carrier
frequency of 4 kilohertz. This signal 1s fed through the recording heads
to the magnetic tape.

On arrival of the record instruction from the start-stop starting unit,

the tape drive mechanism is switched on, and information about the event

is recorded on the magnetic tape with the 30-second delay. In the informa-
tion storace element there 1s one amplitler for reproduction of the s1isnal
from the magnetic tape which offers the possibility of channel by channel
reproduction of the recorded information for monitoring or copying on

other recorders.

The distinguishing feature of the magnetic memory module is the fact that
the drum with the head is placed in an o1l bath in which a constant tempera-
turce Is maintained hy using a thermostat, as a result of which constant
viscosity of the oil is insured. Therefore the clearance between the
magnetic drum and the heads formed as a result of the oil film is strictly
constant. For recording, a type 10 magnetic tape 6,3 mm wide is used.

The cassettesinstalled on the recorder hold 375 meters of magnetic tape
(it is possible to install cassettes with a 100G-meter capacity). Depend-
ing on the seismic activity of Alma-Ata, during one period or another

this amount of tape will be sufficient for from 4 to 8 days. The number
of recorded useful events reached 30-40 on the average.
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The R=351F reproduction tape recorder is analogous with respect to
circuitry and parameters to the tape recorder which is part of the record-
ing station for surprise phenomena with the exception of differences in
the speeds at which the magnetic tape is driven,

The slaved recording system based on the station for recording surprise
phenomena is reliable and will operate stably for several years.

Time Service. One of the basic advantages of the centralized recording
system is the single time service permitting significant increase in
precision of all of the instructions.

In order to feed the time signals to the central recording station, the
PKCh-2 type electronic quartz clocks are used, In connection with the
fact that the correction for the daily running of the clock does not
exceed +0.1 seconds, there is no necessity for introducing it. This has
significantly reduced the primary processing time of the seismograms.

The circuit for forming the minute time marks with the application of a
quartz clock differs from the analog circuit using chronometers, and it
has a number of advantages. In particular, eliminating the electro-
mechanical relays increases the amplitude and shape stability of the time
marks. This is explained by the fact that the parameters of circuits

with weak currents which are commuted by mechanical contacts depend
sharply on the surface state of the contacts themselves. In additionm,

the given electronic circuit permits superposition of several second
pulses on the display seismogram at the time of disconnection of the
slaved recorder. The presence of such pulses indicates that an earthquake
has been recorded on the magnetic tape, and it permits accurate establish-
ment of the times it was switched on and off.

Let us describe the operation of the circuit for shaping the minute marks
(Fig 30, a). The minute pulse signals from the PKCh-2 go through the
switch B, to the time mark pulse shaper, from the output of which Tg

the pulses go to all of the RV3-T amplifiers. The transmission of the
marks is controlled by the ! ght Lj. For recording the exact time radio
signals they must be fed from the radio receiver to the input of the
shaper using the switch Bj.

In order to plot several second marks on the display seismogram, which

are required for coordinaiing the recording on the slaved recording
magnetic tape, the relay P} is used which controls the contacts of the
servorelay of the analysis and slaved recording connect module through the
Ty transistor.

The minute marks are simultaneously plotted on the display seismograms
and on the slaved recording magnetic tape, Each slaved recording seismo-
gram contains at least one minute mark by which after reproduction on
photographic paper 1t 1s coordinated with absolute time.
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Figure 30. Schematic diagrams of the shaping of the minute (a)
and 10 second (b) time marks

Key:
1. from PKCh-2 8. from the slaved recording system
2. from the receiver 9. 12 volts
- 3. minutes 10. from the PKCh-2

4. seconds 11. minutes

5. +10 volts 12. seconds

6. to the RV3-T 13. common

7. 100 milliseconds 14. +10 volts

- 15. =12 volts
16. to the RV3-T, 100 uilliseconds

The 10-second time marks from the quartz clock are plotted also on the
magnetic tape with respect to one of the channels. The circuit (Fig 30, b)
includes the decimal counter and the time mark shaper. The decimal
counter {s made np of four triggers of the two-input comparison circuit.
It realizes division of the repetition frequency of the second pulses
coming from the PKCh-2 by 10. 1in order to eliminate summation of the
error when there is a fatlure of any of the triggers, a clear signal 1is
tnduced on the preget input of all the triggers from tha PKCh-2 minute
output. FEach tenth second pulse starts the slave multivibrator which
generates the pulse lasting 100 milliseconds and amplitude of 12 volts,
which 1s then fed to the corresponding RV3~T power amplifier.
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Reproduction Equipment. The TEAC R=351F reproduction unit combined with
two oscillographs and the ChISS [frequency selective seismic station)
filter circuit is used to reproduct the recorded signals from the slaved
reqprdtng magnetic tape,

Table 6
oF DNemoa] : t
:::rm\- n Ry hf- fiponsa. Colic- Pae |Mn
Oventnn | #0570 | 1% | 11pare | KaSon | Momyn | 10p= | BES= wo- | Aurem| awo-
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XN
D) o2} 3 | @) §5) | 6) | ovem) | Y [a0) i) (2
- (13hec 1728 - M1 - - 914 = - 2% 25/40
(14) Amis-Ara 4718 8/31 - < €/20 . 2/8 311 28 -
¢y Temap 6/21 414 - 27 3 - 11 - U -
{133 compo 8/47 6/38 - .16 16 . = - - -
(7 12/36  2/6 - w3 w6 - 617 aM2 W8 - 4
Key:
1. Station

2. Absence of electric power for transmission
3. Transmitter
4. Receiver

5. Cables 13. Central recording station
6. Modulator 14, Alma-Ata

7. Demodulator-amplifier 15. Talgar

8. Preamplifier 16. Ozero

9. Seismograph 17. Al

10. Antennas

11. Radio interference

12. Metrologic amplifier

Note. The number of failures is indicated in the numerator, the percentage

fallures for a given cause are indicated in the denominator.
The shutdown of equipment for preventive maintenance operations,
changing power supnly, improvement of the equipment, and so on,
were not taken into account in the table.

The cassettes with the magnetic recordings obtained on the recorder are
reproduced on the R-351F module with copying on the oscillograph photo-~
tape.

The marking of the event consisted in recording the earthquake -~- dates
and times -- before each earthquake. The recording is made by the head
through a microphone. Then the cassette is placed in a film holder for
long-term storage and a lehel 1s attached to it with indication of the
location of each event (meters), its duration and the number of the
RV3-T display tapes where it was recorded.
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The filter module of the frequency-selective station (ChISS) [33] is
made up of a set of octave resonance filters with damping steepness on

to the ChISS input, and the POB-12M oscillograph is connected to the output,
Some of the frequency characteristics of the filters are depicted in

- Fig 4, b (the pass bands of the channels are plotted on the 0,7 level
as a function of amplitude on the regonance frequency).

Analysis of the Operating Reliability of the Equipment., It appears gig-
nificant to estimate the operating reliability of the equipment of the
radiotelemetric system. For this purpose a study was made of the causes
of failure of the equipment of the basic automated stations and the
central recording station. The results of this analysis are presented in
Table 6.

From the table it is obvious that for automatic stations the basic cause
of equipment failure was loss of power supply at the transmitting stations.
At the Ozero station located at an altitude of about 3000 meters, this
loss of power occurred 8 times, which is 47% of all the failures. For the
Alma-Ata and Talgar stations this figure is 15 and 21% respectively., The
failures because of the transmitter at the Alma-Ata and Ozero stations
occurred in 8 and 6 cases (31 and 35% of all the failures of the station).
| The next cause of equipment failures is failure of the modulators. It
18 true that their fatlures pertain to the initial phase of operations.
The preamplifiers operate in practice fail-safe. During a 4-year record-
ing period, the failures for this reason occurred twice at the Alma-Ata
station and 3 times at the Talgar station. The Alma-Ata Well station
failed 3 times because gt the seismograph, but this also pertains to the
initial stages of the operutions. The Alma-Ata and Talgar stations failed
2-3 times each as a result of breaking of antennas -- basically in the
winter under high wind conditions. The recording was disrupted once or
twice each during powerful thunderstorms in the summer.

The failures of the central recording station are connected with the
absence of electric power in 28% of the cases and radio interference in
407 of the cases. The latter were caused by the presence of transmitters
near the ceatral recording station operating on very low frequencies. The
failure of the receivers accounted for 11% and as many demodulators also
failed.

Analysis shows that in order to increase the operating reliability of the
radiotelemetric system it is necessary first of all to insure reliability
and provide a stationary power supply for the transmitters and the
receivers,

55. Equipment for Controlling the Tayga Recorder during Tricomponent
Recording of Earthquakes in the Slaved Mode

The Tayga recording station s designed to record explosions in the
slaved mode.
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The Joint use of explosions in earthquakes not only significantly lowers
the cost of operations, but it also makes it possible to obtain a more
cﬁmplete idea about the environmext, The majority of the recording
s8tatlond designed to record earchquakes on magnetic tape (for example,

» Zemlya and Cherepakha) operate in the stationary regime. At the same
time the recording of the earthquakes in the slaved modes significantly
simplifies and reduces the cost of the observation equipment in the field
and the processing of the materials, It also permits improvement of the
quality of the material by using less economical equipment having the
best parameters.

In order to study *he polarization of seismic waves caused by earthquakes,
materials were used which were obtained by the Tayga recording station
installed at the Talgar seismic station.

In this section a description is presented of the control equipment. The
possibilities of the application of analogous sets for profiled and area
- earthquake recording systems in the slaved mode are discussed.

The tape drive mechanism of the Tayga recorder was switched on by the
radio channel by using a circuit specially developed for this purpose.
The additionally manufactured devices noted the time the tape Jdrive
mechanism was shut down after recording the earthquake on the magnetic
tape and its end by the signals on the visible recording tapes of the
central recording system. Changes were introduced into the circuitry of
the recorder and the Tayga station reproduction equipment, and the
necessary changes were introduced for improvement of the quality of the
received material.

Contvol Circuit for the Tayga Recorder. The Tayga recorder located at

the Talgar automated transmitting station of the Alma-Ata radio tempera-

ture test area is connected over the radio channel to the Novo-Alekseyevskaya
central recording stacion (see Fig 31, a).

The control circuit operates jointly with the circuits for analysis and
switching on the slaved recording of the central recording station. The
operating principle of the control circuit consists in logical summation
over two channels of the Ali and Ozero stations. The control signals are
the voltages from the terminal amplifiers of the RV3-T visible recorder
operating in the continuous mode. The response of the circuilt takes
place on arrival of the first negative halfperiod over any of the two
channels with an amplitude exceeding the given threshold which is regu-
lated within the limits from 0,4 to 8 volts. The operating state of the
circuit is maintained for the time necessary to analyze and switch the
slaved recording in the case of a useful signal. If the module does not
respond, the circuit returns to the initial position, In the case of a
useful signal, the analysis and connect module keeps tha circuit on to
the end of the earthquake, .
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: The recorder control eircuit is made up of two threshold circuits
(Schmidt triggers) Ty, To, T4 and Ty» to which the input signal 1s fed
from the conneet level potentiometers Rj» R,y The shaped square pulses
£it the trigger Tgy through the OR circuit 63, D6’ Te. As a result, the
relay Ry i~ included through the contacts of which tge voltage is fed to
the call circuit of the RRS-1M radio station where the transmitter
generates the service signal and transmits 1it.

In the receiver of the radio located at the point of installation of the
recorder, the service signal causes the appearance of a voltage in the
call buzzer circuit. This voltage is fed to the recorder to feed the
motor of the tape drive mechanism,

Simultaneously with inclusion of the relay Py, fast charging of the
capacitance C4 takes place. In the case of a false inclusion caused by
seismic or radio noise, a clear pulse goes from the analysis and slaved
recordings connect module through R 55 Dy to Tgl, and the circuit returns
to the initial state after a defineé time given by the Ry3, CA circuit.
Tf there is a useful signal, the P relay does not disconnected. 1In this
case its contacts are also blocked oy the contacts of the P3 relay of the
module for analysis and inclusion of the slaved recording of the central
recording station.

Recorder Inclusion and End of Magnetic Tape Mark Circuits. Short (5-6 sec)
sinusoidal signals are fed to the radiotelemetric channel with subsequent
recording on the RV3-T continuous recording display tape to mark the
inclusion of the recorder (just as to mark the end of the magnetic tape).

The schematic diagram of tha marking of inclusion of the recorder 1is
presented in Fig 31, b. A sinusoidal generator is assembled from the
transistor T;. The magnitude of the fed signal is adjusted by the
potentiometer R1 + The time relays T4y T, connect the output to the
control coil of the seismograph for a defined time. In turn, the time
relay connected to the recorder control circuit is controlled by the
contacts Pl.

The end of magnetic tape marking circuit (see Fig 31, c) differs from the
= described inclusion mark circuit (Fig 31, b) only by the time relay con-
trol which realizes the photodiode autostop D, TS‘

Changes in the Tayga Equipment, During the operation of the Tayga equip-
ment difficulties arose with the reproduction of the information. In
accordance with the technical specifications, the reproduction level was
30-300 microvolts which with lowered quality of the tape is commensurate
with fts natural noige.
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Figure 31. Schematic diagrams of the Tayga control stations:
a -= recorder control; b -~ recorder inclusion mark; c -- end

of magnetfc tape mark
Key:

l. Toput 1, input 2; 2. +19 volts; 3. +12 volts; 4, analysis module;
5. to the recorder fnclusfon mark circuit; 6. clear; 7. from the
end of magnetic tape mark circuit; 8. LPMetape drive mechanism:
9. RRS-1M; 10, RES-10; 11. to the recorder control circuit;
12. to the seismograph control coil; 13. to the recorder control
circuit; 14. to the seismograph control coil
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Figure 32. vVariations in the recording amplifier circuit (a)
and the reproduction amplifier circuit (b) and one

of the versions of the control of the Tayga station
complex (¢)

Key:
1. to the collector T 7. recorders
2. MP42B 8. dispatch panel
3. 5 volts
4, G3

5. to the collector T
6. to the base T9

The low level of the reproduction signal is explained by the unsuccessful
selection of the recording method (pulse-frequency modulation) and the
terminal stage circuit of the recording amplifier of the recorder. The
short pulses recorded on the tape, especially on the low carrier frequency,
give many harmonics on renroduction which Rreatly distort the shape of the
signal. This leads to the appearance of false pulses. The constant
component of the current flowing through the head during the recording time
accompanies the high noise level of the i1m on reproduction. Finally,

the single-pole- method of recording {tself artificially lowers the
efficiency of the output of the magnetic carrier by 502Z.
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The changes introduced into the record amplifier circuit (Fig 32, a) and
the reproduction amplifier (Fig 32, b) made it possible: a) to replace
the PFM method by the FM method (which significantly improves the shape
of the reproduction signal); b) to exclude the permanent magnification
¢) to make a dipolar recording without returning to 0. As a result, the
amplitude increased to 1,5 millivolts on reproduction (the recording
current is the same)., With quite good shape, excluding false pulses

(noise), the tape noise was reduced by 2 times, and the signal/noise ratio
increased by 6-8 times,

Theoretically the method of recording the seismic signals (earthquakes or
explosions) by the Taypa recorders in the slaved mode can also be used
during profile and area observations required to solve different problems,
including the study of exchange transmission waves. In this respect the
developed Tayga automatic recorder control system is the initial step.

.The proposed control system for the set of Tayga recorders can be vepre-
sented in the form shown in Fig 32, c. The network of primary ("alert")
radio stations AL, A, A3 and A,, which are simultaneously transmitting
stations of the radictelemetric test area transmits the signals of the
first arrivals of the seismic waves at the central station A of the
dispatch panel. These signals go to the control circuit C which generates
the signal for inclusion of the transmitter B of the dispatch panel
including all of the recorders with respect to the internal radio network
of the set of Tayga equipment (1, 2, 3...) which are inside the loop
formed by the radio stations Ap, Az. A3. Ak' The number of recorders
and their mutual position depend on the problems to be solved.

§6. Means of Improving Radiotelemetric Equipment

The experience accumulated during scveral years of observations at the
radiotelemetric test area makes it possible to indicate the paths of
improving the radiotelemetric equipment. The problem basically reduces
to expansion of the dynamic range and increase in informativeness of the
radlotelemetric channel, that is, multiplexing of the communications
channel.

Dynamic Range. The dynamic range of the radiotelemetric channel is

60 decibels. The recording system (display and in slaved mode) used at
the present time makes ft possible to realize no more than 40 decibels.
Tnasmuch as the channels of the telemetric recording system are tuned to
the reception of the weakest earthquakes exceeding the level of the
seismic background at the ifnformation transmitting point by no more than
35-40 decibels, all of the stronger earthquakes are unreadable on the
scismograms., In addition, when recording strong signals there are
restrictions in the converting elements of the equipment and strong non-
li{near distortions appear on the recording.
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In order to expand the dynamic range of the equipment used, experiments
were run to develop automatic gain eontrol at the input of the amplifying-
transmitting channel.

Let us consider some of these cirecuits,

The two-channel two-level recording circuit is depicted in Fig 33, a.
Its dynamic range can reach 80 decibels, the earthquake recordings are
clear, and they respond conveniently. The operation of this system is
simple. A deficiency 1s the necessity for continuous recording on two
channels, which leads to high consumption of paper and also involves
additional equipment (modulators, demodulators, recorders). If the
indicated deficiencies do not play a significant role, the system can be
used effectively for operation of the radiotelemetric channel.

The stepped gain control circuit on nne recording channel is included in
the transmitting spaces between the preamplifier and the modulator

(Fig 33, b). When the signal reaches a defined magnitude, it 1is attenuated
by the divider Rys R2 in the given ratio and 1t goes to the modulator
input. The advantages of the system include simplicity and reliability

of operation,

The deficiency is the transmission process at the time of switching from
one level to another, the duration of which is two or three periods of the

. seismic signal. This can complicate the processing of the recordings some-
what.

The amplification regulation system with a common modulator and separate
modulator amplifiers (Fig 33, ¢) 1s a compromise by comparison with the
first two versions. Here on switching from one level to another the
transition processes are several times shorter with respect to duration
(no more than one period), and they are smaller with respect to amplitude,
for the switching takes places after the amplifier. '

In the investigated procedures the control of the switches Kl and K

is realized by the control circuit (Fig 33, d). The circuit is assembled
from the transistors Ty=T,. 1Tt is a threshold element and 18 connected to
the output of the preamplgfier or to the output of the modulator amplifier.
The rest of the circult performs the function of a time relay. The
potentiometer Ry regulates the switching level, and Ry1 regulates the

time for returning to the fnitial state (recording on the basic level).

The circuit feed is common with the amplifier-modulator module.

The accumulated experience of 4 years of operation of the seismological
radiotelemetric test area for the automated stations demonstrated a number
of theoretical advantages of such systems. They include the following:

a) Operativeness; data on earthquakes (direction of the source for

distant earthquakes and position of the center for nearby earthquakes) can
be determined a few minutes after arrival of the first wave;
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Figure 33. Block diagram of the two-channel two-level recording
(a), stepped automatic gain control with respect to
one channel (b), automatic gain control with the common
modulator and separate amplifiers (c) and a schematic
diagram of ,the switch control (d).
C -- seismograph; ny-- preamplifier; M -~ modulator;
Y -~ amplifier; Y¥ -~ amplifier-modulator; CYK =~ switch control
circuit; A --demodulator; Kl' Kz -~ gwitches; I' -~ galvanometer
Key:
1. RRS-1M
2. {input
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b) High precision of all constructions as a result of a united time
service and high scanning apead of the oscillograms obtatned by the
slaved recording gystem;

¢) Economicalness of operation and maintenance, The stations operate in
the automatic wmode, and the entire test area is serviced by three co-
workers,

The improved equipment and the developed procedures and techniques for
multichannel stationary radiotelemetric information transmission on
satisfaction of the required conditions of stability of radio communica-
tions and reliability of the power supply can be used as the basis for

I area observation systems. Nevertheleass, it appears expedient to improve
the equipment further in order to:

a) Increase the dynamic range of the recording;

h) Multiplex the communications channels for transmission of the signals
of the tricomponent seismometer setup over one radio channel;

¢) Increase the noiseproofness of the system;

d) Improve the slaved recording system for remote earthquakes for
regional research;

e) Develop economical receiving and transmitting units which insure
autonomous station records in the absence of an AC network.
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CHAPTER IV. FIELD DATA' AND PROCESSING PROCEDURE

The observations in the radiotelemetric test areas with automatic stations
are beginning to be used at the present time in different seismological
research [61-63]. The experience and the results of 4 years of operation
of the Alma-Ata test area is of procedural interest in this connection.

In spite of the fact that the study of the seismicity of Worthern

; Tyan'-Shan' has been the subject of wany studies [9, 12, 26, 30, 471,

' the activity of the local section of Alma-Ata and its environs has been
Inadequately studied. This is explained to a great extent by the quiet
of the seismic activity characteristic of recent years in a given area.
The deep-well seismology and radiotelemetric recording system have opened
up theoretically new possibilities of discovering and studying weak local
earthquakes. The observations of local earthquakes (the values of t -p
at the Talgar station do not exceed 10 seconds) are providing new in?orma—
tion on the peculiarities of the seismic characteristics of a territory
of more than 18,000 km2 with Alma-Ata at the center.

§1. Operation of the Test Area and Characteristics of the Data Obtained

Statfion Operating Times and Characteristics, In the creation of the Almag
Ata radiotelemetric test area of automated high-frequency stations it is
possible to distinguish two stages. The first stage is connected with

the introduction of two automated stations in September 1971 -- the
Alma-Ata deep-well station and the Talgar ground surface station. The
second stage begins in March 1972, and {t 18 connected with the introduc-
tion of the third Ozero ground surface automatic station. Since that time,
which is taken as the beginning of operation of the test area, the Talgar,
Alma-Ata and Ozero stations have in practice operated continuously. In
this paper a study is made of the ohservation data obtained up to June 1976.
During this time all three stations operated simultaneously for about

1500 days. From the end of May 1973 the fourth automatic well station of
the Al{ test area began operations. The signals from these stations were
recorded continuously on a display seismogram, and they were recorded by

a slaved recording system on magnetic tape (beginning in July 1973). The
centralized recording data of the four automated stations were the basic
initial data for studying the seismic characteristics.
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Key:
1. station 11. Alma-Ata
2. operating time 12. Talgar
3. date, month, year 13. Ozero
4, No of days 14, Al
5. recording time 15, Novo-Alekseyevskaya
6. No of days 16. Plato
7. % of the calendar work days 17. Kurty
8. time of simultaneous 18. from
operation of 3 or more 19. to
stations

9. No of days
10. 2 of recording days

The observations at the Novo-Alekseyevskaya central recording station

in the well and on the surface were of an experimental nature. The
temporary mobile stations, Plato and Kurty, functioned for a short period
of time: the former, for a month, and the latter, about 3 months. They
were used to test various observation conditions.
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The information on the operating times 6f the different stations and the
recordizg times of each of them are presented in Table 7. It 1s indicated
there how many days each of the stations made recordings simultaneously
with two or more stations of the system. The recordings of no less than
three stations are required to construct an earthquake epicenter and
determine the depth of the center,

From the table it is obvious that the recording time on each of the
reference stations was no less than 92% of the total number of calendar
work days,

The quality of the recordings was good ‘on the whole although at the
different stations of the test area it differs somewhat. The Ozero station
is characterized by better quality of recordings, for it has maximum
sensitivity and is closest of all to the regions with increased density
of the epicenters. More than 15% of all of the earthquakes are recorded
only by it and not by other gtations of the system. The Talgar and Ali
: stations which are similar with respect to sensitivity are characterized
by identical recordings with respect to quality which are somewhat inferior
to the Ozero station, During the daytime the Alma-Ata station has the
- lowest sensitivity. This is connected with the fact that even at a depth
: of 1000 meters here the vital activity of the large city does not stop
being felt. At nighttime the recordings of this station are comparable
with the recordings of the Talgar and Ali stations. The increased noise
background level at the Alma-Ata station frequently leads to a reduction
in accuracy of noting the time of arrival of the P-waves on the recordings
of weak local earthnuakes.

Examples of the display seismograms of local, ne..rby and distant earth-
quakes recorded by the basic stations of the ter: area are shown in
Fig 34 (see also §5).

Local Earthquake Recording Data. During 4 years of operation of the test
area, the automatic gtations recorded more than 18,500 earthquakes =~
distant, nearby and local. 1nasmuch as the main problem was to study the
selsmic characteristics of the local area -- the vicinity of Alma-Ata,
primary attention was given to recording earthquakes with ty_psl0 seconds
which we shall provisionally call local earthquakes hereafter. In Table 8
data are presented from the recordings of all of the stations with

ts_p€10 seconds 11lustrating the operation of the radiotelemetric system
a?ong with information on the local earthquakes,

If we take the number of earthquakes recorded by the Talgar station as

100%Z, then, as ig obvious from Table 8, the first 2 years (1972-1973)

the system recorded 92-98Y of the local signals (earthquakes and explosions).
In subsequent years (1974 and 1975) this index rose to 112-1242.
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Figure 34, Examples of recordings by the test area statfions of
local (a), nearby (b) and distant (¢) earthquaken

1. 24 May 1973; 2. Talgar drifce; 3. Alma-Ata well; 4. 0Ozero;
5. All well; 6. 3 Julv 1973; 7. Talgar drift; 8. Plato.
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Key:
1. Station or system 15. SzhR
2. Group attribute 16. Recorded from June 1973
3. No of signals 17. RTS
4. June-December 1972 18. Medeo
5. January-June 1976 19. Kotur-Bulak
6. June 1972 to June 1976 20. Kapchagay
7. Earthquake and explosion 21, Other stations
8. Talgar 22, Total number
9. Recorded 23, Explosion
10. Skipped
11. RTS
12, Skipped during adjustment period
13. Ozero

14, Recorded only by this station
Note. The number of the signals 1s indicated to the left of the slash,
and the percentage of the corresponding number of signals recorded

by the Talgar standard station 1is indicated to the right of the
slash.
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On the whole, during the entire investigated period the RTS recorded

73 more signals than the Talgar station, The interruptions in operation
of the RTS are connected with loss of electric power, thunderstorms,
replacdment of tapes, preventive maintenance of the equipment, and so on
(sce Chapter IV). The number of missed recordings as a result of
interruption of recording was reduced as operating experience was accumu-
lated from 11-16% in 1972-1973 to 0-0.4% in 1974-1976 with an average of

b, 4%, .
KonuyoeTno 3anicanMbix aemnerprcetit W NMOCTPOSHNLIX Table 9
(¢9) (2 DIHUEHTPOD
Npuanax WioH 10 fHOOPL- ‘{%‘:2 re
rpymnsl xaGpb 1973, {1074 7. | 1075 1 :.'09“7"6 o, | wons
19(73% To (l‘) ‘11976 !‘.(5)
(6) 3amcano PTC
64 156 217 183 72 892
(7) Mocrpoen BNHLERTP
3 127
(8)Tlo noym cran= 18 47 B
UMAM 136
39 31 11
(9) Mo Tpem 21 ag 42 24 14 . 88
(10) Mo wersipoM ¥ 0
Gonee

(11)Ofuee weno ap/6l  89/57 116/54 79/43,2 28/38,9 351/50,7
L , ‘

(12) He noctpoen SNUKREHTP

167
(13)CnaGas sanicw 19 17 4; 21 .;5:: .
Qa 4)3anucano oanoR 5 39 5
cranuueft X 11 L 3 ) o 16
&g;l’c;g::o::::omu 25/39 67/43 101/46 104/56,8 44/61,3 341/49,8

an MocTpoen InHUEHTP

fio Tpem u Gonee 09/43 20/48 15/18 - ‘- -
(18) crammam perno= .
nomtoft cetn Ko

SaxcTana
Key:
1. Group attribute 10. By four or more stations
2. No of recorded earthquakes 11. Total number
and constructed epicenters 12, Epicenter not constructed
3. June-December 1972 13. Weak recording
4. January-June 1976 14, Recorded by one station
5. June 1972 to June 1976 15. Other causes
6. Recorded by the RTS 16. Total number
7. Epicenter constructed 17. Epicenter constructed
8. By two stations 18. By three or more stations of
9. By three stations the Kazakhstan regional network

[see note on following pagel
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[Note to Table 9, preceding pagel: .

Note. The percentage of corresponding number of earthquakes recorded by
the RTS 1s indicated to the right of the slash, The percentage
1s calculated with respect to total number of epicenters constructed
by three, four or more of the RTS stations in the last row.

A fifth of the local earthquakes and explosions recorded by the RTS sta-
tions ure not observed at the Talgar station, and the RTS skipped on the
average 4.4% (see Table 8), These are predominantly signals recorded only
by one station of the Ozero system, the most sensitive and closest both to
the most seismically active region and to the location of the most frequent
explosions -- Medeo. One such signal can be seen in Fig 66, a. The auto-
matic stations of the Talgar test area, Alma-Ata and especially Ali hardly
recorded this signal at the same time as at Ozero its intensity was limited
by the dynamic range of the equipment.

The slaved recording system (SZhR) was put into operation in the middle of
1973, and in the first half of 1976 it was shut down for preventive
maintenance; therefore we shall estimate its operation from the point of
view of recording local signals in 1974 and 1975. In 1974 the slaved
recording system recorded 47% of the total number of all local signals,
and in 1975, 50% of the total number of all local signals (explosions and
earthquakes) recorded by the RTS, However, 1f we exclude the recordings
of weak local earthquakes and earthquakes recorded only by one station
from the total number of local signals in 1974 and 1975, which should not
be recorded in accordance with the logic of the slaved gystem, the pre-
cision of local signals recorded by the SZhR on magnetic tape increases
on the average to 80% in 2 years. The basic causes of missing signals by
the SZhR are the following in order of significance: weak recording --
below the response level of the logic of the system, the "including" or
"confirming" stations are not in operation, low quality (warped) magnetic
tape, replacement or end of magnetic tape, and so on.

Let us briefly characterize the signals with tg.p&10 seconds, the statis-
tics of which are presented in Tables 8 and 9. Out of 978 signals

recorded by the RTS in 4 years, the local earthquakes amounted to 692,

and the nearby industrial explosions where explosions predominate (about
75%) from the construction site of the dam in the Medeo Canyon amount to
286 (32Z). The information on these explosions in the period from

1 June 1972 to 1 July 1976 are presented in the explosion catalog presented
in Appendix II.

Out of 692 recordings of local earthquakes it was possible on the average

to process only 351 (51%); 224 hypocenters (64%) were constructed by the
recordings of three or more stations on the whole, and 127 epicenters were
determined by the sections according to the data of two stations (Table 9).
With the years, as the operation of the RTS improved (starting up of new
stations, increasing theiz sensitivity, and so on) the number of hypocenters
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determined by the recordings of three or more statfons increases per=
centagewise to the total number of constructed eplcenters, Thus, whereas
in 1972-1973 the number of hypocenters was about 50%, in 1974~1976 it
was 70 to 90%.

The basic causes for which the epiceuters could not be constructed were
weak recordings (impossibility of exact retkoning of the time of arrival
of the P-wave) and the presence of a recording at only one of the stations
of the system.

The earthquake bulletin for which the eplcenters were constructed
(Appendix I) contains information about the number of stations by which
the position of the center was detected. In cases where the data of the
stations from the Kazakhstan regional network (Kurmenty and Chilik) were
involved in the processing marks are made.

At the end of Table 9 a comparison is presented of the number of epicenters
constructed by the recordings of three or more of the RTS stations and the
regional network in 1972-1974, The stations in the regional network
occupy an advantageous position with respect to the investigated earth-
quakes inasmuch as the latter are inside the polygon formed by the
_ Kurmenty, Chilik, Ili and Fabrichnaya seismic stations. However, by the
: regional network data, as a rule, only the earthquakes of higher than
seventh to eighth energy classes are processed, Therefore, it is natural
that the number of epicenters of local earthquakes constructed by the
regional network data does not exceed 50% (and 1in 1974 only 18%) of the
number constructed by the RTS data for which the gixth energy class of the
earthquake 1is represented.

§2. Processing Procedure

The basic advantages of the radiotelemetric recording system are increased
accuracy and operativeness of processing of the data. The centralized
multichannel recording with a united time service noticeably decreases

the errors in reckoning the time of the first and last arrival and it
increases the reliability of generation of useful signals, The united
time service permits determination of the coordinates of the local and
nearby earthquakes and also the azimuths of the direction of the epi-
centers for distant earthquakes by the time difference of arrival of the
first waves at the system stations, In connection with the exclusion of
errors of the time service for each station, the accuracy of reckoning the
difference 1n time of arrival on the display recordings 1s +0.2~0.3 seconds,
and for the oscillographic coples from the magnetic tapes +0,03-0,05 sec,
which gives rise to the high accuracy of all of the subsequent construc-
tions,

In many cases during operative processing it is very important to determine

the direction of the center in time. The qualitative determination of the
direction of the epicenter within the limits of the gections can be
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made gimply by the display seismogram, uaing the sequence of arrivals

of the first wave at the different stations, For this purpose it is
convenient to use a template (see Fig 35), The direction sector in the
outer circle 18 determined by the station for which the time of arrival
of the P-wave {s minimal. The narrower gector of the inside circle is
determined by :he station where the P wave arrives second. The location
of the stations in the test area insures a large amount of detail in
determining the azimuths of the eastern and southeastern directions and
less detail in the southern and southwestern directions.

-

~
we »*
oy = L ”
2 »
oy
" ¢
v/
2 120
2 150°
»

Figure 35. Template for determining the direction sector to the
epicenter by the sequence of arrival of the first

wave at the test area stations
Key:
1. Ali Well 3. Talger
2. Novo-Alekseyevskaya Well 4. Ozero

5. Alma-Ata Well

In the quanticative processing we have limited ourselves to investigation
of local earthquakes with a value of tg.p not exceeding 10 seconds (for

the Talgar station), thus outlining the—investigated territory by the
circle with its center at the Talgar station 77 km in radius with an area
of more than 18,000 km2,

As is known, for such small epicentral distances the difference in times
of arrival of the longitudinal and transverse waves is reliably determined.
This parameter was used when finding the coordinates of the center, but

it is necessary to know the fictitious velocity in this case.
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Determination of the Fietitious Velocity vfuvpvs/(vp-vs).

The veloelty ratio of the longitudinal and tranasverse waves was determined
by the direct P=S waves of local and near earthquakes recorded by the
gtations of the test area, The radiotelemetric multichannel recording
ingured high aceuracy of determining the time difference of r~ :ivals of
the P and the S waves on the station recordings; 140 earthquakes were
selected, in the first arrivals of which the direct wave was recorded
(ts_p<25 seconds) with clear arrivals of the direet P and § waves. By

the time difference of arrivals of the P and S waves for three pairs of
stations the relation was constructed for the difference Atg as a function
of Atp (a total of 280 points, Fig 36). 1In order to designate the direc-
tions of the approach of the waven in Fig 36 on the bottom right the
regions of positive and negative values of At are indicated achematically
for three pairs of stations. The relations for the velocity ratio VP/Vs
as a function of the direction of approach of the waves was not
discovered. As 18 obvious from the graph, the dispersion of the values of
Ot with respect to the display seismograms (the empty symbols) near the
averaging line is +0.5 seconds, and the dispersion of the values of At

by the oscillograms of the slaved recording system (the dark symbols)

is reduced to +0.2 seconds. The diaspersion of the experimental points
exceeds the accuracy of determination of At which can be explained by the
pogsible errors in determining the time of arrival of the S-waves by

the recordings’of the vertical seismographs.

By the slope of the graph of Atsldtp, the velocity ratio Vp/Vs-Ats/Atp-1.767

and the propagation rate of the fictitious waves Vf-VP/(VP/Vs-l)-7.7 km/sec
were determined.

The velocity of the longitudinal waves Vp=5.9 km/sec was taken by the
regional hodograph compiled by the data on the earthquakes [30, 31];
it agrees with the deep seismic sounding data [25].

Determination of the Position of the Hypocenters. When processing the
materlals in the different stages, varfous methods of constructing the
hypocenters were tested and used.

Nomogram Procedure. In the first processing phase, nomograms proposed by
V. G. Katrenko for the Tashkent radiotelemetric test area [38] were used
to define the epicenters. Only the times of arrival of the longitudinal
waves reckoned with high accuracy and insuring operativeness of the pro-
cessing are used for thd construction,

The nomograms are a family of isolines of the epicentral distances R
calculated for fixed depths of the center H and constructed in the
coordinates of the differences in time of arrival of the P-waves at three
pairs of stations, Each 1soline 18 calculated for a specific epicentral
distance and direction azimuths to the epicenter varying from 0 to 360°,
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The maximum accuracy (+1-2 km) s achieved when determining the
coordinates of the centers of local earthquakes located within the area
of the cirele with a diameter of approximately twice the average distance
hetween the test area stations, With an increase in epicentral distance
the accuracy falls off,

The nomograms are constructed in polar coordinates, for the center of
vhich the Alma=Ata station was first selected, but since the accuracy of
determining the arrival of the P~waves was not always sufficiently high

. as a result of the high background noise, later the Talgar station was
taken as the center of the system. The nomograms were calculated on the
Mir-1 computer. An example of one of them with thé Alma-Ata station as
the center 1is presented in Fig 37. The nomograms were constructed for
different pairs of stations. The best pair with respect to resolution of
the isolines in the direction of the epicenter is selected for processing,
In the case of a 5-km step size with respect to depth in the interval of
H from 0 to 25 km 1t 18 necessary to select 12 nomograms (vith one center)
to process the data of four stations, Thia 1s a deficiency of the investi-
gated method, and 1t pertains to the local earthquakes. For earthquakes
with R>60 km the parameter U is excluded, and the number of nomograms is
reduced to three. For earthquakes with R>200 km the group ceases to
operate for determination of R and only one nomogram is sufficient to
determine the azimuth at the epicenter (see Fig 90).

In addition to inconvenience of selecting a large number of nomograms,
their deficiency is low accuracy of determining the depth of the center M.
For the possibility of increasing the accuracy of determining the hypo-
centers which are inherent in the radiotelemetric multichannel recording,
the selection step size for the depths of 5 km 18 too large, and decreas-
ing the step requires additional nomograms, This is not justified, for
the accuracy of determining H quickly decreases with an increase in the
epicentral distance (Fig 38). At R>20 km from the central stations
(Alma-Ata or Talgar) the resolution with respect to depth is low, and
for Re30 km 1t is in practice zero. At the same time under the conditions
- of the Alma-Ata test area for the majority of the observed centers the
epicentral distances from the Alma-Ata and Talgar stations are more than
30 km.

In the nomogram procedure only the P waves are used. Exclusion of the

S waves from the investigation, the arrivals of which usually are clear
on the recordings of the local earthquakes eliminates additional informa-
tion which permits control of the convergence of all of the data and the
exclusion of gross errors, Therefore the nomograms were used to
determine the position of the industrial explosions (H=0) and for opera-
tive approximate determination of the coordinates of the epicenters.
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Figure 36. Difference in time of arrival of the S-waves (8eg)

1 w=

at two stations as a function of the difference
in the time of arrival of the P-waves (4tp) according
to the data on the local and nearby earthquakes
for three pairs of ctations,
Ozero-Talgar, 2 -- Alma-Ata-~Talgar, 3 -~ Ali-Talgar.

The 1ight symbols are in accordance with the display
recordings, and the dark symbols, by the slaved recording

seismograms.
Key:
1. Atp, seconds 3. north
2, Ats. seconds 4, south

The divergence with the data of other ... iwdo when dutermining the

epicenters

by the nomograms is explained by neglecting the spatial posi-

tion of the system stations; for simplicity hereafter we shall say
"neglecting the day surface relief."

Isikawa Procedure. It turned out that the determination of the positions

of the centers by the Isikawa procedure [4} using the fictitious velocity
Ve gives large errors. The determinations made by different triplets of
stations gave error triangles with 10 km sidesand mors. The depths of

the centers were also found to be different, Examples of such constructions
are shown in Fig 39, For example, let us consider the comstruction of the
epicenter of earthquake No 124, Three positions of the epicenters 5 to 6 km
from each other were determined by the Isikawa procedure with respect to
three triangles of stations Alma-Ata-Ozero-Talgar, Ali-Alma-Ata-Talgar,
Al{-Ozero-Talgar. The depths at the points of intersection of the chords
are different, and for the different station triangles they are 16, 20
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and 22 km reepectively., The observed conatruction errors, as analysis
has shown, were basically caused hy neglecting the different altitudes
of the observation points,

Actually, the difference in absolute altituden for the test area stations
exceeds 3000 meters: the Ozero station is located high in the mountains
with an altitude of 3000 meters, the Alma-Ata station is in the plains,

and ite seismometer 1g submerged in a well to a depth of 1000 maters,

In addition, the seismogeological conditions are different for the stations.
The Ozero and Talgar stations are on bedrock, At the Ali station there

are 50 meters of sediment between the seismometer and the roofs of the
basement, Under the seismometer of the Alma=Ata station there are 3200 m
of sedimentary rock. All of this led to the necessity for selecting a
single reduction level. The depth of the basement under the Alma-Ata
station == 4200 meters under the day surface =~ was taken as this level.
The diagram of how the stations differed with respect to elevation relative
to each other and above sea level and also the position of the reduction
level are indicated in Fig 41, a.

Time Field Maethod. The necessity for introducing time corrections for the
relief gave rise to expediency of constructing the epicenters by the time
field method. 1In order to recalculate the observed times for the P-wave
to reach the reduction level it ia sufficient to take cross mections of
the time field by the horizontal planes at depths equal to the amounts

the stations are above the reduction level and to ~ake them as the zero
depth levels. For the different stations the depth of these levels is
different. For the Ozero station it is 6360 meters 1f we consider that
the time field is constructed with the center at the point where the depth
18 equal to zero; for the Talgar station it is 4600 meters, for the

Ali station it 1s 3500 meters, for Alma-Ata it {s 3240 meters. The only
time field of the P wave, just as for the uniform medium with Vp=5.9 km/sec
wag constructed for the first three stations. For the Alma-Ata station
the time field was constructed for a two-layer horizontal-stratified
medium: the sedimentary series 4.2 km thick with Vp=4.0 km/sec and the
halfspace -Vp=5,9 km/sec.

Further operations to determine the position of the centers using the
time fields were of a standard nature (8, 52). Examples of thege
determinations can be seen in Fig 40,

lLet us consider the determination of the hypocenter of earthquake No 203
by the time field method with and without consideration of the reifef by
the four stations (Fig 40, a). The epicentersturned out to be close,

2 km from each other, and the depths of the centers, 14 and 20 km
respectively. However, in the first case 14 km was reckoned from the
reduction level, and in the second case, from a day surface, the elevation
of which 18 unknown. Reducing the depth by 6 km (14 instead of 20 km)
increases the error triangle by 10~15 times. Thus, the radiotelemetric
recording made 1t possible to raise the accuracy of determining the depths
at distances not exceeding 30 km to the nearest station to +1-2 km which
led to the necessity for considering the spatial position of the stations.
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Figure 37. Nomogram for determining the position of the epicenters
The differences 4in time of arrival of the direct longitudinal waves
at different palrs of stations are plotted on the axes. The
isoline parameter R {s the distance from the epicenter to the
Alma~Ata station. The numbers of the isolines are the azimuths
of the epicenters.
Key:

1. seconds

2. Medeo

3. Kotur-Bulak
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Figure 39. Determination of the earthquake epicenters by the
Teikawa procedure without considering relief (1)
and with introduction of a correction for the
relief (2), by the nomograms (3) and by the time

field method considering relfef (4)
Key:

1. Alma=-Atu
2. Talgar
3. Ozero
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Figure 40. Determination of the earthquake epicenters by the
time field method
[See following page for legend and keyl
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[Legend and key to Figure 40, preceding page]:

a == eonaidering (1) and without consldering relief (2); b ~~ according
to the data of three, four and five stations of the test area)
¢ == using the data from Chilik and the Kurmenty stations

Kay!
1. Ald 5. Novo-Alekseyevskaya
2. Alma=-Ata 6. Rurmenty
3. Talgar 7. Chilik
4. Ozero

Corrections for Relief, The consideration of the different elevations of
the observation points changes the position of the hypocenter determined
without consideration of the relief, that is, it leads to a change in the
coordinates of the center R, ¢ (in the polar coordinate system) and H. 1In
order to estimate the magnitudes of these corrections under the conditions
of the Alma-Ata test area, calculations were made for three station triangles:
Talgar-Ozero-Al{, Talgar-Ouero~Alma-Ata, Talgar-Ali-Alma-Ata, four depths
= 0.5, 10, 20 km =~ and for 60 points located in the circle 40 km in
radius with {ts center at the Talgar station. On the correction maps
(examples are presented in Fig 41, b) the isolines 4R,44 and AH have a
complex shape, especially Ad; their configuration varies for different
depths and different triplets of stations, For the deep earthquakes
(H215-20 km) the corrections changing the position of the epicenter can
reach AR=+3 km, 4¢=+15° and even exceed thenm. With a decrease in depth of
the earthquake centers these corrections decrease, AR becomes no more than
+1.5 km, and 8¢=+(2-5)°, ‘The corrections for the depths of the centers

for all of the earthquakes are identical, and they are within the limits of
0-(~7) km. The introduction of the correction for the relief into the
position of the hypocenters determined by the Isikawa procedure by the
Talgar-Ozero~-Ali station triangle (Fig 39) made them close to the hypo-
centers found by the time field method, However, in connection with the
labor consumption of the processing by this method, the construction of the
hypocenters basfcally was done by the time field method considering relief.

Final Processing Scheme. For earthquakes recorded by no less than three
stations, the following sequence of operations was used to determine the
position of the center.

1. The search for the hypocentral distance Rj=7,7 ¢ km and the time
at the center Toitpl-RlIS.9 by the recording of the station for which

ts-p 18 determined most relfably,

2. Calculation of the time to get from the center to the remaining stations
Tn'tp “T,..

n 0
3. Selection of the depth of the center corresponding to the intersection

of the {sochrons with minimum error by the isochron templates or time
flelds.

130
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5

FOR OFFICIAL USE ONLY

The constructiona were done on a 1:300000 scale. The values of tg.p were
determined with respect to all of the stations; redundant information was
used to estimate the internal convergence of all of the determinations,

Only some of the fictitious waves failed to be used, for the value of tg.p

i8 determined by the stations with a different degree of reliability (the
application of only the vertical seismograph is fraught with inaccuracies

in determining the arrival of the S-waves at the same time as the arrivals

of the P-waves are determined more reliably). Examples of comstriuction of
hypocenters in different directions from the test area according to the

data of three, four and five stations arc presented in Fig 40, b. For all

of the determinations the intersections of the isochrons are within the
1imits of the circle (a diameter of 2 km on the scale of the map) designating
the epicenter.

For estimation of the accuracy of the constructions, in particular for more
remote easterly epicenters, data are presented from the regional network
stations of the Kazakh SSR Academy of Sciences, Chilik and Kurmenty, As
can be seen in Fig 40, ¢, the agreement of the data is good; all the
isochrons intersect within the circle.

Theoretical calculations to estimate the accuracy of determining the position
of the epicenters and the depths of the centers by the described procedure
considering the position of the Alma-Ata test area stations were not per-
formed. The experimental estimates of the accuracy of determing the posi-
tion of the epicenters and the depths of the centers of the basic number

of earthquakes (within a radius of 40 km from the Ozero station) give

values of +1-2 km. For the edge earthquakes adjacent to the eastern part

of the circle bounding the test area, the accuracy drops to +3-5 km,

In cases where the earthquake was recorded by only two stations, the position
of the center could not be determined by the indicated procedures. However,
in order to use these recordings to estimate the seismic characteristics

(the number of such earthquakes has reduced with the years, Table 9) the
determination of the epicenter was made by the intersection method, the
radii of which are equal to the hypocentral distances for each station
Rp»7.7 tg.p. For the construction, the intersections of the circles at

two points are obtained, the azimuths of which differ by 180°. However, as
a result of the actual position of the centers of the earthquakes south of
the northern Tyan'-Shan' fracture zone (see Fig 79) it turned out to be
possible to exclude one of the two points from the investigation, for it

fell {n an aseismic territory. If this exception could not be made, the
earthquake was not nrocessed. The accuracy of determining the epicenters

by two stations 1s significantly lower, and for small R depends primarily

on the depth of center inasmuch as with the described method of construction,
the hypocentral distances were identical with the epicentral distances.
Therefore, the deeper the center, the more removed the epicenter from its
actual position. For small centers located west and south of the tect area
(sce the depths map in Fig 82), the epicenters are determined by two
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stations with greater accuracy than for the southeastly deep earthquakes

for which the epicentral distances can %2 5 to 10 km high, This is quite =
clear by the summary map of epicenters !see Fig 79), 1In the southwesterly

direction the epicenters found by the two stations are grouped together

with the epicenters constructed by three or more stations. In the south-

easterly direction the epicenters as a whole are shifted somewhat farther -
to the southeast with respect to the entire mass of eplcenters determined -
by the thre: stations.

§3. lnergy Classification

The energy classification of earthquakes is of primary significance, for
the distribution of the earthquakes in space and time 1s considered as a
function of their energy. The observations at the Alma-Ata test area

were made only by vertical seismographs; therefore we used the energy
estimates of the earthquakes by the data from the Talgar seismic station
where one of the test area stations was located. The accuracy of determining
K considering the damping of the seismic energy in the given area is high
== 6K=0.2 to 0.3 [36]. Unfortunately, energy estimates were not available
for all of the earthquakes in the bulletin (the high background of
Issyk-Kul' microseisms or skipping of recordings at the Talgar station).
Therefore in order that the incomplete representativeness of the data not
distort the estimate of the recurrence rate of the earthquakes of different
energy classes, an effort was made to use the recording time 1 'of the

weak earthquakes for the energy classification.

The correlation between the energy class K and the oscillation time T was -
used by numerous authors for different areas {11, 39, 40], and good

agreement was indicated with the data from direct determinations of K by

the amplitudes of the P and S oscillations. We selected 122 earthquakes

recorded by the Talgar station and the stations of the Talgar and Ozero

test areas and thus having an energy estimate, The value of K of these

earthquakes fell within the range from 4.5 to 10; the majority of the earth~

quakes are characterized by K=5,5 to 8.0. The number of shocks with K>8.5

and K<5.0 18 small, and it amounts to individual cases.

In addition, 79 recordings of explosions from the different areas were
taken into account: Mazdeo (57 recordings), Kotur~Bulak (11), Kapchagay
(11). Thus, in all mure than 200 recordings were considered.

The recording time was determined from the beginning of the oscillations to
the time of merging of the recordings with the microseisms, The data
obtained were plotted on a map (see Fig 42), where the value of lg 1 in -
seconds was plotted on the x-axis, and the values of K=lg E joules were
plotted on the y-axis determined at the KSE Talgar station by the energy
template for the given area. The observed values of lg t by the recordings
of earthquakes and explosions of the different stations were plotted by

different symbols. No separation of the symbols on the graph was observed; K
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- all of the points occupy a quite broad region with explicit tendency
toward increase in t with an increase in Ki The dotted lines on the same
graph indicate the region of values of t for Tadehikistan [40), Here the
dispersion of the points with respect to the K scale 18 of the same order

(about +2), but the duration of the recordings for the same values of K is
approximately twice as large.

YA (1)
” -

Figure 42. Duration of the recording of local earthquakes and
explosions as a function of the energy class K
1, 2 == by the recordings of earthquakes at the Talgar and
Ozero stations respectively; 3 -~ by the recordings of explosions;
4 -~ the data of R, S. Mikhaylova [40] for Tadzhikistan;
5 == the data of A. S. Malamuda (39); 6 -~ the 1ine averaging the
observed swarm of points
Key:
1. joules
2. seconds

The extrapolation of the graph to the region of small values of K was of
interest for the majority of recordings for which there are no energy
estimates belong to weak earthquakes. Certain authors [39] propose a 1linear
dependence of t on K (curve 5 in Fig 42), and others [11], close to linear.
We have adopted a linear relation between t and K, the more so in that the
interval of interest for extrapolation to the region of values of K=3,5-5.0
where there are few or no observed points at all 1s small, The accuracy

of determining K for the observed dispersion of the experimental data is
low, and 1t 1s included within the limits of SKet1,

134
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5

FOR OFFICIAL USE ONLY

The correctness of the averaging of the observed points (in Fig 42, curve 6)
was checked by an independent method with respect to the slope of the
summary envelopes of the tail section of the seismograms, the so~called
C-wave [11]. The individual envelopes of the C~wave A(t) are constructed
as a function of the time t-tg beginning with t-tqom(2-4) (tp-t ), where

to 18 the time at the center, and t 1s the current time on the seismogram.
The general form of the envelopes C(t) is obtained by displacement of the
individual graphs A(t) for earthquakes of different energy parallel to the
y-axis so that the overlapping sections coincide. As is shown in [11], the
value of t basically determined by the duration of the C-wave and the level
A(t) are related by the shape of the envelopes C(t) which, in turn, permits
determination of the seismic event M and recalculation of it to K. We have
used only the relative slope of the graph C(t) without absolute coordination
with the K scale.

The summary envelopes C(t) for four stations of the test area are presented
in Fig 43. They are compiled according to recordings of earthquakes and
one explosion (Medeo), the data for which are presented in Table 10.

For the Ozero and Talgar stations, low dispersion of the points is observed,
and averaging of them causes no difficulties. For the Alma-Ata station,
and especially Al1 within the time interval of t-t0-20~60 seconds, large
dispersion of the points is observed which is caused by buildup of the
intensity and the tail section of the recordings, and averaging of them
by one line 1s impossible. (On the graph C(t) for the Ali station the

‘ envelope is shown for the explosion in Medeo not inscribed in the law for
the earthquakes, see §4).

Thus, judging by our data, the shape of the envelopes C(t) can undergo
significant variations obviously in connection with the different station
conditions. This must be considered when selecting the material. In
reference [11) the stability of the shape of C(t) is discussed for differ-
ent regions. However, a comparison of the envelopes C(t) for the Talgar
and Ozero stations with the data presented in reference (11]) indicates
their different slopes -- with an increase in t-ty by an order C(t) for
the Talgar and Ozero stations decreases by an order more than in [11].

A comparison of the graph of C(t) for Talgar and Ozero stations with the
line averaging the observed points on Fig 42 indicates identical slope of
them, which confirms the relfability of the interrelation between t and K.
Using this relation, the energy of the earthquakes for which there were no
data for K was estimated by the recordings of the Talgar and Ozero stations.
In particular, this energy classification was made for signals recorded
only by the Ozero staticn. It turned out that the predominant values of K
for these signals are included within the 1imits of 3.7-6.5, and the pre-
dominant values of tg_p*1l.5 to 2,8 (Fig 44), The minimum recording time

of signals with t _P-I.S to 2,5 seconds 1s 13-14 seconds, which corresponds
to values of K-3.§ to 3.8, The estimation of the energy of the weakest
shock gives a value of K on the order of two.
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Figure 44. Distribution of earthquakes of different energy classes
K recorded only by Ozero station, depending on tg.p-
The numbers on the points are the number of coinciding values.
Key:
1. seconds

Table 10
o/a | g, K |Homep**} Non/n Bpwas, | Homep **
O L o fay | W™ 3)
1 18,04 7,2 178 6 6,02 6,1 200
2 3,34 6,8 1717 7 8,38 7.7. 214
8 22,21 68 180 8 2.86 - 220
4 12,01 8,8 187 ] 18,20 8,7 240
8 0,27 68 187 10 Bspus » Measo (4)
Key:
1. Item No
2. Time, hours, minutes
3. Number
4. Explosion in Medeo

*Order numbers of the earthquakes coincide with the numbers of the
provisional notation in Fig 42.

**The number on the map of the earthquake epicenters.
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§4. Recording of Explosiona

Along with the earthquakes, the RTS stations recorded industrial explosions
both within the 1imits of the investigated region (R,<80 km) and outside

it. Information about the explosions was used to estimate the accuracy of
the constructions and select the velocities. 1In connection with the large
number of industrial explosions within the territory of the test area, the
question arose of the necessity for recognition and exclusion of them from
the investigation when studying the gseismic characteristics of Alma-Ata.

The recordings of industrial explosions (see Table 8) in the territory of
the test area amount to about 30% of all the recordings of local signals
(ts.p(T)€10 seconds) obtained by the RTS stations, About 752 of all the
explosions are {in the vicinity of Medeo which is in direct proximity to
Alma-Ata (16 km) near which earthquakes are concentrated. Therefore,
special attention 1s given to the analysis of the recording of these explo-
sions,

Location of Industrial Explosions within the Test Area., The locations of
the constantly occurring explosions are the construction sites for the
Medeo dam southeast of Alma-Ata, the Kotur~Bulak quarry between Alma-Ata
and Talgar, the construction site on the west shore of the Kapchagay
reservoir. In addition, individual explosions basically are used for
construction purposes in different parts of the test area, predominantly ia
the northern, plains section. The section of the test area map with the
regions plotted on it (Medeo and the Kotur-Bulak quarry) and also the
epicenters of the individual explosions appears in Fig 45. The data on
the explosions =~ time, location, energy class K -- can be found in
Appendix II.

The determination of the location of nearby explosions was made by the
difference in time of arrival of the first longitudinal wave at the test
area stations. In order to determine the coordinates of the explosions R
and ¢ the nomograms turned out to be convenient for H=0 with the center

of the coordinate system at the Talgar and Alma-Ata stations. The position
of the Kapchagay explosions removed by 70 to 100 km from the Talgar and
Alma-Ata stations was determined by the time field method, for for such
distances the accuracy of determining the epicenters by the nomograms
decrecases significantly. .

The differences in time of arrival of the first longitudinal wave at the
test area station from the explosions in Medeo and Kotur-Bulak are the
most stable. The differences in time of arrival of the waves (in seconds)
from the explosions at the Talgar, Alma-Ata stations are presented in
Table 11.

138
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5

FOR OFFICIAL USE ONLY

Figure 45. Diagram of the
location of the areas (1) and the
individual explosions (2) within
the test area

Key:
1. 14
2, Al
3. Talgar
4. 1laayk
5. Alma-Ata
6. Kotur-Bulak quarry
7. Medeo
8. Ozero
9. seconds

Table 11

2)

(1) Meoro sepusa | tptg |tr=ta.a] t7=4 | h.A=~10]tacr~0a] Mlotpecrmoon. ¢

Maaeo (3) 00 03 =80 12 47 40,8
Koryp-Bynax (4) 2,4 04 «38 .28 4,2 40,2
Key:
1. Location of explosion 3. Medeo
2. Error, seconds . 4, Kotur=Bulak

The large dispersion of the times of arrival of the waves from the explosions

in Medeo by comparison with the explosions in the quarry arises from the
fact that the explosions in the vicinity of Medeo were in a large area -~

the dam construction site, the construction of roads in Gorel'
on the Malaya Alma-Atinka River and in other locations,
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Figure 46. Nomogram for determining the epicenters of
explosions. The center of the polar coordinate
system is the Talgar station, R are the epi-
central distances, The azimuths for the epi-
centers are indicated on the isolines.

Key:
1. geconds
2. Kotur-Bulak
3. Medeo

The seconds of the nomograms corresponding to the data in Table 11 are
crosshatched in Fig 46, The experimental determinations of At fall within
these rectangles. 1In the first phase the locations of the explosions were
determined by the nomograms calculated for a velocity of Vp=5.9 km/sec.
Here deviations from their true position occurred which are explained by
the high value of the velocity. The calculation of the nomograms with a
velocity of Vp=5,1 km/sec characteristic of a distance of 11-16 km (the
dotted lines in Fig 46) made it possible to increase the accuracy of
determining the location of the explosion. The positions of the areas
corresponding to the sections crosshatched on the nomograms are indicated
on the map in Pig 45 also by crosshatching, They coincide with the actual
position of the explosions. In the indicated areas there are 94 explosions
in Medeo and 21 explosions at the Kotur-Bulak quarry respectively. The
recording and processing of the explosions made it possible to check and
confirm the high accuracy of determining the time delays characteristic of
the multichannel radiotelemetric recording and determining the accuracy of
all subsequent constructions. The explosions in the quarry are the most
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indicative. The diameter of the eircle in Fig 45 in which all of the
repeated determinations fall does not exceed 1.0 km on the scale of the
map.

Characteristic Features of Recordings of Explosions from Different Areas.

In order to find the criteria of the difference in the recordings of the
explosions from the recordings of earthquakes, the analyais of the explosion
recordings, especially at places where weak local earthquakes occur has
primary significance.

Explosions from the Medeo Area. These explosions were recorded during the
entire time of operation of the radiotelemetric system (1972-1976). In
all, 211 recordings of explosions ware obtained not considering the un-
recognized siguals, for example, recorded by only one station, Ogzero
located close to Medeo. The largest number of explosfons, 64 and 80, were
recorded in 1974-1975. It 1s interesting that as a result of determination
of a large number of seismograms and finding the defined eriteria for
recognition of explosions many of the recordings obtained before the
beginning of operation of the RTS (in 1968-1969) which were classified as
earthquake recordings turned out to be recordings of explosions. The
examples of such recordings by the well station at Alma-Ata and the ground
surface station at Talgar can be seen in Fig 47. The recordings are char-
acterized by different shape (two types) and the magnitude of the parameters
tg.p. Fig 48 shows recordings of explosions in Medeo by the RTS stations
-- display and oscillographic.

Let us compare the recordings between each other and at the different
stations. The conditions of the explosions in the vicinity of Medeo are
unstable -~ the explosions are over a large area in prospecting holes,
boreholes and quarries. The minimum charges noticed by the RTS stations
are about a half-ton, sometimes 0.3-0.4 tons. The predominant values of K
which were estimated in Talgar station by the recordings of the explosions,
Just as by the recordings of earthquakes are 5-8. The dependence of K on
the size of the charge can be seen in Fig 49,

The shape of the recording of explosions at different locations =~ at the
dam, on the Medeo-Gorel'nik road, and so on -~ is different, which can be
seen from Figures 47 and 48, However, there are several characteristic,
more stable types of recordings (Fig 48, a),

Let us compare the recordings of the different stations, The most intense
recording 1s observed at the Ozero station as the nearest to the source,

and the weakest, at the Ali station, the most removed, On the whole, the
ratio of the recording intensities at the different stations is as follows:
A0>,AT>AA_A-A"_A>AA (Fig 48), The characteristic shape of the recording

1s ohgerved at the Talgar station, The first longitudinal wave has a
specific stable shape here. It is clearly expressed -~ two or three extrema,
low frequency (fp-fs) == it predominutes with respect to intensity on the

recording or 1s commensurate with the amplitude of the subsequent oscillations
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Figure 47. Recordings of explosions in Hedeo by the Alma-Ata
stations (well) and Talgar (drift) in 1968~1969.

1. 7 June 1968
2. Alma-Ata well
3. 10 seconds

= 4. Talgar drife

at the same time as at other stations -- Ozero, Alma~Ata =~ most frequently
Ap<As and fp>fs, that s, the longitudinal wave is higher frequency, its

shape 13 complex, unexpressed and unstable (Pig 48, b).
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Figure 48, Display seismograms (a) and slaved recording
seismograms (b) of explosions in Medeo
Key:
1. Talgar drife; 2, 10 seconds; 3, Alma-Ata well, 4. Ozero; 5. Al
well; 6. Novo-Alekseyevskaya well.
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Figure 48, b (continued)
Key:
1. Talgar drife 6. 40 seconds
2. Alma-Ata well 7. 30 seconds
3. wuzero 8. 50 seconds
4. All well

5. 20 seconds

Another characteristic feature of the recording is observed at the All
station where 20 to 30 seconds vfter the first arrivals an intenge low-
frequency train of surface vaves 18 recorded frequently predominant with
respect to intensity over the anomalously high~-frequency initial part of
the recording (including the P and § vaves, Fig 48, a). No such "taila"
are observed at the recordings of other stations, and the amplitude
decreases sharply with an increase in recording time t. An analogous
characteristic, but less clearly expressed, is observed also on the
recordings of earthquakes at the Ali station.

For the explosion recordings an unclear arrival of the transverse wave is
characteristic which is most frequently observed at the Talgar station and
sometimes at the Ozero station, At the Alma-Ata scation the arrival of
the S-wave usually 1s good as a result of the difference in frequency
composition and the P and S oscillations,

Explosions in the Kotur-Bulak Quarry. Just as the explosions in Medeo,
they are recorded systematically, but much more rarely, on the average

8 to 10 cxplostons a year (see Table 8 and Appendix II). Here, more
frequently than in Medeo, there are large explosions, and the excitation
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conditions are different, This 18 reflected in variation of the dependence
of K on the weight of the charge (Fig 49). The stability of the excitatlion
conditions and the constancy of the location of the explosions give rise to
a stable characteristic shape of the recording. Let us compare it with

the different stations.

The examples of recordings of explosions in the Kotur-Bulak quarry are pre-
gented in Fig 50, The most intense recordings are observed at the closest
Talgar and Alma-Ata stations, and at the rest the amplitudes are comparable.
The recording at the Ali station is distinguished by the presence of
intense low-frequency oscillations in the tail section 25 seconds after the
first arrivals which exceed with respect to amplitude by two times or more
all of the praceding oscillations (Fig 50, a). At Ozero station the shape
of the recording also has a typical configuration =~ the S wave is almost
not expressed with respect to intensity and frequency. The transverse wave
is poorly isolated at the Talgar and Alma-Ata station, but for a different
reason =~ the value of tg.p is small, and the intensity of the P-wave is
large (Fig 50, a). The P and S waves are separated more reliably as a
result of the difference in their frequency composition by the oscillograms
of the frequency selection seismic station (Fig 50, b).

Eaplosions from the Vicinity of Kapchagay, The recordings were started in
1973, There are comparatively few of them (see Table 8). The explosions
were in a large area (see Fig 45), and the shape of the recording is unstable.
Examples of seismograms are shown in Fig 51.

The maximum intensity of the recording is observed at the Ali station which
is closest to the explosions., The arrivals of the S-waves are even. At the
remaining stations -- Talgar, Ozero, Alma-Ata -- the recording usually has

a characteristic shape which s typical of remote explosions, It is weakly
expressed dynamically.

Difference in Recordings of Explosions and Earthquakes. When studying the
seismic characteristics of the city, a great deal of attention must be given
to the discovery of the criteria for recognizing the explosions in Medeo,
for they are in a seismically active region, There are many of them, and
unreliable classification of them as earthquakes is fraught with the con-
struction of fictitious centers shifted in the southeasterly direction with
respect to Medeo.

Let us formulate the basic criteria for distinguishing the recordings of
explosions in Medeo from earthquakes,

The kinematic signs are necessary and of primary significance, These
include the values of tg_p and the differences in times of arrival of the
waves at the test area stations (see Table 11), In the case where there
are insufficient kinematic signs, it 1s necessary to refer to the dynamic
signs.
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Figure 49. Energy of the oscillations K as a function of the

weight of the charge Q for the explosions in
Medeo (1) and Kotur~Bulak (2). The dotted line
was constructed by the data of F. F. Aptikayev

for an explosion in Medeo [6]
Key:
1. Q, kg
2. year

We shall distinguish two dynamic signs o~ frequency composition and
recording shape, The frequency composition of the recordings of earth-
quakes and explosions in Medeo differ stably. The average spectra of the
frequency selection seismic station of the P and S waves from earthquakes
and explosions are compared in Fig 52, The spectra of the § waves from
explosions at all of the atatfons are significantly lower frequency:

on the 1.3 and 2.6 hertz filters the relative amplitudes Af/AS.l hertz

of the explosion recordings are 2 to 4 times greater than for the earth~
quakes. The intensity of the recording on the high~frequency filters of
5 and 10 hertz for the earthquakes is essentially greater than for the
explcsions, For the P-waves this law is clearly expressed only at the

Talgar station.
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- The criterion for the recording shape 1s less specific than frequency.
The general characteristic of the recordings of explosions includes less
clear arrivals of the S-waves, worse dynamic expression of the S~oscilla-
tions and the worse, the greater the epicentral distance (this is
especially noticeable on the recordings at the Ali station). The ratio
Ag/Ap for the explosions is less than for the earthquakes. The specific
shape of the envelope of the recording A(t) at the Ali station for
explosions is expressed significantly more sharply than for the earthquake
(see Fig 43). Whereas for earthquakes the intensity of the tall part of
the recording is smaller or, in the best case, comparable with the intensity
of the preceding oscillations, for the explosion the low-speed components
predominate with respect to intensity on the seismogram. Finally, another
dynamic characteristic, also pertaining to the Ali station, is that the
recordings of the explosions are always much weaker than at the other
stations. Frequently they are in practice absent (except Kapchagay).
At the same time the reccviings of earthquakes at the Alil station are
comparable with respect to intensity with the recordings of the other sta-
tions.

The time of day when an event occurs can serve as an indirect attribute of
the explosions: the majority of the explosions occur in the range of
10-12 hours Greenwich (1600 to 1800 hours local time, see Appendix II).

The recordings of an explosion and an earthquake in the vicinity of Medeo
are illustrated in Fig 53 for comparison, The differences in time of
arrival of the waves at the test area stations for groups of recordings I
and II are close. The consideration of the dynamic criteria helps to
distinguish an explosion from an earthquake, namely:

1) The earthquake recording at all stations is essentially higher frequency.
This is quite obvious by the oscillograms from the frequency selection
seismic stations -- on the 5 and 10 hertz filters the disturbance from the
explosion is almost absent at the same time as the intensity of the earth-
quake recording on all filters is comparable;

2) At the Ali station the intensity of the recording of the explosion is
much weaker than an earthquake (by comparison with other stations);

- 3) The clear arrival of the S-wave 1s not as obvious on the seismogram of
an explosion at the Ali station as on an earthquake recording;

4) The intensity ratio of the tail and initial sections of the oscillations

on the explosion recording (Ali station) is more than on the earthquake
recording.
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Figure 50,

Seismograms (a) and oscillo
Selection seismic station (|

Kotur~Bulak quarry

1. Talgar drift; 2, Novo-A
4, Alma-Ata well; 5, Ozero
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Figure 51. Explosion seismograms in the vicinity of Kapchagay

Key:
1. Talgar drift 4. Ali well
2. Alma-Ata well 5. 10 seconds
3. Ozero
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Figure 52, Average spectra of the P and S waves of earthquakes
(solid 1ines) and explosions in Medeo (dotted 1ine).

Key:
1, hertz 4, Talgar
2. All 5. Ozero
3. Alma-Ata

R §5. Effect of Observation Conditions on Structure of the Seismograms

The development of seismic research and, in particular, the trend toward
more complete interpretation of the wave field are more and more frequently
leading to the necessity for considering the effect of local station con-

ditions on the structure of the seismograms,

The seismological situation in the research area and the use of random wells
for the observations have caused location of the statfons in the radio-
telemetric test area under sharply differing conditions (sece Chapter II, III).

We have studied the effect of the reception conditions on the shape of the
first wave and structure of the inttial part of the recording of remote

earthquakes and also the shape of the recording of local earthquakes.
Unfortunately, the single-component recording has essentially narrowed the
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possibilities of analysis, and hereafter it will be necessary to keep in
mind that all of the presented estimates are given by recordings of the
vertical component of the oscillations only,

Effect of Observation Conditions on the Recording of Distant Earchquakes.
The initial part of the recording of distant earthquakes in the various
seismological atudies is of special interest, This pertaina, in particular,
to the problems of interference reception in order to isolate the useful
signal, study the exchange transmitted waves, and so on.

The initial parts of the recordings of distant earthquakes recorded at one
station, as a rule, differ from each other. The recordings of a single
earthquake obtained at different stations also differ. These differences
are connected with the conditions both at the source (center) and in the
reception area, The large volume of seismological research performed in
recent years basically when studying exchange waves has made it possible

to study the effect of the source area. It was demonstrated [51] that
first of all the depth of the center has a strong effect on the initial
part of the recording. The simple initial part of the recording represented
by one wave out of two or three oscillation phases corresponds usually to
depths of centers of 200 km or more, With a decrease in depth, the initial
part of the recording is complicated. The earthquake recordings are the
most complicated, the centers of which are located in the crust.

Table 12
Azimuth from No of
the Talgar earth-
. Area station, degrees quakes
Alaska, Aleutians 20-50 10
Kurils  Kamchatka, Japan 50-80 17
Marianas Islands 80-100 10
Indonesia 110-15n 40
Afghanistan, Hindukush 210-230 14
Chile, Argentina, Bolivia, Peru 10=320 16
Arctic Ocean 330-0 10
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Table 13
() |- (3) - Yxono conccrasnassnct sanmoed
anrep, | Tanrep, T
oa wmono 1:::?- :ﬂNb- A= :rmwp.g:::P.1lm1p I:::P
Same- TS, Ars, Oaepo
ook | Are, Oaepo, | Kypru H;;:& 3::;, A 2::
o it (6) (2) |Ampy Ieoy - 1 20)

1072 as 84 4 8 10 - - -
16738 a3 82 4 4 7 82 83 37
1074 80 a8 | - - - a3 83 23
(11) Hroro 2688 . 1211 8 12 17 88 80 80
Key: -

1, Year 7. Talgar, Ozero, Kurty

2. Total number of recordings 8, Talgar, Alma-Ata, Ozero, Ald

3. No of compared recordings 9. Talgar, Ozero, Ali

4. Talgar, Alma-Ata, Ozero 10. Talgar, Alma-Ata, Ali

5. Talgar, Alma-Ata, Ozero, Kurty 11, Total
6. Talgar, Alma-Ata, Kurty

Studies were also made of the shape of the recordings as a function of the
areas in which the earthquakes occur, The simplest form of recording is
observed most frequently for the earthquakes {n Kamchatka, the Kurile-
Japanese zone, the Pacific Ocean and Indonesia. No clear dependence of
the shape of the first wave and the structure of the initial part of the
seismograms on the epicentral distance is noted.

The effect of the reception conditions has been studied appreciably loss.

We selected distant earthquakes recorded by three or four stations of the
test area in 2 years -~ from March 1972 to April 1974, The basic principle
for selecting the materfal was simplicity of shape of the recording of the
first wave -- the presence of a short pulse =~ at even one of the test area
stations. For analysis 188 recordings of distant earthquakes were taken
which are coordinated with the different epicentral zones located in differ-
ent azimuths with respect to the test area which made it possible to

exclude the effect of the direction of arrival of the waves, Table 12 shows
the basic epicentral zones, their azimuths and the number of investigated
earthquakes in each of the zones.

In addition, a study was made of the recordings of individual earthquakes
from Europe, India, Oceania, Iran and other areas.

Sharply different station conditions lead to the fact that the recordings
at the different stations differ significantly from each other, Therefore,
even the high quality of visual comparisons turned out to be inadequate to
discover the basic laws of these differences,
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Figure 53 [See preceding page]. Display seismograms (a) and slaved
racording seismograma (b) and oscillograms of the frequency selection
seismic atation (e) of an explosion (I) and an earthquake (II) in the
vicinity of Medeo

Key:
1. 10 seconds 6. Novo-Alekseyevskaya well
2. Talgar drife
3. Alma-Ata well
4, Ozero
5. All well
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Figure 54. Earthquake distribution with respect to nature of
recording at the Talgar, Ozero, Alma-Ata and All
stations

a -~ the simplest (1) and the most complicated (2) structures of

the seismograms of the initial part of the recordings;

b -~ shape of the recording of the first wave simplest (1),

most complicated (2);

B c -~ frequency of the first wave, highest (1), lowest (2)

The recordings of groups of stations presented in Table 13 were used for
comparison.

The results of comparing the recordings at the Talgar, Alma-Ata, Ozero
and Ali stations are presented in Fig 54.

Initial Part of the Recording, When analyzing the structure of the initial
part of the recqrdtng (about 40 seconds) consideration was given to the
number of waves, their intensity, mutual arrangement, correlatability on
the recordings of the different stations., The results of the analysis

lead to the following conclusions,

Among the ground stations of Ozero, Talgar and Kurty located on outcrops of
bedrock, but under essentially different conditions of the ground relief -~
high 1n the mountains, in the foothills and on the plains -~ the simplest
initial part of the recording is observed at the Talgar station. The
simplest structure of the recording is recorded 10-15 times more frequently
here than at the Ozero station.
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Figure 55, Comparison of the recordings of diastant earthquakes
by the ground surface and deep wells on RTS stations

" (times of arrival at all stations are comparable)
ey:

1. seconds
2. 16 September 1972
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The most complex structure of the initial part of the recording is observed
at Ozero station in 70 to 902 of the cases (when comparing the recordings
of different groups of acations)., The {nitial part of the recording here
In the moat oxtended, intense and least resolved by comparison with the
recordings of other stations (Fig 55),

Such a gharp complication of shape of the recording on the station located
in the mountains was of great interest. In order to exclude the effect of
any strictly local causes connected with the installation site of the
instrument, observations were made at three points within a few kilometers
of each other == on the shore of Bolshoye Alma=-Atinskoye Lake, at the
coronary station and the GAISh Observatory. At all of these points the
recording differed persistently by significantly greater complexity than
at the remaining stations of the test area.

Although the Kurty statfon is located in the plains, it is characterized
by a significantly more complicated structure of the initial part of the
recording than the Talgar station and somewhat simpler or commensurate with
respect to complexity of the recording of the Ozero station. All the sub-
sequent part of the recording at the Kurty station (Fig 55, recordings, 5, 6)
is represented by groups of oscillations, sometimes inferior with respect
to intensity to the first wave, at the same time as at the other stations
the first pulse predominates with respect to intensity. The complex struc-
ture of the recording at this station obviously is caused by nonuniformi-
ties of the upper part of the section. The observations at the Kurty sta-
tion were short-term, and they are inadequate for statistical estimates of
the material,

Deep-Well Stations. It is not possible to compare recordings in a well
and at its head on the day surface directly. The wells of the test area
are located in populated places, under conditions of high surface noise
levels; therefore the recordings at the day surface and at depth are not
comparable. Usually earthquakes which are recorded in a well with readable
_ amplitude are not recorded at all on the day surface. On the contrary, the
recordings of stronger events which give readable amplitudes on the day
surface are completely washed out at the deep~well station. Therefore the
oscillograms of the well stations can be compared and they can be compared
with the seismograms of the ground stations of Talgar, Ozero and Kurty.

At the Alma-Ata, Ali and Novo-Alekseyevskaya well stations the initial part
of the recording, as a rule, is much simpler than at the Talgar ground sta-
tion and the more so at the Ozero and Kurty stations. The recording in the
well is characterized by a short first pulse and a smaller number of waves
or their absence in subsequent arrivals, The subsequent oscillations are
more frequently weaker than the first wave, The seismograms of distant
earthquakes in Fig 56, a 1llustrate this relation in the example of record-
ings {n the Alma-Ata and Al Wells and in the Talgar and Ozero ground
stations.
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The number of cases where the simpleat atructure of the recording at the
Alma-Ata station is observed is 70%, at the same time as at the Talgar
station it ia 202, and at the Ozero atation, 1,5% (Fig 54, a). This form
of recording at the Talgar and Alma-Ata stations is observed simultaneously
in the majority of cases.

The difference in structure of the recording at the Talgar and Ali stations
18 less sharply expressed. Here about 302 of the recordinge are comparable
with respect to complexity, and out of the remaining ones the simplest
recording at the All station is encountered on the average '2 timea more
frequently than at the Talgar station. Thus, by Fig 54, a it is obvious
that in 45% of the cases the All station has the simplest form of recording
(in 25% of them it 1s comparable with the recordings of the Alma-Ata
station) at the same time as at the Talgar station the simplest form is
observed only in 20% of the cases. In the majority of them this 1is simul-
taneously with the Alma-Ata scation.

1f we compare the structure of the recording of the deep-well stations to
each other, then 1t turns out that it is comparable on the whole. If it
differs, then the simpler form 1s observed more frequently at the Alma-Ata
station. The seismograph is buried to a depth of 1 km in the 4=km series
of terrigenic sediments, The more complex shape of the recording is
characteristic of the Al1 station where the seismographs are located in
direct proximity to the basement (Fig 56, b).

At the Novo-Alekseyevskaya deep-well station, observations were performed
in a significantly smaller volume than at the Alma-Ata and Ali stations.
The recordings are the closest with respect to shape to the recordings of
the Alma-Ata station. Let us note that the conditions of the observations
at the Novo-Alekseyevskaya and Alma-~Ata stations are also close. The
axamples of comparison of the recordings of these stations are shown in
Fig 56, c.

It must be emphasized that the similarity of the shape of the initial part
of the recording of the well stations is greater than the ground stations
(see, for example, Fig 56, b). In cases where the low frequencies predom-
inate on the seismograms, which is characteristic of distant earthquakes,
the shape of the recording of not only the first wave, but also all of the
predominant waves in the subsequent arrivals can repeat well at all of the

- test area stations -- ground and deep well -~ in spite of such different
observation conditions, The examples of these recordings can be seen in
Pig 56, b, seismograms 3, 4,

Fig 57 shows the seismogram of a distant earthquake reproduced from the
magnetic tape of the slaved recording system, When matching the times of
arrival at all the stations, good correlatability of individual intense
oscillations in subsequent arrivals is clearly obvious on the recording.
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Figure 56 [see preceding pagel], Simple shape of a recording in the well

- stations of Alma-Ata and Al1 (a), comparison of the recordinga of the
deep well and ground surface stations (b) and peculiarities of the
recordings of the Novo-Alekseyevskaya well station (c)

Key:
1, 10 seconds
2, 7 December 1973

Shape of the First Wave. In order to solve some of the special problems,
for example, estimate the operating efficiency of groups of stations
forming the interference systems, to study and interpret the exchange
waves, and so on, the shape of the first oscillation has great significance.
The shape of the first wave was estimated by the number of extreme and the
nature of the envelope.

When comparing the recordings of the ground stations at Ozero, Talgar

and Kurty 1t is possible to draw the conclusion that the simplest form of
the first wave, just as the entire initial part of the recording, is
observed at the Talgar station. Sometimes the shape of the first oscilla-
tion at this station is the simplest ~- it 1s made up of two to three
extreme (Fig 58, a). However, even in cases where the first pulse is not
distinguished by such a simple shape, it 1s still simpler than at the
Ozero station.

Figure 57. Slaved recording seismogram observed (at the top)
and after matching the times of arrival (bottom)

Key:
1. Talgar
2. Alma-Ata
3. Ozero
4. Ald
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Figure 58. Initial part of the recording of distant earthquakes.
a -- gimilar structure of the initial part of the recording at
all stations; b -~ shape of the recording of the first wave
different (1) and comparable (2); ¢ -- complex interference nature
of the initial part of the recording at the Ozero station
Key:
1. 1 second
2. 23 August 1972

a Although a complex shape of the initial part of the recording is observed
at the Kurty station, the first wave turns out to be frequently just as
simple as at the Talgar station (see Fig 55, seismograms 5, 6) and some-
times even simpler (Fig 55, recording 7).

The simplest shape of the first wave, just as the initial part of the
recording, is observed in the overwhelming majority of cases (70-80%) at
Ozero station located in the mountains and it is an unbroken train of
osclllations of great duration (see Fig 56, a). In essence even here it

- 1s impossible to talk about the first wave, for a large number of waves
are imposed-'on each other. This law is stable, and it does not depend on
the area where the event occurred,

Comparing the recordings of the Talgar, Alma<Ata and Ozero stations out

of the investigated 111 earthquakes in 76% of the cases the first wave has
the most complex, extended form at the Ozero station, at the same time

as this 1is obgerved 1in only 16% of the cases at the Talgar station (see
Fig 54, b).
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However, 1t is necessary to note that recordings are encountered (about
15%) where the pulse of the firat wave at the Ozero station has the
simplest shape. Frequently this is noted simultaneously also at the
Talgar station (see Fig 56, b, seismogram 3; Fig 58, a, b, seismogram 2).
This occurs when the first pulse turns out to be outside interpretation
with the complex train of oscillations following it (rig 55, recordings
5, 6; Fig 56, b, recording 1),

In rare cases the shape of the first wave at the three ground stations is
comparable. Thus, in Fig 58, b, two recordings are presented, the first
of which 1s typical and 1llustrates the difference in shape of the record-
ing of the first oscillations at the three ground stations. The second
recording is characteristic, and it is encountered rarely, It 1llustrates
the good repetition of the shape of the vecording of the first wave at all
of the ground stations.

At the deep-well stations of Alma-Ata, Novo-Alekseyevskaya, and Ali, the
shape of the first pulse is usually much more complex than at the Talgar
station, but it 1s essentially simpler than at the Ozero station (see

Fig 58, a). Thus, for example, when comparing the recordings of the Talgar,
Alma-Ata and Ozero stations it turns out that in 43% of the cases the

shape of the recording of the Alma-Ata well 1is the simplest (here in 12%

of the cases, simultaneously with the Talgar station). At the same time
the simplest shape of the wave at the Talgar station is observed in 55% of
the cases, and at the Ozero station, in ly 15% of the cases (see Fig 54, b).

The recording of the wells is distinguished by a larger number of extrema
(by one or two) and greater duration than at the Talgar station (seg Fig
58, a). In Fig 58, ¢, a seismogram of the initial part of the recording

- of a digtant earthquake is presented with matched times of arrival at three
stations -- Talgar, Alma-Ata and Ozero. It is obvious that at Talgar
station the pulses at the beginning of the recording have the simplest
shape, At the Alma-Ata station they are much more drawn out, and at the
Ozero station they merge into a long, unresolved train of oscillations.,

For explanation of the observed changes 1in shape of the recording of the
wells by comparison with the simplest recording of the first wave by the
Talgar ground station, a calculation was made of the interference oscilla-
tion formed as a result of superposition of wave reflected from the day
surface on the wave approaching from the bottom. The pulses of simple
shape and at different frequency observed at the Talgar station were
selected as the initial pulses. The time of arrival of the reflected wave
at different depths was determined by the vertical selsmic profiling data
in the Alma-Ata well,

Fig 59 shows the results of the calculation for three earthquakes, the first
pulses of which differ significantly with respect to frequency. The

puises recorded in the Alma-Ata well and in the Talgar drift are shown in
Fig 59, a, b for each earthquake; 1in all cases those at Talgar are simpler.
In Fig 59, ¢ calculated pulses are presented for different depths from
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700 to 1600 meters, It is obvious that a depth of 1200 meters the pulses
are extended by comparison with the initial pulses, and with respect to
shape they approach the pulses observed in the AlmaeAta well. The compli-
cation of the pulse shape 1s different for different frequencies. Thus,
whereas in a pulse with a period of T=1,1 second at a depth of 1200 meters
only the amplitude ratio of the second and third extrema varied, for the
pulse with a perjod of 0.8 seconds the complication of the shape 18
expressed in the manifestation of additional extrema, and for a pulse with
T=0.5 seconds, two hole extrema, which increases the pulse duration by

1.5 times by comparison with that observed on the day surface.

At the different well stations -~ Alma-Ata and Ali or Alma-Ata and
Novo-Alekseyevskaya -- the shapes of the first pulses are frequently

close (see Fig 56, b, Fig 56, c, seismograms 1, 2) or somewhat more complex
at the Ali station (see Tig 55, seismograms 3, 4). On the whole the number
of cases where the simplest (just as the most complex) shape of the first
wave is observed at the Alma-Ata and Ali stations is commensurate.

Out of the ground stations, the one closest to the well stations with
respect to the shape of the first wave 1s the Talgar station. 1In Figures
55 and 56 it 1s possible to see the similarity of the recordings of the
Talgar, Alma-Ata (see Fig 55, seismograms 2, 3; Fig 56, b, seismogram &),
Talgar and Ali (Fig 56, a, recording 3; Fig 56, b, scismograms 1, 2),

and Talgar and Novo-Alekseyevskaya stations (Fig 56, c).

A comparison of the recordings of different well stations leads to the con-
clusion that the difference in shape of the first wave, just as the initial
part of the recording is anpreciably less here than between the earthquakes
of the ground stations (see, for example, Fig 56, b, geismograms 1, 2).
This 1s obviously explained by the fact that the well stations are located
in a comparatively uniform series of terrigenic deposits,

In rare cases good similarity of the shape of the first wave on the record-
ings of all of the test area stations is observed (Fig 56, b, seismograms
3, 4).

Frequency Peculiarities of the First Wave. The estimates were made visually
by the display recording and in small volume, by the oscillograms of the
frequency selection station (ChISS) obtained by reproducing the magnetic
tapes of the slaved recording system,

It must be noted that the predominant oscillation frequencies at the differ-
ent stations differ little from each other, and in 307 of the cases the
recording frequency of the first wave at all stations of the test area are
identical. This is explained basically by the fact that the maximum fre-
quency spectrum of the first oscillation of the distant earthquakes is
usually outside the pass band of the frequency characteristic of the seismic
channel. As an example we have the frequency selection seismic station
oscillogram of one of the distant earthquakes in Fig 60, a. Inasmuch as
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Figure 59. Recording of the first wave in the Alma-Ata well,
H=1200 meters (a), in the Talgar drift (b) and
calculated for different depths (c)
Key:
1. seconds

the recording with 0.3 hertz filtration is diminished by 6.4 times with
respect to amplitude, it is clear that the maximum of the spectrum of the
first oscillation is on a frequency not exceeding 0.3 hertz. )

In cases where the spectrum of the initial signal contains components with
frequencies above 1 hertz, the frequency of the recording as a function of
the thickness of the sediments under the station is most clearly manifested,
The highest frequency oscillations are recorded at the Kurty and Talgar
ground stations located on bedrock (see Fig 55), On comparison of the
recordings of the Talgar, Ozero and Alma-~Ata stations in 53% of the cases
the recording at the Talgar station is the highest frequency @imultaneously
11% at the Alma-Ata station and 7% at the Ozero station) and in only

127 of the cases, the lowest frequency, half of them simultaneously with

the Alma-Ata station (see Fig 54, c).
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Figure 60. Oscillograms of frequency selection gseismic station
of distant earthquakes
a -- Talgar gtation, recording amplitude with 0.3 hertz filtration
diminished by 6.4 times; b -- Talgar, Alma-Ata, Ozero and Ali
stations, recording amplitude with 0.6 hertz filtration
diminished by 6.4 times, The slaved recording seismogram is
presented at the top,
Key:
1. seconds

At the Kurty station located in quiet relief, the highest frequency record-
ings are observed by comparison with the rest of the stations of the test
area (see Fig 55, recordings 5-7).

The lowest frequency recordings are received at the Alma-Ata station where
the thickness of the sedimentary mantle under the seismograph is about

3 km., In 40 to 50% of the cases the recordings at the Alma-Ata station

turn out to be the lowest frequency, more than half of them simultaneously
with the Ozero station. The low-~frequency nature of the recording of the
first wave at the Ozero station located in the mountains is in all probabil-
ity connected with the phenomenon of interference of a large number of

waves under the conditions of the complex rellef at the day surface.

In the Ali and Novo-Alekseyevskaya wells the frequencies .of the first
oscillation are usually higher than in the Alma-Ata well, and they are often
commensurate with the frequencies of the recordings at the Talgar station.
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This 18 obuerved especially frequently for the Ali station (Fig 56, b,
Fig 56, c, seismogram 3), which is the result of tha effect of the
sedimentary series (under the seismograms in the Ali well a total of 50 m
of sediments, in the Novo-Alekseyevskaya well, about 1,7 km).

For illustration, Fig 60, b shows the recordings of the stations of the
radiotelemetric test area and the seismograms of the frequency selection
seismic station of a distant earthquake by which it 18 obvious that the
oscillation components above 2 hertz have low intensity (one the 0.6 hertz
filter the recording amplitude is diminished by 6.4 times). If we estimate
the ratio of the amplitudes of the oscillatien components at frequencies
of 0.6 and 1,3 hertz for different stations, it turns out that wherever
the instruments are located on bedrock (the Talgar ground station) and in
direct proximity to bedrock (the Al1 well station), the relative intensity
of the high frequency components (1.3 hertz) is greater than at the
Alma-Ata station located in a series of sedimentary deposits,

Effect of Observation Conditions of the Recording of Local Earthquakes.
In order to study the effect of the reception conditions on the shape of
the recording of local earthquakes (ts..p$10 seconds), the seismograms of
all local earthquakes recorded by no less than three stations in the test
area over a 3-year period from 1 June 1972 to 1 June 1975 were analyzed.

- It turned out that there were about 160 of them, A comparison of the
recordings was made qualitatively for the ground stations (Talgar, Ozero)
and the deep~well stations (Al1, Alma-Ata, Novo-Alekseyevskaya), primarily
by the slaved recording seismograms where the scanning rate is 6 times
8reater than on the display seismograms and also by the frequency~selection
station seismograms.

Whereas for the distant earthquakes the structure of the initial part of
the recording in the shape of the first wave were investigated separately,
for local earthquakes the duration of the recordings of which usually is
20 to 30 seconds, it is natural to investigate the entire recording and to
consider the number of waves in groups of P and S-oscillations, the
intensity ratio Ap/Ag, the overall duration and frequency composition of

. the recordings of different stations for its characteristic. It must be
noted that in the case of nearby earthquakes such factors as the epicentral
distance, the azimuth to the center, the depth of center and the earthquake
energy can have defining effect on the nature of the recording and mask
the effect of the observation conditions on the shape of the recording.
It is necessary to take these peculiarities into account.

The results of comparing the recordings of local earthquakes obtained at
stations under cassentially different conditions lead to the conclusion that
on the whole for local earthquakes the same laws are observed as for
distant earthquakes.

Effect of the Parameters R, H and K on the Shape of the Recording., It is
necessary at least qualitatively to estimate the effect on the shape of
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the reeording of the epicentral distance K, the depth of center H and the
energy of the earthquake K under the conditions of the Alma-Ata test area.

The distance R has a strong influence on the structure of the recording

of the vertical component, especially when the center of the earthquake is
located close to any station., Tt attenuates with removal of the center
from the test area. Although the centers of the local earthquakes occupy
a different position with respect to the test area stations (see the map
in Fig 79, Chapter VI), for the majority of them the Ozero station turns
out to be nearest, the Ali{ station turns out to be the most remote. 1In
order to study the effect of the observation conditions, it was neceasary
to select earthquakes so that the effect of the parameter R will be
excluded for the compared recordings insofar as possible.

The effect of the parameter R on the intensity of the longitudinal wave,
rather on the AP/AS ratio and the recording time, is clearly illustrated,
for example, by the seismogram of earthquake No 265 (see Fig 68). This
ratio on the recording of the vertical component depends strongly on the
direction of approach of the wave, For the same earthquake the maximum
value of AP/AS and the greatest duration of the recording are observed at
the Talgar station closest to the center (see the map in Fig 80, d). On
going away from the center the ratio Ap/Ag on the recording of the vertical
component decreases, and it becomes minimal for the most remote Ali station.
This is connected both with absorption of energy and with a change in
direction of approach of the waves. On going away from the epicenter, the
recording time is also reduced (the Ali station is an exception in this
respect).

The other two parameters H and K, which also influence the shape of the
recording, can be neglected when comparing the recordings of one earthquake
at different stations. However, when discovering the effect of the station
characteristics on the recordings of different earthquakes, they cannot be
neglected. As an example of the effect of the parameter H on the shape

of the recording Fig 61 shows the recordings of three earthquakes with
different depths of center. All of the centers are located south of the
Ozero station (see Fig 80, c) and they are characterized by values of
K=6-7. As 1s quite obvious by the seismograms, with an increase in depth
(for Rconst) the intensity of the longitudinal oscillations and the

Ap/Ag ratio decrease.

The effect of the parameter K characterizing the energy of the earthquake
1s expressed in an increase in the ratio AP/AS and the recording time
with an increase in K,

The geographic position of the center of the earthquake haé defined
influence on the shape of the recording.

Thus, when analyzing the recordings of local earthquakes it is necessary

to deal with the total effect of many parameters on the shape of the
recording, and it 1s not always possible to isolate the effect of only the
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Figure 61. Recording of local earthquakes at different depths
of center II

Key:
1. seconds 5. Ozero
2. 26 June 1974 6. Ali well
3. Talgar drift
4., Alma-Ata well

observation conditions in pure form among them. Therefore we shall dis-
cuss only the most stable laws,

Ground Stations, A comparison of the recordings of the ground stations

at Ozero and Talgar for earthquakes identically removed from both stations
indicates more complex shape of the recording at the Ozero station, which
was also noted for distant earthquakes, If the epicentral distances for
the two stations are different, then more complex recording is observed

at the station which 1s closer to the center, Let us illustrate what has
been said by some examples,
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- Fig 62 shows the recordings of four earthquakes, two of which are located
closer to the Talgar station (a), and two closer to the Ozero atation (b).
On the recordings in Fig 62, a, the most unresolved and prolonged oscilla~
tions are recorded by the Talgar station, and in Fig 62, b, by the Ozero
station. This can be seen most clearly on the slaved recording seismograms.
The fast damping of the high~frequency components and predominance of the
low frequencies in the tail section of the recording most characteristic
for the Talgar station on all recordings attract attention. This is
especially clearly exhibited in the oscillograms from the frequency
selection seismic station., For example, earthquake No 231 (Fig 63) at
Ozero station located two times closer to the center than Talgar has a

more complex recording =-- more extrema, more prolonged and resolved record-
ing on all filtrations except the lowest frequency 0.6 hertz (recordings
with 0.3 hertz filtration frequently turn out to be unreadable as a result
of the high background). On a frequency of 0.6 hertz the recording of the
Talgar station predominates with respect to intensity and duration. The
analogous picture can be observed also on other oscillograms of the fre-
quency selection seismic station.

Now let us consider aome examples of recordings for which the effect of
the parameter R is excluded, that is, for the two ground stations Talgar
and Ozero the epicentral distances are close (Fig 64)., The depths of all
centers H=13-15 km, and the energy class of the earthquakes K=7.4 to 7.7
vary within their own limits, On all the seismograms the recordings at
Ozero station turn out to be more complex, more prolonged, less resolved
than at the Talgar station.

The recordings at Ozero and Talgar stations, which are similar with respect
to shape, are encountered rarely, and they are basically characteristic

of the most remote earthquakes. Some examples of such recordings can be
seen in Fig 65.

The most useful sensitivity realized at the Ozero station and closeness to
the basic centers give rise to the recording of part of the signals (on

the average 15%Z) by only this station (Fig 66). These are predominantly
very close shocks with tg_p=1,5-3.0 seconds. Some of the recordings are
characterized by significant amplitudes, at the same time as at other sta-
tions the useful oscillations hardly exceed the background (Fig 66, a).

The largest number of such signals were recorded in 1974-1975 (see Table 8).

When analyzing the shape of the recording of local earthquakes at the
ground stations of the test area it was of interest to compare the record-
ings of the carthquakes from closely located centers (possibly the same
center) ohtained at different times, The selection of such recordings was -
made in Fig 67, The centers of these earthquakes are approximately 27 km
southeast of Ozero station (see Fig 80, ¢, d). The depths of centers
H=11-~14 km are close. All of the earthquakes are characterized by in
practice the same values of K=6.,6n~7,4, The stability of the shape nf the
recordings at the Talgar and Ozero stations attracts aitention. :n the
deep-well stations the recordings are much weaker, and analysis of their
shape is complicated.
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Figure 62, Recordings of local earthquakes for different
eplcentral distances and location of the centers
closer to the Talgar (a) and Ozero (b) stations

Key:
1. 28 January 1974 5, All well
2. Talgar drift 6, seconds
3. Alma-Ata well
4, Ozero
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Figure 64. Recordings of local earthquakes.
Earthquake centers equidistant from Talgar and Ozero stations
Key:
1. 27 August 1973
2. Talgar drift
3. Alma-Ata well
4. Ozero
5. Ali well
6. 10 seconds

The time intervalsbetween adjacent earthquakes are not the same -- 2 days,
17 days, 8 months. On the upper two seismograms (an interval of 2 days),
impressive similarity of the recordings at the same stations is observed.
Not only the low frequency configuration of the recording characteristic
of Talgar station repeats well, but even its complication with high
frequency, The next seismogram was obtained 8 months later, but the
correlation of the recording at the Talgar station is good, just as before;
only individual high-frequency contractions are distinguished. The high-
frequency recording of the Ozero station is reproduced worse. It is
possible to propose that in the segment of the trajectory from the center
to the Ozero station a change in state of the medium took place during this
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Figure 65. Earthquakes with close shape of the recording of
all of the test area stations

Key:
1. 9 May 1974 4. Alma~Ata well
2. 10 seconds -5, Ozero
3. Talgar drift 6. Ali well

time which was "noted" in tne high~frequency components, at the same time
as on the path of the center to Talgar either the medium remained unchanged
or its variation was not reflected in the low~frequency component of the
recording. Actually, between the center and the Ozero station several
earthquake centers occurred during these 8 months, and between the center
and the Talgar station they were not observed (see the maps in Fig 80, c, d).
Of course, it is impossible to excludz the possibility of nonidenticalness
of the center influencing the high-frequency probability recording.
Finally, on the last seismogram for both stations similarity is observed
(in general features) between the shape of the oscillation recording and
the shape of the waves in the first two seismograms at the same time as
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Figure 66. Recordings of earthquakes recorded only by
Ozero station

Key:

31 May 1973
Alma-Ata well
Ozero
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the relative intensity of the longitudinal oscillations (and shape at the
Ozero station) changed several times, The last seismogram was obtained

9 days after an earthquake occurred 60 km to the west (4 January 1975)
which was the strongest during the observation period (K=11.5), which could
be felt in the condition of the environment and could lead to an increase
in longitudinal wave absorption. 174
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Figure 67. Recordings of earthquakes at the Talgar, Alma-Ata,
Ozero, and Ali stations occurring in one place

Deep-Well Stations. Where the shape of the recording of distant earth~
quakes at the deep~well stations is much simpler than at the ground
stations, this is not so obvious for local earthquakes. When comparing
the shape of the recording at the deep-well and ground stations for
local earthquakes it is difficult to exclude the effect of the factor R,
for all of the deep-well stations are north, and the majority of the
epicenters are in the south and southeast, closer to the ground stations.
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Frequently the shorter and simpler forms of recording at the Alma-Ata well
statfon and especlally the All well atation, as the most remote, can be
connected with this (sve Fig 62, No 190; Fig 61, No 141),

In the case where RpoaRR |, the recordings of the Alma-Ata and Talgar
stations are comparable with respect to shape (see Fig 61) at the same
time as the recording of the Ozero station vhich was closest to the epi-
center 18 the most complex,

For the western centers RA-A:RO the recordings of the Alma-Ata and Ozero
stations turn out to be similar with respect to shape at the same time as
the Talgar station, which is far from the western centers isg characterized
by a simpler shape of the recording (see Fig 68, No 186). The recording

of earthquake No 265 (Fig 68), on the contrary, is more complex at the
Talgar station, for the center is close to the station, and at the Alma-Ata
and Novo-Alekseyevskaya well stations the recording is simpler and close
with respect to shape to the recording of the Ozero station (Fig 62, No 232).
The recordings of more remote earthquakes can turn out to be comparable
with respect to shape at all of the test area stations ~- ground and deep-
well (see Fig 65).

For the observations at internal points of the medium, the waves reflected
from the day surface can have significant influence on the shape of the
recordings. For the high frequency local earthquakes the interference of
the incident and reflected waves, as the calculations have demonstrated
(see Fig 59), can lead to the most different effects, in particular, to the
appearance of additional extrema and extension of the recording, However,
the experimental data frequently give the inverse picture -- the recordings
in the wells for local earthquakes, just as for distart ones, are character-
ized by simpler shape. Obviously, the effect of the day surface on the
shape of the incident pulse turns out to be frequently more significant
(15] than its distortion by superposition of the reflected waves when
recording at the internal points of the medium,

As an example let us compare the recordings of the earthquake of 8 June 1968
in the Alma-Ata well and at the Talgar station (Fig 68), On the well
seismogram the recording of the S-wave is shorter; sometimes by one or two
extrema, and it {s more complex than the Talgar station.

Let us compare the shape of the recordings at different deep-well stations.
This problem is not simple, for in addition to the influeace of the factor R,
which 1s especially strong for the northernmost statio cf Aii, anomalous
recordings are observed at the station =- intengive low-ftequency oscilla-
tions appear in the tail section, The number of recordings in the
Novo-Alekseyevskaya well is limited. The recordings of all three well
stations are compared in Fig 53, a, II, The recordings of the local earth-
quakes at the Alma-Ata and the Novo-Alekseyevskaya stations are similar

with respect to shape. At the Al{ station in'the tail section of the
recordings low-frequency intense oscillations are recorded with reduced
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Figure 68. Recordings of earthquakes at the ground surface and
deep-well stations
Key:
1. 10 March 1975
2, 10 seconds

velocity frequently commensurate with respect to intensity with the group
of S-oscillations (see Fig 64, Fig 68, No 265). On some of the recordings
the intensity of the "loop" decreases (see Fig 61, No 157; Fig 62, No 138,
No 190); in rare cases the low speed oscillations are absent (Fig 61,
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No 1413 Fig 65), and then the Ali station is characterized by the simplest
shape of the recordings, It was not possible uniquely to relate the
peculiarities of the recording at the Al4 station to position and parameters
of the center R, ¢, H, It is only possible to note that the majority of
recordings with low-frequency "loop" are caused by deeper earthquakes
located to the southeast of the test area, and the short recordings are

connected both with shallow and deep centers located to the northeast and
southwest.

Table 14

Konxrze- (3)Hacrora, u (9) Kpyraoma

oo (2) —

Oremmmt  focpen= |y ynome xa yponste | npeotina~ nouu(ﬂnpuul(s)
(1) [cnarrpon |7 (13 | O (5) | 088" | Sve,7 |oaros

. . ' (19) P —aorm
13} Tuwsp ‘24 2,080 1,7-3,6 2,4 063 0,86
i BOupo : 10 1,0-4,5 1,8-6,2 2,9 0,70 0,73
(13) Amx 8. 14-65 0,8-8,5 3,0 0,60 0,80
(14) Amda~Ava 25 2,7-6,8 1,7=7,5 4,2 0,63 . 087
.' . (15) S-omm : -
11) Tamwp 23. 1,034 0635 ' 1,7 . 060 0,88
12§ Oaepo . 18 1,0-3,0*, 0,6-3,7 1,7 0,85 0,81
(13) Anx ' -] 1,6-3,6 ' 3,8 2,4 - 0,81
(14) ‘Anve-ATta t 24 1,8-3,2 -3,8 2,2 - 0,81
) Key:

1, Station 10. P~wave

2. No of average spectra 11. Talgar

3. Frequency, hertz 12. Ozero

4. on the 0.7 level 13, Ald

5. on the 0.5 level 14. Alma-Ata

6. predominant 15. S-wave

7. left slope 0.5/0,7

8. right slope 0,7/0.5

9. Steepness
*By the predominant frequency we mean the geometric mean of the values of
the limiting frequencies of 0.7 level,

Everything that has been stated about the pecullarities of the shape of
the recording of local earthquakes a* the ground and well stations of the
test area reflects the complexity of the situation and complicates the

solution of the problem of the effect of the reception conditions on the
shape of the recording.

178
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5

FOR OFFICIAL USE ONLY

Prequency Characteristics of the Recordings of Local Earthquakes and
xplosions, Let us consider the effect of the observation conditions on
the frequency composition of the recordings. It was reasonable at first
to analyze the frequency characteristics of the explosion recordings in
Medeo Canyon, which took place in practice at one location, and their
number was the greatest by comparison with other explosions, The fre-
quency selective seismic station osclllograms of 26 explosions were
obtained, the energy class of which is basically equal to K=6-8. No
dependence of predominant spectral frequency on the class K was observed
in this narrow energy range.

If we exclude the effect of the epicentral distances, it is possible to
expect that differences in the frequency spectra of explosion recordings
at the stations of the test area are connected with the peculiarities of
the observation conditions.

The basic information ahout the spectra of the P and S-waves of explosions
in Medeo is presented in Table 14, and the average relative (reduced to
£=5.1 hertz) frequency-selective seismic station spectra of these waves
are presented in Fig 69, a, The spectra were processed by the generally
accepted procedure [35, 58],

As a result of analyzing the spectral characteristics, it is possible to
draw the following conclusions.

1. The spectra of the P~waves of the explosions in Medeo at the different
stations differ from each other., The differences are observed both

between the spectra of the ground stations and the well stations, as well

as between the individual spectra at the ground stations (Talgar and Ozero)
and the well stations (Alma-Ata and Ali), The observation conditions at

the Talgar and Ozero stations are approximately identical, and their spectra
are also similar. The differences which exist nevertheless (at the Ozero
station the spectrum of the P-wave has more gently sloping sides and is
somewhat broader than the Talgar station) can be explained by the fact

that the Ozero station is located closer to the explosion point.

2. The spectra of the P and the S-waves of explosions at the Ali and
Alma-Ata well stations are broader and higher frequéncies than at the
ground stations, which is connected with the complete (Al1) and partial
(Alma~Ata) exclusion of the sedimentary series,

3. The spectra of the S-waves of explosions in Medeo at all of the sta-
tions on the whole are similar to each other, especially with respect to
their right slomes, 1In the example of the Scwave spectra it is obvious
that the observation conditions are felt in the frequency characteristics
essentially more than the differences in distances; thus, the spectra

of the S-wave at the Talgar and Alma-Ata stations located at an identical
distance from the explosions (approximately 16 km) but under different
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Figure 69. Average normalized spectra of the shift of the
P and the S-waves of explosions in Medeo (a)
and local earthquakes (b) at the Ozero station
(1), Talgar (2), Alma~Ata (3) and Ali (4)
Key:
1. £, hertz

conditions, are different from each other, At the same time the spectra
of the S-waves on the recordings of the Alma-Ata and Ali stations
although located at different distances (about 16 and 50 km respectively)
but under identical conditions, are identical.

_ Inorder to study the effect of the observation conditions on the frequency
characteristics of the recordings of local earthquakes, more than 40
seismograms were selected for which it was possible to obtain high~quality
frequency selection seismic station oscillograms. For the selected earth-
quakes the predominant value of K is included within the range of 6.0-7,5;
H=0-15 km, tg.p according to the Talgar station it is equal to 5.0~7,0 sec.
In order to exclude the effect of random factors, average normalized

shift spectra of the P and S oscillations were constructed for all the
stations of the test area (Fig 69, b). 4An analysis was made of the
amplitude ratio, which does not depend on the signal level “Af/Asll hertz*

The first thing that attracts attention is the anomalously high-frequency
nature of the recording at the Ali station. This pertains %o the P and

the S-oscillations, and it is a consequence of the observation conditions
(1t 1s remarkable that the Ali station usually 1s removed to the maximum
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from the epicenters), This anomaly was observed sometimes also for
distant earthquakes. The average spectra for the remaining stations
(Talgar, Ozero, Alma-Ata) agree with respect to shape, but with small
differences and more expressed for the P-wave. The spectra of the
longitudinal waves at the Ozero and Talgar stations are very similar,

and at the Alma-Ata station they are lower frequency. This is connected
with the fixed series of sediments under this station,

The noted spectral characteristics of the recordings of the different sta-
tions are well illustrated by the frequency selection seismic station
oscillograms for local earthquakes., Thus, according to Fig 53, c, II,

it is obvious that at the Ali station the maximum recording amplitudes

are noted on the 2.6, 5.1, and 10 hertz filters. For the other stations
the relative intensity of the P and the S waves on these filters is much
lower.

Thus, during the time of the 4~year observations from 1972 to 1976, the

- automated stations of the test area recorded more than 18,000 earthquakes,
distant, nearby and local, including 978 signals with tg_p<l10 seconds,
which were investigated when studying the seismic characteristics of
Alma-Ata. Of them there were 692 local earthquakes and 286 explosions.
Among the latter 70% were explosions in Medeo.

More than 85% of all the earthquakes recorded by the test area stations
belong to the fifth to seventh energy classes which are not representative
for the Kazakh regional station network. The estimate of the energy of
the weakest earthquakes recorded only by Ozero station gives a value of

K on the order of two. The minimum recording time of the earthquakes
with tg_p=1.5-2.5 seconds is 13-14 seconds. Under the conditions of the
Alma-Ata test area the earthquakes of energy class 6 are representative.

The relief of the day surface has the strongest effect on the structure

of the seismograms. The recordings of the stations located in the
mountains are distinguished by the greatest complexity and low resolvabil-
ity. Many waves, polarized in different directions, are recorded here.
The nonuniformities of the section under the conditions of azimuths of
ground relief can have a strong influence on the structure of the seismo-
grams,

The developed procedure for processing the multichannel seismograms of
centralized radiotelemetric recording considering the spatial arrangement
of the stations in the test area made it possible to determine the hypo-

- centers of the earthquakes with high accuracy, The study of the peculiarity
of the recording of explosions, including those occurring in Medeo in
comparative proximity to the locations of greatest concentration of local
earthquake centers demonstrated that the basic criteria for recognizing
explosions and earthquakes are the frequency composition and the shape of
the recording. The local earthquakes can be higher frequency than the
explosions.
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CHAPTER V. OBSERVATION RESULTS

The basic area of work was the equipment-procedural study. The seismic
regime was studied by the way. However, the results obtained not only
confirm the correctness of the developed procedure, but they can be of
independént interest.

It is appropriate to consider the seismic regime of Alma-Ata in connection
with the overall seismicity of Zailiyskiy Alatau,

§1. Seismicity of Zaillyskiy Alatau

The Alma-Ata seismically active region is wholly within the limits of
Northern Tyan'-Shan'. In the north it is bounded by the Dzhungarskiy
Alatau and its spurs; in the west it is bounded by the line from the

city of Tokmak to the mouth of the Kurty River; in the south it is bounded
by the north shore of Lake Issyk~Kul' and Kyungey-Ala~Too, and, finally,
in the east, by the lower course of the Chilik River. The central part of
the area 1s occupied by the Zailiyskiy Alatau Ridge, the axial part of
vhich extends in northeasterly direction, reaching the highest elevation
on the Talgar Peak,

The north slopes of the Zaillyskily Alatau are expressed by low terraced
foothills. The foothills make a sharp transition to the Iliyskdya basin
which drops with insignificant slope to the Ili River basin.

The north slopes of the ridge are cut by the deep transverse slopes of the
following rivers: .Kastek, Karastek, Kaskelen, Aksay, Bol'shaya Alma-Atinka,
Malaya Alma-Atinka, Levyy Talgar, Issyk, Turgen' and the longitudinal
Pravyy Talgar and Asy River valleys, The south slope of the Zailiyskiy
ridge is dismembered by short transverse river canyons, and in the
western part it belongs to the Bol'shoy Kemin system; in the eastern part
it belongs to the Chilik River system,
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Figure 70. Tectonic diagram of North Tyan'~Shan'

1 -~ deep fracture zones: Northern Tyan'-Shan' (a),
Kaskelenskaya (b), Alma-Ata (c), Zalliyskaya (d), Kemino~
Chilik (e), Tyupskaya (f), Terskeyskaya (g);

2 -~ active regional faults; 3 -~ inactive regional faults

Key:
1. Kurty 7. Alma-Ata 18. Charyn
2, Malay-Sary Ridge 8. Kirgizskiy 19. Panfilov
3. Ili 9. Tokmak
4, Kapchagay reservoir 10, Zailiyskiy Alatau Ridge
5. Talgar 11, Kyungey-Ala~Too Ridge
6. Uzunagan 12, Chu
i3, Tssyk Kul' Lake
14, Przheval'sk
15. Tekes
16, Kagen
17. Ketshen' Ridge

- The Kyungey-Ala-Too Ridge extends in latitudinal
to the Zailiyskiy Ridge from the south of ie,
Chotkal Mountain, located to the southwest of
west the ridge ends up at the Chu River,
two parts between which the broad section
located. The south slopesof the ridge,
of Lake Issyk-Kul',

direction almost parallel
Its highest point is

the Talgar Peak. In the

and in the east it branches into
of the Chon-Aksu valley is

dropping down, end up as the shore

The Zailiyskiy Alatau and Kyungey~Ala~Too Ridges, on approaching the more
central section, form a single Keminow~Chu Mountain complex, to the north~
west of which the city of Alma-Ata is located in the valley of the Malaya
and Bol'shaya Alma-Atinka Rivers, To the west and east the distance
between the ridges increases, and the ridges are s'plit by the two river
valleys of Chon-Kemin and Chilik which are elongated in the sublatitudinal
direction.
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The basic large structural elements of the investigated part of Northern
Tyan'-Shan' are separated by deep faults existing since the Paleozoic,
The intensity of the movements along the faults in the iaat stages of
geological development was the greatest, The schematic™ of the deep
faults 1s depicted in Fig 70, The faults controlling the movements of
the investigated reglon must be considered to be the Alma-Ata fault with
the Zailiyskiy fault adjacent to it separating the mountain system of
the Zailiyskiy Alatau from the Iliyskaya basin, and the Kemino~Chilik

- with the Tyupskiy branching from it., These faults have the greatest extent
and are characterized by especially intense latest movements along them,
Obviously, an important role in the tectonic development of the region is

also played by the faults of short extent, the activity of which is
exhibited in the Holocene.

The differentiated nature of the tectonic movements of Northern Tyan'-Shan'
{the intense ascending displacements of the mountain structures and the
descending basins) finds its reflection in the nature of the seismicity
of the region. With respect to level of manifestation of modern weak
seismicity Northern Tyan'-Shan' differs comparatively little from the
seismicity of all of Tyan'~Shan', However, against this comparatively
"quiet" background the largest seismic disagters quite frequently occur,
Thus, at the end of the last century and the beginning of this century
four earthquakes occurred here, one of which (Kebinskoye 1911) is the
largest; its magnitude reached 8.4~8,6. Close to it with respect to
intensity was the Chilik earthquake of 1889. The magnitude of this shock
1s estimated at approximately 8. The weakest, but most destructive for
Alma-Ata (previously Vernyy) was the Verdy earthquake (1887 and, finally,
the weakest of them, the earthquake of 1938 (M=6,5), the center of which
is located at the confluence of the Chon-Kemin and the Chu Rivers. The
three strongest earthquakes appeared at the earth's surface in sections

of significant extent of residual deformations (Fig 71). All of them have
been preserved up to the present time.

The center of the earthquake of 1887 was located between the valleys of
the Aksay and Talgar Rivers [41], Here the earthquake deformations were
exhibited most clearly on the Zailiyskiy fault. The degree of these
deformations decreased from Aksay to Talgar,

The earthquake of 1889 was accompanied by large dislocations with a break
in continuity and landslips in the valley of the Chilik River from its
source to the meridional turning of the river to the north [42], The dis-
turbances of the gsurface and the landslips were also observed somewhat to
the south in the vicinity of Dzhalanash settlement. The eastern edge of
the center of this earthquake has a more intense manifestation at ground
surface by compariscn with the western edge, After the meridional turn

1Compiled by V. N. Krestnikov, N, V. Chigarev, T, P. Belousov,
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Figure 71. Map of strong earthquakes in Northern Tyan'~-Shan'
Provisional notation: 1 -~ K=12; 2 ~~ K=13; 3 -~ K=14;

4 —- K=15; 5 == Kal7; 6 == K=18; 7 ~- 1929-1950; 8 -~ 1951-1967;
9 -~ 1965~1975; 10 -~ deep faults; 11 -~ regions of deformation
of the day surface

Key:
1. Kurty - 11, Terskey-Ala-Too Ridge
2. I1i { 12, Lake Issyk~Kul'
3. Kapchagay reservoir 13. Rybach'ye
4., Panfilov 14, Zailiyskiy Alatau Ridge
5. T1li 15. Kyungey-Ala-Too Ridge
6. Charyk 16, Chu River
7. Chilik 17. Uzunagach
8., Ketshen' Ridge 18. Alma=-Ata
9, Tekes

10. Przheval'sk

in the Chilik River at the present time no noticeable residual disturbances

of the earth's surface are visible, but it must be noted that the isoseisms

of this earthquake have clearly expressed northeasterly strike. The region

of force 9 tremors encompassed a significant area in the eastern part of

the Alma-Ata region. The force 8 isoseism extended from Dzhungarskiy Alatau
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in the northeast to the south shores of Lake Issyk~Kul', and from Chundzhi
in the east to Talgar in the west, The axls of this recording is
stretched to 260 km in the northeasterly direction and 160 km in the
sublatitudinal direction [31],

The Kebin earthqualke of 1911 exceeded all of the preceding ones with respect
to force [7]. The most clearly deformation processes were expressed in the
Chon-Kemin River valley over its entire extent and on the Tyupskiy fault
from where it branches off the Kemino-Chilik fault to the northeastern shore
of Lake Issyk-Kul'. Significant deformations are also observed now in the
castern sectlon of the entire center region of this earthquake, In addition
to the basic disturbances along the faults, deformations and landslips were
observed on the Tyungey-Ala-Too Ridge and the Zailiyskiy Ridge. Thus, the
entire southwestern part of the investigated region of Northern Tyan'-Shan'
was encompassed by this earthquake, The rotation of the center of the
earthquake from sublatitudinal in the Chon~Kemin valley to southeastern
along the Tyupskiy fault is a highly characteristic and important character-
istic of it.

The Kemin earthquake of 1938 had a small region of force-9 tremor at the
confluence of the Chu and the Chon-Kemin Rivers [10]. 1Its force 8 iso-
seism was observed only in the westerly direction, and the force-7
encompassed a significant territory of Central Kirgizia and the entire
region of Northern Tyan'-Shan' of interest to us,

The noted earthquakes are not the only ones according to the catalog data
[43]. The earthquake of 1807 is known in the Medeo Canyon. There is
undefined information about the earthquakes of the 18th century.
. I. Bogdanovich [7] reports a destructive earthquake in the 9th century.
The geological data indicate the seismotectonic nature of the rock-dammed
_ lake Issyk in the upper course of the Issyk River. There are substantiated
geological data on the seismotectonic processes in the Kirgiz Ridge.

At the southern boundary of the investigated region 18 km east of
Przheval'sk the Sarykamyshskoye earthquake occurred in 1970, the magnitude
of which was 6.8 [13],

A brief description of the strong earthquakes in Northern Tyan'~Shan'
indicates that their centers have significant dimensions, and the residual
phenomena are in the majority of cases coordinated with the zones of deep
faults controlling the tectonic life of the entire region. 1In additionm,
some of the peculiarities of the shape of the isoselsma of these shocks
indicate that the centers of these earthquakes can be coordinated not only
with the explicitly expressed faults, but they are also connected with

the newl, formed tectonic zones,

These data indicate that both with respect to strength of the known earth-
quakes and with respect to their recurrence réte, the. region of Northern
Tyan'-Shan' must be considered one of the potentially most dangerous
regions of the USSR in seismic respects.
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An instrument study of the earthquakes of Northern Tyan'-Shan' was started
in 1929 -- the time of opening several of the seismic stations in Central
Asia (Alma-Ata, Andizhan, Frunze, Samarkand) to supplement the Tashkent
station existing at the time of B. B, Golitsyn, This quite meager network
equipped with Nikiforov seismographs permitted determination of the
position of the epicenters of the earthquakes corresponding to classes
11~12 with respect to energy X, although with large errors.

Fig 72 shows a map of the epicenter for the period.from 1929 to 1950 when
the station network did not change. In spite of the limited possibilities
of the first network, it is impossible not to note the fundamentalness of
this period of instrument observations glving the first clear concept of

the nature of the seismicity of all Central Asia and, in particular,
Northern Tyan'-Shan' [53].
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Figure 72. Earthquake epicenter map for 1929-1950

Key:
1. energy class 5. Kapchagay reservoir 9. Kirsiz Ridge
2. Taldy-Kurgan 6. Alma-Ata 10. Zailiyskiy Alatau Ridge
3. Panfilov 7. Chu 11. Rybach'ye
4. 114 8. Frunze 12. 1Issyk-Kul' Lake
13. Przheval'sk 14, Terskey-Ala-Too Ridge 15. Naryn River
16. Naryn: 17. Chatyr-Kel' Lake
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- The year 1951 was the turning point in the development of selsmological
studies of Central Asia and especially Northern Tyan'~-Shan'. Beginning
in that year a new, significantly broader network of stations began
operation in Asia, and Academician G. A, Gamburtsev organized the regional
network of stations of the Earth Physics Institute of the USSR Academy of
Sciences in Tyan'~Shan', permitting determination of the epicenters of
earthquakes with quite high accuracy, in individual cases also their
depths were determined, and making it possible to compile the energy
classification of the seismic shocks [9]. This network included the
following stations: I1i, Talgar, Fabrichnaya, Kurmenty, Chilik., The
Alma-Ata station operated as before, The Przheval'sk and Rybach'ye sta-
tions supplemented the network on the south. As a result, sixth and
seventh class earthquakes began to be recorded, although from the point of
view of representativeness, the existing observation 'system for these
classes of earthquakes was still insufficient, The increase in number of
stations up to 1961 and their reequipment with the new SKM devices insured
a further increase in accuracy of determining the geometric parameters of

- the earthquakes and also the energy classes.

Beginning in 1969 all of the seismic operations in Northern Tyan'-Shan'
were transferred to the Geological Institute of the Kazakh SSR Academy
of Sciences, and in 1976, to the Seismology Institute of the Kazakh SSR
Academy of Sciences where the development of the seismic operations in
Northern Tyan'-Shan' is continuing jointly with the Seismology Institute
of the Kirgiz SSR Academy of Scilences.

The maps of the epicenters in Flgures 71~74 give an idea of the seismicity
of Northern Tyan'-Shan' in the vicinity of Alma-Ata for different time
intervals. Figure 71 shows the epicenters of the strongest seismic shocks
from energy class 12 and up during the entire period of instrument observa-
tions. A complete idea of the nature of the seismicity of the region is
given by the map of the epicenters of energy classes 9 and 10 (Fig 73),
inasmuch as these classes are the most representative for the entire
observation time. However, it is necessary to consider that the accuracy
of determining the epicenters before 1951 was essentially lower by compari-
son with the subsequent years.

In Fig 74 it is possible to isolate several localized seismic zones. First
of all, let us note the selsmically active zone extending from the sources
of the Chon-Kemin and Chilik Rivers along the southwest slopes of the
Kyungey-Ala-Too Ridge, This zone approaches the city of Alma-Ata with a
small turn somewhat to the west and breaks off sharply, Then in the
western part of the region, primarily along the north slopes of the
Kyungey-Ala~Too Ridge to the Chu River a seismic belt is traced which has
comparatively low activity, From the northeast corner of Lake Issyk-Kul'
to the epicenter of the earthquake of 1889 there is a region of highest
selsmic activity, The dimensions of this zone are not great, but the
greatest density of earthquakes in Northern Tyan'~Shan' is observed within
its limits. )
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From the eplcenter of the Chilik earthquake of 1889 two somewhat worse
located directions of propagation of the eplcenters are noted: oke of them
coincides closely with the Chilik River valley after its turn in the
meridional direction, and the other has a northwesterly strike in the
direction of the mouth of the Alma~Atinka River. It 1s possible to note
small meridional accumulation of epicenters in the region along the

Turgen' River in the central part of the first of the investigated zones.
Within the limits of the remaining part of the territory the epicenters

are scattered quite randomly, and there is an insignificant number of them.

o
-

Figure 73. Map of earthquake epicenters for 1951-1967
The epicenters with K=9 (1) and K=10 (2) for 1961-1967 are
crosshatched,
Key:
1. 1I1i; 2, Kapchagay reservoir; 3, Alma-Ata} 4, Charynj 5. Zailiyskiy
Alatau Ridge; 6. Kyungey-Ala-Too Ridge; 7. Rybach'ye; 8. Lake Issyk-
Kul'; 9, Przheval’skj 10, Chilik.
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Figure 74. Map of earthquake epicenters from 1965 to 1968,
The numbers on the earthquake symbols indicate the energy class
Key:

1. T14; 2. Altyn Emel' Ridge; 3. I11; 4. Kapchagay reservoir;
5. Charyn; 6. Kaskelen; 7. Talgar; 8, Turgen; 9. Chilik;
10. Alma-Ata; 11. Talgar; 12. Zailiyskiy Alatau Ridge; 13. Kyungey-
Ala-Too Ridge; 14. Chon ~Kemin; 15, Tokmak; 16, Chu; 17. Rybach'ye;
18. Lake Issyk-Kul'; 19. Kegen

On the map of the strongest shocks (see Fig 71) on the whole an analogous
picture of the earthquake distribution is observed, The most active is
the carthquake belt coinciding with the Kyungey-Ala-Too Ridge and its
position in the direction of Alma~Ata, Some "fuzziness" of the observed
distribution of the epicenters is explained by the lower accuracy of
determination for 1951. It {is necessary to pay attention to the fact that
stronger and stronger shocks in recent vears have occurred in the eastern

Z parts of the region along the line coinciding with the meridional direc~
tions of the Chilik River,
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Finally, let us discuss the map in Fig 74 constructed by the observation
data for 1965-1968 separately. During this rime the complex seismological
expedition in Northern Tyan'-Shan' opencd up a number of temporary sta-
tlons which made 1t possible to increase the accuracy of determining the
epicenters and their depths (Fig 75), From investigation of Fig 75 it
follows that the majority of the earthquake centers of low energy classes
are associated with the narrow range of depths from the first kilometers
to 12, The deeper centers are encountered significantly more rarely
(according to the data for recent yearr), and in the majority of cases
they belong to the strong seismic shocks of class 11-12,

In Fig 74 the basic nature of the earthquake distribution is analogous to
the earthquake distribution on the preceding maps, Nevertheless, it is
possible to note some characteristic features. 1In the west two clear belts
of epicenters of northwesterly strike are isolated which intersect the
deep belt zones. The basic number of earthquakes in this map, the region
of propagation of which occupies a significantly greater area, belong to
energy class 7. Beginning with energy class 8 the earthquakes are located
- near the basic seismically active zones (see the beginning of this item).
- The "contraction" of the earthquakes of stronger classes into narrow zones
1s a quite characteristic feature of the manifestation of seismicity,

Thus, the seismic material indicates that the modern ceismicity appears

quite stably in different observation times, and the use of weak earthquakes
_ to isolate the seismically active zones turns out to be justifiable in

spite of the high degree of "diffusion" of the epicenters of the weakest

shocks,

On all of the maps of the epicenters it is obvious that east of the city

of Alma-Ata on the Alma-Ata and Zailiyskiy faults no clearly expressed

grouping of the weak earthquakes 1s detected although the strong earth-
. quakes of the past were connected with them.

The region of increase in modern seismicity 1s closely connected with the
sections within the limits of which the disastrous earthquakes at the end
of the past century and the beginning of this century were strongly
exhibited. The available material does not permit a definite conclusion

to be drawn about whether the modern weak activity is aftershock activity
of the strong earthquakes of the past or the zones isolated with respect

to weak seismicity will be future locations of strong earthquakes. Never~
theless, the fact that the seismic activity of recent years is gradvally
increasing in the eastern part of the region (on the meridian of the Chilik
River) deserves fixed attention, The experience of studying strong earth-
quakes in the different seismically active regions of the earth indicates
that the strong earthquakes occur most frequently against a background of

a general rise in activity of the region adjacent to the center of a strong
shock although before the shock itself on this background of increasing
activity weakening of the seismic activity can be observed.
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Figure 75. Diagram of the distribution of the depths of the
earthquake centers in the directions from the
northeastern corner of Lake Issyk-Kul' to

Alma-Ata (a) and to the epicenter of the earth-
quake of 1889 (b)

Key:
, 1. energy class

Figure 76. Recurrence rate of the

earthquakes of Northern Tyan'-Shan'
1 -- 1929-1950; 2 -~ 1951-1961: 3

~ 1962-1967; 4 -- 1972-1975 (RTS)
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Figure 77. Benioff graph for Northern Tyan'-Shan'
Key:
1. years; 2. joules

Let us consider the graphs of the recurrence rate of earthquakes for
different times of instrument observations (Fig 76). The period from

1951 to 1961 1s marked by increased activity by comparison with the later
times. During this period the activity Ajg reduced to an area of 1000 km2
and the time interval of 1 year had a value of 0.2 for an angular coefficient
of the slope of the graph y=0,47. The next time interval of 1961-1967 has
A10-0.1, and the slope of the graph y=0,55, The increase in the slope is
connected with general attenuation of the activity for the 1962~1965
period. During this period the number of earthquakes of energy classes 9
and 10 was minimal for the entire observation time. The later time interval
of 1968~1972 (not presented in Fig 76) 1s similar with respect to level of
activity to the preceding one, y=0.5 [55, 56]. A comparison of the graphs
with the radiotelemetric system data (RTS) of the observations in recent
years indicates that the graph of the recurrence rate 4 turned out to be
somewhat higher with respect to activity level, A1¢=0.13, and the angular
coefficient of the graph y=0.46, which is connected with general weak
increase in activity of Northern Tyan'~Shan' in recent years. It is sig-
nificant that the weak earthquakes of sixth to seventh energy class are
indicated with a common behavior of the recurrence rate graphs in the
preceding years. This fact justifies the study of the characteristics of
the region with respect to weak seismicity, and the relation of the weak
earthquakes to the stronger ones (K=10-~12) can indicate the nature of the
activation of the region in the future.

The graph for the isolation of seismic energy of the region of Northern
Tyan'-Shan' 1s presented in Pig 77, On construction of it, the assumption
was made that during the periods of weakening of the seismic activity

of the region the course of the energy release differed little from that
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observed by the instrument data for the period since 1929; the energy of =
the seismic shock of 1807 was approximately the same as the earthquake

of 1887. From the graph it is possible to draw the conclusion that the
relative quiet in the seismic activity observed in recent years must be
replaced in the near future by significantly growing activity. The avail-
able time reserve must be spent on the development of more detailed geo~
physical and seismological operations in order to predict the time of a
possible strong shock. On» of the phases of this work is the radio-
telemetric recording system,

§2. Seismic Characteristics of Alma-Ata

The Alma-Ata test area is in a seismically active territory which has been
studied by seismologists for a long time. The most complete information
on the seismic conditions of the entire region and also the Alma-Ata
seismically active region for the period from 1951 to 1967 were obtained
as a result of the work 5Z the complex seismological expedition of the
Earth Physics Institute of the USSR Academy of Sciences for the period
from 1966 to 1972 -- the Iliyskaya expedition, and in recent years, the
Institute of Geology and Geophysics of the Kazakh SSR Academy of Sciences,
The specific nature of the observations of the test area of highly sensi-

determining the position of the epicenters and the depths of the centers,

as a rule, did not exceed +3 to 5 km. This made it possible to study the -
time-space laws of the distribution of the weak local earthquakes in a

very local region adjacent directly to the city of Alma-~Ata which is

impossible to do by the regional network observations.

Let us proceed with the discussion of the results obtained by the observa-
tion of the seismic conditions for the period from June 1972 to July 1976.
When studying the seismic regime, in addition to determining the spatial
position of the earthquake centers (the construction of the epicenters)
estimates were also made of the mean recurrence rate of the earthquakes
and its variations in time for the area as a whole.

Epicenter Maps, The maps of the epicenters reflect the spatial position of
the centers in the investigated region, 1In order to construct maps of the
epicenters under the conditions of the test area, the fixed energy class

of earthquakes 1is representative, for the epicenter distribution does not
depend on the location of the stations for it, The epicenters of the

fifth energy class earthquakes are basically constructed by the two southern
stations of Talgar and Ozero; for them t -p usually 1s 3~5 geconds, These
earthquakes characterize the seismic coniitions in a radius of 25-30 km of
the Talgar and Ozero stations.
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The depths of the centers are reckoned from the reductlon line (see Fig 41,
a). ‘Their gradation on the eplcenter maps is given every 10 km; on the
depth maps it is given every 5 km, The maps of the epicenters are pre~
sented both with respect to years and for the entire observation period.
The center depth map was compiled separately,

Over the extent of the entire period of instrument observation from 1929
to 1967 according to the data from the complex seismological expedition
and from 1966 to 1971 according to the research data of the Iliyskaya
expedition with the Zemlya type equipment [3, 50, 54, 55], the Zailiyskiy
- and Kungey Alatau region appeared to have the same seismic activity,
Fig 78 shows a map of the epicenters of the nearby earthquakes of the
- Alma-Ata seismically active zone for 1966 to 1971 from reference [54].
The territory that we investigated 1s outlined on it. The results of these
f | studies are of interest as directly preceding our observations in the
radiotelemetric test area.

As follows from investigation of Figures 78 and 79, the epicenters of the
earthquakes in the investigated territory are distributed highly nonuniformly.
The greatest density of the epicenters of all the energy classes on both

maps is observed south of the test area. This is the central part of the
Zailiyskiy and Kungey Alatau Ridges.

A line running through the sections with increased density of epicenters
according to the 12-year observations of the complex seismological expedition
(1956-1967) and also the belts of high seismic activity according to the

data of reference [3] 1s plotted on Fig 79. According to our data, it is
possible to realize a more detailed breakdown of the region of ligh seismic
activity and locate the individual sections of concentration of the earth-
quake centers. We have provisionally isolated three zones of high seismic
activity. Let us call them the "western" zone, the "central" zone and

the "eastern" zone.

The "western" zone of concentration of epicenters extended in the form of a
strip with a width not exceeding 20 km in the southwesterly direction from
Alma-Ata is more clearly outlined (it is also noted in Fig 78). The earth-
quakes are observed here in a wide range of energy classes, including K=9,
10 and 11. The western zone in the southwest ends with the epicenter of
the strongest earthquake during the entire observation time in the test
area with K=11.5 on 4 January 1975, The direction of the strike of the
strip forms a small angle with the direction of strike of the Alma-Ata

and Zailiyskiy zones of deep fractures (Fig 79),

The second zone -~ the central zone = 1s separated from the first section
by reduced seismicity; this 1s a section of maximum concentration of epi~
centers of all energy classes. It 's located to the vouth and southeast
of the stations of the test area and it 1is associated with the central part
of the Zailiyskiy and the Kungey Alatau Ridges, The zone does not have

a clearly expressed direction of strike. In the south it is surrounded by

195
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5

FOR OFFICIAL USE ONLY

—t R4
E=2 LIy oy oy
l_{f:lo |_¢on IE" I_'_]"L ° ]uL 7z ml mu

Figure 78. Schematic of the epicenters of nearby earthquakes of
the Alma-Ata seismically active region for 1966-1971
[54]
Provisional notation: 1 -- deep fracture zones penetrating into
the mantle (a) and into the basaltic layer (b); 2 -~ deep fracture
zones renewed in alpine time; 3-10 ~- epicenters of earthquakes
of the following energy classes; 3 —- fourth, 4 -~ fifth, 5 --
sixth, 6 -~ seventh, 7 -~ eighth, 8 ~~ ninth, 9 ~~ tenth, 10 ~-
eleventh; 11 =- epicenter of the disastrous earthquake; 12-16 -~
location of hypocenters with respect to depth in km; 12 -~ to 10,
13 ~= 11~20, 14 -~ 20~30, 15 «~ more than 30, 16 -~ depth not
determined.
The fracture zones (the numbers in the figure) are as follows;
1 -~ Taukumskaya, 2 -~ Central Kazakhstan, 3 ~- Bakpatinskaya,
4 - Yuzhno-Dzhungarskaya, 5 =~ Sarykumskaya, 6 =~ Altyn~Emel'skaya,
7 -~ Dzhalair-Naymanskaya, 8 ~- Chemolganskaya, 9 ~a Severo~Tyan'-
Shan'skaya, 10 ~- Chiliko-~Kemingkaya, 11 «~ Severo -Issyk-Kul'skaya.
[See key on following page]

A
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[Key to Fig 78]:
a. Balkhash block; b, Taukunskiy block; c, Chuiliyskiy block;
d. Moyunkunskiy block; e, Duzhungarskiy block; £, Koskudukskiy
block; g. Targalskiy block; h, Chilikskiy block; 1. Chuyskiy block;
J. Alma-Ata; k. Zailiyskily block; 1. Kungeyskiy block;
m. Issyk-Kul'skiy block

a region of quite sharp reduction in seismicity (at a distance of 40 to

= 45 km south of Ozero station) although the earthquakes with K>6 would
have to be recorded by the Ozero, Alma-Ata, and Talgar stations. To the L
east the density of the epicenters decreases gradually, and the outline
of the zone is blurred. On the whole the strike of the zone close to
latitudinal which matches with the strike of the mountain ridges in the
general scheme of the tectonic structure is noted,

The section with three zomes of deep fractures joined is characterized
by the greatest activity: Severo-Tyan'~Shan'skaya from the west and the
Kemino-Chilik and Tyupskaya from the east. Within the boundaries of the

R zone there are two centers of disastrous earthquakes in the past: at the
southwest extremity, the most serious disaster in the world, the Kebin
earthquake of 1911 (M=8.7), in the central part of the :zone, the
Vernenskoye earthquake (M=7.2). The zone spreads to the east, and the
epicenter concentration increases.

The third zone of clustering of the epicenters is located on the eastern

edge of the region of investigation., It separates the strips of relatively A
low activity which are less clear in the southeasterly direction from the
"central" zone. The position of the epicenter concentration belt agrees
generally speaking with the zone of high seismic activity isolated in
reference [3]; it is true that the epicenters are shifted somewhat to the
east. The density of the epicenters in the zone 1s not very high., It
increases in the southern part of the zone in the eastern spurs of the
Zailiyskiy Alatau. In this zone the e'ghth energy class earthquakes are
concentrated to a higher degree than all the rest (especially in the south).
This is partially connected with the remoteness of the zone from the station
network.

When investigating the summary map of the epicenters (Fig 79) the complete
absence of centers north of Alma-Ata and Zalliyskaya fracture zones is
noticeable, indeed even in the ceatral part of the zone. This fact was

not noted earlier (see, for example, the map in Fig 78). The high accuracy
of the construction provided by the radiotelemetric recording made it
possible to locate both the regions of accumulstion of centers and the
aseismic regions,

Activity of Individual Seismic Zones in Time, The annual maps for 1973,
1974, and 1975 and the semiannual maps for 1972 and 1976 give qualitative
representations of the varfation in activity of the investigated region on
the whole and individual zones of it in time, From Fig 80 it follows that
the migration of the centers in time and 1in gpace is significant, This was
also noted in a number of other papers [3, 54, 55], The activity of the
zones is manifested differently in time,
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Figure 79, Summary map of the epicenter according to the
observation data in the Alma-Ata test area for the
period from 1 June 1972 to 1 July 1976.

Provisional notation: 1 -- deep fracture zdnes: Severo-Tyan'~

Shan'skaya (a), Alma-Atinskaya (b), Zailiyskaya (c), Kemino-

Chilikskaya (d), Tyupskaya (e); 2 -~ zones of high seismic

‘‘activity according to *“e data of [31; 3 =~ line passing through

the sections with increased density of epicenters foc 1956-1967
according to the data of the complex seismolopical expedition;
I-1', II-II', III~III' ~~ axes of the strips for which the time-~
space laws of the earthquake distribution were analyzed.

1. Energy class; 2, K not determined; 3, depth; 4, not determined to

10 11-20 21~-30; S5, Kuskelen

} 6, Ali} 7, Talgary 8, Iasyk;

9. Kalchagay reservoir; 10, Novo-Alekseyevcikaya; 11, Alma-Ata;

12. Talgar; 13, Ozero; 14,
16, Kyungey—-Ala=Too Ridge;

Chilik; 15, Zailiyskiy Alatau Ridge;
17, Lake IssykeKul',
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In the second half of 1972 (Fig 80, a) the seismic activity is low,

The accumulations of the centers are observed in three areasi gouthwest
of Alma-Ata ~- the greatest concentration in the "western" zone; south
of Alma-Ata, in the area of the "central" zone where two earthquakes

of energy class 9 were recorded in direct proximity to the city, one of
them was felt as a force 3 to 4 earthquake, and in the eastern spurs of
Kyungey-Ala~Too Ridge where the accumulation of epicenters 1s associated
with the Tyupskaya deep fracture zone. An earthquake with K=9 was
recorded here. 1In the eastern zone only individual earthquakes were
observed, one of them with energy class 10 on 4 November 1972,

- In 1973 (Fig 80, b) the seismic activity of the area increased signifi-
cantly basically as a result of the weak earthquakes of the sixth energy
tlass and lower. The number of earthquakes of energy class 9-10 decreased
from 8 in 1972 to 3 in 1973,

The seismic activity in the "western" zone and in the vicinity of the
Tyupskaya fracture zone was reduced significantly. South of Alma-Ata,
no earthquakes were observed. Then the "central” zone of Zailiyskiy and
Kyungey Alatau became active. The high concentration of epicenters here
encompassed a large territory of latitudinal strike. Two energy class 9
earthquakes occurred. A separate group of centers appeared east of the
Talgar station (by 25 to 30 km).

Finally, the seismic activity of the eastern zone increased, in the northern
part of which an earthquake occurred on 24 January with K=10, the only one
in 1973,

In 1974 (Fig 80, c¢) high seismic activity remained in the region, but the
internal structure of the epicenter distribution changed. Again the
western zone became active. An earthquake of energy class 10 occurred
here on 6 May. Near Alma-Ata a small accumulation of centers of weak
earthquakes was observed (K¢6). The concentration of the centers in the
central zone did not decrease. Only the configuration of the area of high
seismic activity changed somewhat -- it moved toward Alma-Ata (close to
Ozero station), growing in the southwestern and northeastern directions
where it encompassed a group of epicenters to the southeast of the Talgar
station. In the central seismically active zone an earthquake occurred on
27 April with K=10, one out of three in this year. The "eastern" zone
became active in the soutk. An accumulation of centers with K=8-10 was
observed here (an earthquake with K=10 occurred on 31 December) characterized
by shallow depths of occurrence.

By the epicenter map for 1975 (Fig 80, d) it is possible to determine some
decrease in seismic activity in the "central" zone and in the southern part
of the "eastern" zone, The activity of the "western" zone remained. On
the southwest end, at the very beginning of the year (4 January), an earth~
quake of energy class 11 occurred (K=11.5)., Two months later in the oppo-
site, northeastern edge of the "western" zone an earthquake was recorded
with K=9, one out of three in that year, and then an earthquake with K=8,
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Figure 80. Maps of the epicenters for the period of 1 June to
31 December 1972 (a), for 1973 (b), 1974 (c),
1975 (d), for the period from 1 January to 1 July 1976

(e)
Key:
1. energy class 8. Talgar 15, Kyungey-
2. K not defined 9, Issyk Ala-Too Ridge
3. depth 10. Alma-Ata
4. not defined 11, Talgar
5. to 10 12, Ozero
6. Kapchagay reservoir 13. Zaillyskiy Alatau
7. Kaskelen 14, Chilik
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Figure 80 {[continued], The numbers near the epicenters are
the order numbers of the earthquakes in the catalog (Appendix I)

Key:
1. Kaskelen 8. Ozero
2. Kapchagay reservoir 9. Zailiyskiy Alatau
3. Al 10, Chilik
4, Talgar 11. Kyungey-Ala~Too Ridge
5. 1Issyk
6. Alma-Ata
7. Talgar

In the central zone the configuration of the area with maximum density of
the epicenters again changed -~ it extended in the latitudinal direction.
The group of epicenters in the eastern part of this zone between the

- Zailiyskiy and the Kyungey Alatau Ridges was singled out where at the end
of the year two earthquakes of energy class 9 occurred. A small group
of epicenters has been observed in the northern part of the zone near
Talgar station.
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Figure 80, ¢ {continued].

Key:
1. Kaskelen 7. Talgar
2. Ald €. Ozero
3. Kapchagay reservoir 9. Zailiyskiy Alatau
4. Talgar 10. Kyungey-Ala-Too Ridge
5. Issyk 11. cChilik
6. Alma-Ata

The seismicity of the "eastern" zone, in contrast to the preceding year,
18 very weakly exhibited, including in the active southern part,

During the first half of 1976 (Fig 80, e) a clear drop in seismic activity
is observed. Although the map was complled by the observations for only
the first half of the year, the decrease in activity is obvious. Thigs is
especially noticeable in the area with the usual maximum density of the
epicenters -~ to the south of the test area,
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Figure 80, d {continued]

Key:
1. Kaskelen 9. Ozero
2. Ali 10. Zailiyskiy Alatau
3. Talgar 11. Kyungey-Ala-Too Ridge
4. 1Issyk 12. Chilik
5. Kapchagay reservoir
6. Novo-Alekseyevskaya
7. Alma-Ata
8. Talgar

Out of the highly active hroad central zones (according to the observations
of 1973-1975) a small chain of epicenters remained in the headwaters of the
Chilik River in 1976, The "western" zone was represented by four earth-
quakes on the northeastern limb,

The strongest of the earthquakes recorded during this 6-months period
included one with K=9 and two with K=8 - they were concentrated in the
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Figure 80, e [continued]

Keskelen 9. Ozero

Ald 10. Zailiyskiy Alatau
Talgar 11. Kyungey-Ala-~Too Ridge
Issyk 12, Chilik

Kapchagay reservoir

Novo-Alekseyevakaya

Alma~Ata

Talgar

southern part of the "eastern" zone, A small group of epicenters was
located by itself in this zone northeast of the NovoeAlekseyevskaya
8tation, An analogous group was observed in 1974,
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Time=-Space Graphs., To supplement the annual maps of the epicenters let

us consider the sequence of earthquakes of diffarent energies and time
within the limits of the limited mections of the investigated area, Three
strips were gelected about 12 km wide each ~- two along the direction of
strike of the northern zones of the fractures and the mountain ridges
(I-I' and II-II'), and one across the strike, encompassing the region of
maximum concentration of the epicenters (III~ITI'), The longitudinal

axes of these strips are shown in Fig 79, The earthquake, the epicenters
of which fell into the strips, belong to the axial 1line,

The Belt I-1' (Fig 81) stretches along the Alma-Ata and the Zailiyskaya
fracture zone. Its seismic activity is very nonuniform. The "western"
zone of increased activity isolated by us was encompassed by this strip
and extended from 0 to 60 km (to Alma-Ata). The seismic conditions of the
western zone were analyzed in time by the annual epicenter maps, Let us
give attention to the fact that the strong earthquake of energy class 11
in the westernmost end of the zone (0-20 km) where there were very few
earthquakes was essentially smaller than in the eastern half (20-40 km) .
It occurred against a background of almost complete seismic quiet and
was not accompanied by subsequent shocks. The center of the earthquake
is8 15 km from the center of the disastrous Kebin earthquake of 1911.

The central part of the fracture zone, as has already been noted, is in
practice aseismic. The northeast end of the strip (110-150 km) encompasses
the northern part of the "eastern" zone. The comparatively high seismicity
was observed here only at the end of 1973 and the beginning of 1974.

Belt 1I-11', which 1s similar with respect to strike to belt 1-1',
encompasses the Zailiyskiy Alatau Ridge and the north slopes of the
Kyungey~Ala-Too Ridge, that is, it passes through the section of the
"central" zone (20-100 km) with greatest density of the epicenters. As is
obvious from Fig 81, over the extent of 3 years of observations the central
part of the zone (40-60 km) is characterized by increased seismic activity
and the maximum comes in 1973 and 1974. A tenth class earthquake occurred
here which was preceded by some increase in activity and then quiet
directly before the earthquake., There were few subsequent shocks. The
level of activity was high in the central part, decreases sharply to the
southwest and northeast where individual, rare earthquakes are observed,
The weetern edge of the belt (0-20 km) looks in general aseismic (although
the Kebin earthquake was located here) and it reflects the weak activity

of the west end of the Alatau ridges during the entire period of the
instrument observations since 1951,

The time-space graph of the seismic conditfons in setrip ITI-III' clearly
illustrates the displacement of the centers for t.ae 1972-1975 period from
the southeast to the northwest,

Center Depth Map, By the data of the preceding studies [3, 30, 31] the

earthquakes with K<9 for the most part have depths within the 1imits of
the first S km from the earth's surface, It 1s noted that with low
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aceuracy of determining the depth, in the best case +5 km, the majority
ol the earthquakes of Zailiyakiy and Kyungey Alatau have depths of

10-15 km; the deeper centera are a rare phenomenon. The relation of the
depth of centers to the energy claass of the earthquakes 1s discussed 1in
reference 3] where attention is given to the fact that the centers of
the weak earthquakes of energy clasges 4~7 are in the "granite" layer
(to 22-25 km); the earthquakes with centers in the lower part of the
earth's crust have the highest energy corresponding to classes 7-10.

In reference [54) it 18 noted that in the investigated region all of the
centers are located within the limits of the earth's crust. Some 80%
are associated with the "granite" layer. It was discovered that the
centers concentrated at different hypsometric levels are characterized
by their own distribution in plan view,

The center depth map (Fig 82) constructed by the RTS station 1is of special
interest, for in practice all of the epicenters of the "western" and
"central" zones and the majority of them are removed from the Ozero or
Talgar stations by no more than 40 km. The neutral arrangement of the
stations and the earthquake centers with high accuracy of taking the time
of arrival of the P and S waves under the conditions of multichannel
radiotelemetric recording insured high accuracy of determining the depths
of the centers (within the limits of +1-~2 km) of these zones. For the
more remote centers of the "eastern" zone the accuracy of determining

the depths drops to +5 km,

Our data also indicate that all of the centers are within the limits

of the earth's crust. According to the available data on earthquakes

with K<10 no relation was detected between the strength of the earthquake
and the depth of the center, No differences were observed in orientation
of the centers associated with the different depth intervals in plan view.
At the same time the relation of the depths of the centers to the location
of the epicenters within the 1imits of the investigated small territory
was established for the first time,

An explicit predominance of shallow centers within the limits of the first
5 kilometers from the surface is characteristic of the "western" zone.
(The depth of the center of an earthquake with K=11.5 is, however, 20 km.)

General submersion of the centers {n the direction from the southwest to
the northeast is observed in the "central zone. Separation cf the
"central" zone into three gsections is noted, within the 1imits of each of
which the depths of the centers vary little,

The first sectfon 1s located 15-~20 km south of Ozero station and it is

characterized by shallow depths H=(-3) to § km¢ H increases occasionally
to 10 km. The second section 1is adjacent to the Ozero station on the
southeast and 1s extended in the same direction, Here depths of centers

1Here and hereafter we are talking about depths reckoned from the reduction
l4ne.
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Figure 81. Time-space graphs of the seismic conditions along the I-I*, II-II' and III-III’

1ines (see Fig 79)

Key:

K not determined; 2. south; 3. north; 4. years
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of 11-15 km predominate. Between these sections there 1s a narrow belt
of earthquake centers characterized by great spottiness of the distribu-
tion of the depth =~ from 5 to 20 km, The depths of earthquake centers
nearest Alma-Ata with energy class 8 and 9 usually are zero, For one
earthquake H=9 km, The third section is in the eastern part of the znne,
the depths of centers here are 1520 km, and up to 30 km is encountered,

In the "eastern" zone in the north, along with the shallow centers,
centers with a depth of up to 30-35 km are observed; in the southern part
of the zone the depths are, as a rule, zero,

It was of interest to analyze the center distribution with respect to
depths in the vertical plane f-N', In Fig 83 where this distribution is
presented, the submersion in the northeasterly direction of the centers
of all earthquakes located both in the strip 12 km wide and in a wider
strip essentially encompassing cil of the earthquakes of the "central"
zone 18 clearly obvious,

Thus, our observations, which have high accuracy of determining the
eplcenters of the earthquakes made it possible to break down the seismically
accive reglon of Zailiyskiy and Kyungey Alatau into several zones
characterized by defined distribution laws of the depths of centers.

Against a background of described Pictures of the epicenters and depths

of centers it is of interest to consider certain laws encompassing all

of the recorded earthquakes, including those the centers of which cannot

be plotted on the map,

Earthquake Distribution with Respect to tg.p and in Time, According to
the observation data for the highly sensitive test area beginning in 1972
first an increase in the number of recorded local earthquakes with
tg_ps10 sec i3 observed (1972, 127; 1973, 156; 1974, 217), and in 1975
their number 1is reduced to 183. These changes occur basically as a
result of the earthquakes of energy classes 5 to 7; the annual number of
eighth class earthquakes almost does not change in this case, and the
annual number of ninth energy class earthquakes decreases. A few -~ 5 to
67 -- weak shocks (K<5) are recorded. As for the stronger earthquakes
(K>8), their contribution to the total number of recorded shocks also
does not exceed 5-8%. Thus, more than 85% of all of the earthquakes
recorded by the stations of the Alma-Ata test area belong to a quite narrow
range of energy classes K=5-7, that is, Just those energy classes which
are not fully recorded by the regional networl: of Kazakhstan.

It was of interest to analyze how the centers of the local earthquakes

are distributed as a function of tg_ps For the Talgar station this dis-
tribution averaged over the years within the different tg.p intervals

1s shown in Fig 84, a, and the total distribution for & years, in Fig 84, b,
It 18 obvious that the annual number of earthquakes with t ~p~0~3 sec

does not on the average exceed 107 (N with ¢t _p<2 sec is onfy 2-3%), and

in the range of 3~6 seconds 1t 1s about 50% of the total number of recorded
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earthquakes, The greatest variation of the number of earthquakes in
different years 1s observed in the range of tg.p=2e4 and 4«6 seconds

vhere N varies within the limits of 15+20% at .the same time as the annual
mean N in other tg.p interyals is more stable, and its variation does

not exceed 5-~8%. According to the annual distribution graphs it is also
obvious that the value of tsep for the majority of earthquakes decreases
from 1972 to 1975, Whereas in 1972 the maximum N came for tg.pmé=6 sec,

in 1973 it was 4~5 sec, and in 1974 and 1975, in the range of tg-p=3-5 sec.

The migration of the earthquakes 18 clearly 1llustrated in Fig 84, ¢,
where the annual changes in the relative number of earthquakes recorded
by the Talgar station within the range of tg.p=3-5 and 4-6 seconds are
presented: from 1972 to 1975 the number of the former increases, and
the latter decreases.

The southernmost and most sensitive station of Ozero in the test area turns
out to be closest to the area with maximum density of the epicenters. It
F 18 of interest to analyze the distribution with respect to tg.p of all
the earthquakes recorded by the station and to compare it with the distcibu-
tion of the earthquakes for which the position of the center was determined.
This comparison was made in 1974 and 1975 (Fig 85). It turned out that
in the range of tg.p=1-4 sec (that 1s, within a radius of 30 km of the
Ozero station) there are 10 to 152 more earthquakes than plotted on the
epicenter map at the same time as in other ranges of tg.p the growth in
number of earthquakes is insignificant and more uniform. A comparison of
the distributions of the earthquakes not recorded on the epicenter map,
depending on ts.p for the two stations of Talgar and Ozero is presented in
Fig 86, a. For the Talgar station all of the earthquakes, the epicentors
of which were not determined, are distributed by the values of ts-p more
uniformly than for the Ozero station, and in direct proximity to the
gtation (tS_P-l-B seconds) their number even decreases somewhat, Thus,
the complete processing of the information with respect to the Talgar
station should not essentially change the distribution picture of the
centers of local earthquakes presented on the cpicenter map.

In order to characterize the seismic activity in time for all of the
recorded earthquakes, graphs were constructed for the 10-day number of
earthquakes as a function of time (Fig 86, b; Fig 87), and by the epicenter
maps, the time-gpace graphs were constructed characterizing the variation
in time of the seismic activity in individual sections (see Fig 81),

Let us discuss the investigation of the first tyne of graph. What is the
distribution in time of the earthquakes recorded only by the Ozero statfon

of the number of such earthquakes with time in the various ranges of tg.p
for 1974 and 1975 1s shown in Fig 86, b, It 1s not excluded that among
the earthquakes with t. _=2-3 seconds weak explosions from the vicinity of
Hedeo could appear whieh are not recorded by more remote stations (for
example, during August-October 1975), The nonuniformity of the distribu-
tion of the earthquakes in time =~ the periods of increased activity
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Figure 82. pepth map of Earthquake Center recorded in 1972-1976.

The reduction leval (H=0) at the depth of the basement under the
Alma-Ata station is 4.2 km,

Key:
1. energy class 10. Alma-Ata
2, K not determined 11, Talgar
3. depth 12, Ozero
4. Kaskelen 13, Zailiyskiy Alatau
5. Ali 14, Kyungey-Ala~Too Ridge
6. Talgar 15. cChilik
7. Kapchagay reservoir 16. Lake Issyk~Kul'
8. 1Issyk

9. Novo-Alekscyevskaya
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Figure 83. Distribution of centers with respect to depth
in the vertical plane along the II-II' direction.
The epicenters located within the 1imits of 6 km (1) and
20 km (2) on both sides of the II-II' line are taken into
account. The reduction level is 4.2 km.
Key:
1. southwest
2. northeast

are replaced by almost complete quiet -~ attracts attention. The sharp
increase in the number of earthquakes within a radius of 15 km of Ozero
station (tg_p=1-2 seconds) is observed in September-October 1974 which

is correlated with the observation data at the Talgar station (see Fig 87).
In 1975 the same increase in August-September 1s noted, but basically ag

a result of more remote earthquakes (t -p~2-3 seconds), For the rest of
the time the 10-day number of earthquaﬁes does not exceed two.

For the Talgar station the dependence of the 10-day number of all recorded
earthquakes on time is presented in Fig 87, 1In order to reflect the
distribution of these earthquakes with respect to ts-p schematically,

they are broken down into three groups (zones); ts.p 18 less than 4 sec,,
that is within a radius of 30 km of Talgar; in the range from 4 to 6 sec
(30-45 km) and from 6 to 10 gec (45080 km), This gradiation of the
earthquakes is caused by the maximum migration of the centers in the

range of ts.p=2~4 and 4-6 sec,
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Figure 84. Distribution of the number of earthquakes as a
function of tg.p at the Talgar station.
a ~- {n different observation years (1 -~ 1972, N=121;
2 -~ 1973, N=165; 3 -- 1974, N=189; 4 -~ 1975, N=139);
b -~ total (N=635) from 1 June 1972 to 1 July 1976:
1 == recorded, 2 -~ plotted on the map; ¢ -- angle variations
in the relative number of recorded earthquakes (1 -~ tg.p=3~5 sec,
2 adad ts_P.a-G Bec)
Key:
1. seconds
2. years
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Figure 85. Distribution of the number of recorded earthquakes
(1) and those plotted on the map (2) as a function
of tg.p at Ozero station for 1974, N=162 (a),
and 1975, N«139 (b)

4%

Figure 86. Distribution of the number of earthquakes not plotted

on the map A for the Talgar station (1) from

1 Jene 1972 to 1 July 1976 and Ozero station (2)
for 19741975, as a function of ts
variation in time of the number N 3¥ earthquakes not

(a) and a 10-~day

plotted on the map and recorded by the Ozero station (b)

in the range of values of tg.p=1-2 (1), 2-3 (2) and
3nb gec (3)
Key: 1. seconds; 2, year; 3. month
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Figure 87. Distribution of earthquakes recorded by the Talgar
, station from March 1972 to July 1976 in the range
of values of tg.pg4 (1), 4<cs_9<6 (2), cs_Paﬁ sec (3)

Key:
1. year
2. month

A study 1s made of the 10-day variations of the total number of earthquakes
for the entire period of centralized radiotelemetric recording from
10 March 1972 to 1 July 1976 (Fig 87). Attention is attracted to the
nonuniformity of the distribution of the earthquakes in time. The periods
of almost complete quiet from September to November 1972, from June to
July 1975, weak activity from May to Auguat 1974, from August to October
1975 and from April to June 1976 and increased activity from October 1973
to April 1974 are observed. No explicitly expressed cyclicity 1s noted
in the manifestation of seismicity (4n [3] the presence of a 2-month
cyclicity 1s noted). The periods of increased activity of different
duration (5-8 months) are replaced by shorter (2-4 months) iatervals of
quiet. The predominant time intervals between peaks on curve 3, that is,
for the entire region, amount to 70-80 days on the average, more rarely
50-60 or 100-140 days. The seismic conditions of the equally removed
zones is not always synchronous: the increase in number of earthquakes

- in one zone 1s frequently accompanied by a decrease in the other. For
example, the increase in the overall seismic activity during periods
from March to September 1972 and from December 1974 to March 1975 are
observed as a result of the near zone, during the period from November 1972
to May 1973 as a result of the far zone, and from October 1974 the number
of earthquakes increases in both zones, The sedsmic conditions of the
nearest zone (no more than 30 km from Talgar station) are expressed most
clearly, Beginning with the end of 1973 a fluctuating but unswerving
growth in the number of earthquakes is observed here, reaching a maximum
during the period from September to December 1974, The number of earth-
quakes 1n the other zones dropped off, This ahift of the epicenters
closer to Talgar in 1974 was noted when analyzing the earthquake distribu-
tion with respect to tg.p (Pig 84, a, c). After the earthquake- fn
January 1975 with K=11.5, a sharp decrease in activity is observed in the
near zone.
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The shift of the eplcenters of the earthquakes of all energy classes from
the southeast to the northweat during the period of 1973«1974 is clearly
obvious on the time=space graph of the seismic conditions for a strip

12 km wide (see Fig 61, the axis of the III~ITI' strip) running from the
southeast to the northwest along the zone of highest seismic activity.
The time~space graphs of the seismic conditions are projections of the
epicenters of the earthquakes located within the limits of the strip on
the map of the epicenters, on the line running through the middle of this
strip. From 81 it is obvious that during the period from the beginning
of 1973 to the middle of 1975 explicit migration of the centers in the
northwestern direction takes place. 1In 1975, this law is violated which
possibly is connected with the January earthquake in 1975.

1n order to discover the relation of the strong and weak earthquakes in

Fig 87 in the corresponding zone times are noted (by 10-day periods) for
the occurrence of ecarthquakes of no less than energy class 8. The majority
of them are in the far zone. In 70% of the cases assvciation of these
earthquakes with the times of increased activity of the weaker shocks is
observed, This fact can also be accidental, for the coincidence is ohserved
only in 50% of the cases for the earthquakes of energy class 9 or higher,
Judging by the graphs (Fig 87), the earthquakes higher than energy class 8
are observed more frequently in groups of two to five, that is, they are
concentrated in limited time interval sometimes lasting 1 to 2 months;

then comes a period of absence or them or a sharp individual manifestation.
The centers of the earthquakes grouped in time are not associated with

the same region.

Recurrence Rate of the Earthquakes. One of the basic characteristics of
the seismic regime is the recurrence rate of the earthquakes. The
parameters of the recurrence rate graph which is a relation between the
logarithm of the energy of the earthquakes (the energy class) and the
logarithm of the number of earthquakes for one energy class constitute a
quantitative characteristic. The level of the straight line on the graph
of 1gN=f(K) averaging the experimental points for the energy class
preliminary for the given region determines the seismic activity A on

the given energy level. The slope of the graph Y characterizes the ratio
of the weak and strong earthquakes.

The graph of the recurrence rate was compiled for the region as a whole
for the 1972~1975 period. Table 15 shows the data on the number of earth-
quakes of different energies by years; the values of K were taken from
the bulletins of the Talgar station of the complex seismological
expedition. Inasmuch as not all of the investigated earthquakes turned
out to be classified with respect to K and about 15% were not recorded

as the Talgar station of the complex seismological expedition in general,
numbers are presented in parentheses in the table which include the
skipped earthquakes for which K was determined by the duration of the
recordings.

215
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5

FOR OFFICIAL USE ONLY

Table 15
Npwonax rpynm| 5 8 7 8 2] .10 11
1872 1 18 2 ' 84 "o '7q 1 -
1873 r. 26 -an 31 ] 2 1 -
1974 r. 27 65 -3y 9 2 3 -
1878 r. 36 48 27 9 8 - 1
Beero aa 107 8 1

: © 222" 123  se 14
1672-1078 (160)  (284) (127) .
n. ' 0 .

B cponnom 26,78 858 30,76 © 3,6 1,26 0,25

sa roa (47,8) (71,0) (31,8) N : ~
, B cpenem ' © 2,23 463 ' 2,568 0,75 0,27 0,10 0,02
23 Mecsu (3,86) (6,00) (2,68) . _
Nt 0,287 0,555 0,308 0,080 0,035 0,0125 0,0025
-(0.479) (0,710) (0,318) . '
Key:

1. Group attribute

2. year

J. Total for 1972-1975

4. On the average for the year
5. Monthly average

In the last row of the table the normalized density of the recurrence
rate of the earthquakes N* is presented. It is equal to the number of
earthquakes reduced to 100 km2 of area (or a volume of 2°103 km3) and a
time interval of 1 year., The area occupied by the epicenters (the north-
western sector where centers were not observed is excluded in the area
of the circle) 1s about 10000 kmZ. The weak earthquakes for which K<5
are incompletely recorded by the Talgar station. In order that the
southern stations of Talgar and Ozero record earthquakes with K<5, their
centers must be located no farther than 25-30 km from these stations.

The number of earthquakes with K=5, as is obvious from Table 15, is low.
Consequently, the earthquakes of energy class 5 must be considered the
- repregentative for the entire investigated territory.

The graphs of the recurrence rate of the earthquakes for the investigated
regions by years and the summary graph for 4 years are presented in Fig 88,
The values of N* for energy classes 5 to 7 are taken considering the
carthquakes for which class K 1is defined by the duration of the recording
(Table 15), As is obvious from Fig 88, b, the sixth energy class of
earthquakes can be considered representative for the investigated area,

On the annual graphs of the recurrence rate (Fig 88, a) stgnificant

dispersion of the points is observed basically for the large values of
K=9-11, lowering the reliability of the averaging and determining the
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angular coefficient y, The value of v is determined more reliably by
the summary graph of the recurrence rate for 4 years (Fig 88, b),

The selsmic activity for the Alma~Ata region based on the 4-year observa-
tions is A =0,70, The angular coefficient of the recurrence rate graph
v=0.46. The mean vulue of y for the vicinity of Alma=Ata determined for
the entire period of instrument observations according to the data of the
complex seismological expedition also is 0,46, In the papers of the
complex seismological expedition it is noted that both for the entire
region of Zailiyskiy and Kyungey Alatau and for the more local Alma-Ata
reglon, a systematic increase in value of y 1s observed. TFor the entire
region it 1s characterized by the following figures: 1929-1950 -~ y=0.3;
1951-1960 -~ y=0.46; 1061-1967 == y=0,58.
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Figure 88. Graphs of the recurrence rate of earthquakes for
the Alma-Ata region by year (a) and summary graphs -
for 4 years (b)
Key:
1. year

For Alma-Ata the especially intense growth of y occurred during the
1961-1967 period, reaching values of. 0.54.

This agrees with the data of reference [55], where the variation of y :
is analyzed for the Alma-Ata region for the period of 1959~1970, Thus,

in 1953 the value of ¥ was 0,28 and to 1959 it varied within the limits

of 0.47-0.39. From 1959 to 1966 y increases from 0.39 to 0,67; in

subsequent years (1966-~1969) the value of y decreases to 0,39, and in

1970 it again increases to 0.49, 1In reference [56] information is pre-

sented on the variation of y for the 1966«1974 period preceding the work

in the test area. During this time the value of the coefficient of the

slope angle varied from 0,40 to 0,67, For 3 years before the Sarykamyshskoye
earthquake (5 Jrae 1970, K=15) the value of vy reached a maximum, and
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then 1t began to decrease sharply to a value of 0,47 in 1970 which is
cloae to average value of ¥ with respect to our observations for the
period from 1972 to 1975,

§3, Azimuthal Deviations of the Seismic Beams of Distant Earthquakes

In the practice of selsmic studies, the azimuth of the source usually is
determined by the direction of the seismic beam of the first longitudinal
wave., Here 1t is proposed that the azimuth of the direction of approach
of the wave coincides with the azimuth of the epicenter. This condition

- which 1s satisfied in uniform or axisymmetric media is far from always

) adhered to in real media., On passage of waves through inclined bLoundaries
and nonuniformities the seismic beams change direction in space {14, 48],
The laws of variation of the directions of the beams in the case of
refraction are investigated, for example, in reference (18].

In order to determine the direction of approach of the wave, either the
kinematic or dynamic characteriatics of the waves can be used {14, 19],

In the former case the direction of approach is determined in general

form by the direction of the field gradient vector (or an individual ele-
ment of 4t). For this purpose area observations are required, a special
case of which are the observations with respect to two mutually perpen-
dicular profiles.Then the azimuth of the beam 18 determined by the formula

w ™~ arc tg (V*x/V*Y).

where V#y and V*Y are the apparent velocities with respect to perpendicular
direction.

When using the data on the dynamics, the azimuth of the beam is found by
observations at one point along the direction of motion of the particles
in the first longitudinal wava. In the region close to the wave front,
the azimuths determined by both procedures must be equal. In the non~
uniform media they theoretically can differ somewhat. It is natural that
the calculation of the azimuth by the data from area obzervations is the
most representative and accurate,

Thus, the accuracy of determining the direction of the epicenter 1s caused
primarily by whether the beam azimuth cofincides with the azimuth of the
direction of the eplcenter, that is, the presence or absence of azimuthal
deviations. The magnitude of the azimuthal deviations depends on many
factors (the ratio of the velocities above and under the refracting inter-
face), the slope angle of the interface and orientation of it in space
with respect to the plane of incidence of the wave, and so on). It is
difficult to predict the azimuthal deviations theorecically, Accordingly,
we have used the observation data from the Alma-Ata radiotelemetric test
area to obtain experimental data on the azimuthal deviations of selsmic

_ beams of distant earthquakes. In this item a study has been made of
the problems of procedure and accuracy of determining the nzimuth of the
cpicenters, and the azimuthal deviations are discovered,
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Procedure for Determining Azimutha, The azimuths of the epicenters of

the distant earthquakes were determined by the differences in time of
arrival of the first longitudinal waves at the three stations. In order
to determine the azimuth it 1is convenient to use nomograms similar to
those described in §20f Chapter IV, The nomogram was calculated for the
case of a plane front where the epicentral distance exceeds by 10 times

or more the maximum distance betwcen the test area atations, The Mir~l
computer was used to caiculate the field of the difference in tiwme of
arrival of the seiemic waves at three stations for a wave with an

apparent velocity of V#=8,0 km/sec. Yor other values of V* the recalcula=~
tion is made by multiplying by the coefficient m=V4/8,0, The azimuths

are sclected every 10°. The nomograms were calculated for three triangles
of statlons: Talgar-Ozero-Ali, Talgar-Ozero-Alma-Ata, Talgar-Ali-Alma=-Ata.

Examples of the nomogram are shown in Fig 89, The configuration of the
isolines on the nomograms for each triangle 1s determined by the position
of the observation stations. The experimental pointe are located with
respect to the entire field. Their position on the plane of the nomogram
depends on the azimuth of approach of the waves and the angle of exit of
the beam which is related to the magnitude of the apparent velocity v#

by the known Bendorf equation cos e=\y/V4, where Vg 18 the velocity at the
observation point. Inasmuch as the earthquakes were investigated in a
very wide range of epicentral distances, from R=600 to 1200 km (Pamir,
Afghanistan, China) and to R=15000 to 17000 km (Mexico, Chile, Argentina),
the values of the angles of exit varied within broad limits causing great
dispersion of the point. 1In order to consider this fact, the nomograms
were supplemented by 1solines calculated for the different values of

v+ (5.9, 10, 12, 15, 20, 30, 40, 60 km/sec).

An example of this type of template for the triangle of stations Talgar~
Ozero-Ali is presented in Fig 90, The lines of the different azimuths
are straight lines or converging at the center of the template. The
experimental points are plotted in Fig 90, and areas are described to
which they belong, By the figure it is obvious that the points correspond-
ing to the nearby regions -- Afghanistan, Pamir and China -~ are grouped
near the {solines at V#=7-8 km/sec, As the epicentral distance increases,
the points are shifted toward the center of the template, toward the
large values of V*: Japan, Kamchatka ~- V#=10-12 km/sec; the Philippines,
Indonesfa -~ great dispersion of the points, VA=12-30 km/sec; Mexico,
Chile -- V#=30-60 km/sec. By the nomogram not only is the azimuth of the
direction of approach of the wave determined, but also its apparent
velocity or angle of exit e.

The differences in times of arrival of the first longitudinal wave at the
stations are plotted on the axes; 1 -~ Talgar-Alma-Ata (tp~t -Atl)

and Talgar-Ozero (tr—t =it _); 2 ~ Talpar-Alma-Ata (4t)) and éa gar-Ald
(ty=tpntes), 3 == Talglraft (at;) and Talgar-Ozero (at,), The

theoretical and experimental data for each triangle of stations are
f1lustrated by their own symhols, circular and fire respectively.
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Figure 89. Nomogram for determining the azimuth of the
directions to the epicenters of distant earthquakes
for V#=8,0 km/sec

By the azimuthal deviations we mean the difference in azimuths of the
epicenters determined by the test area data and over the globe. This
deviation will be positive if the experimentally determined azimuth
exceeds the actual value.

Estimating the Accuracy of Determination of the Azimuth to the Source.

The error in determining the azimuth of approach of the waves 1is made up
of the errors of two types -~ instrument errors and station erros --

which depend on the direction of approach of the wave, that is, on the
azimuth 2 and angle of exit e, For the distant earthquakes the predominant
observed values of V* are included within the 1imits of 8«20 km/sec. The
errors are determined also by the mutual location iu space of the observa-
tion stations, and they do not coincide with the different triangles of
stations. In each specific case this permits selection of the best
triangle of stations from the point of least errors to determine a.
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Let us estimate the values of the possible instrument and station errors
vhen determining azimuth to the sourca,
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Figure 90,

Nomograms for determining the azimuth of earthquakes
c by the triangle of stations Talgar-Ozero-Ali
ey:

1. Aleutians; 2. Japan; 3, Kamchatka; 4, Philippines; 5,

6. Sumatra; 7, China; 8, Pamir; 9, Afghanistan; 10,
11. Africa

Indonesia;
Mexico;
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Instrument Errors. The errors connected with the time service belong to
the A“inaerument' For centralized radiotelemetrie recording with a

united time service these errors reduce only to errors in reckoning the
time difference on the seismogram and depend on the scanning rate and the
predominant oscillation frequencies, In our case this error does not
exceed +0,1-0,2 seconds,

Depending on the azimuth of the source, Aainatrument were calculated for

two values of the apparent velocity V#=8 and 20 km/sec (ew48 and 17°).

The error in reckoning the difference in time of arrival of the wvaves

at two stations was taken as a maximum at +0.2 seconds. The values of the
least and greatest instrument errors of thatngerument (in degrees) for

the large triangle of stations Talgar~Ozero-Ali are presented in Table 16.
For fixed values of V* the maximum and minimum errore differ by 1,5-2 times.
With an increase in V* the error A“inattumenc increases (according to the

data in Table 16, by 2-3 times).

For the large triangle Talgar-Ozero-Ald 8a4aerument 18 half that for the
triangle Talgar-Ozero-Alma-Ata.

Table 16
Azimuth from the Téigar station
VA&, km/sec 50-90, 160-210,
230~310° 350~30°
- 8 2-3 5-6
20 6-9 12-14

Station Errors. 1In contrast to the instrument errors which are of a random
nature and determine the width of the fiducial interval, the station
corrections are systematic. The station deviations are caused by a
different position of the stations in space and geological structure in

the vicinity of the stations. As has already been mentioned, the stations
in the first area are under the conditions of sharp variation in relief

of the day surface -~ the automation difference between Ozero and Alma-Ata
stations reaches 3400 meters, und between Ozero and Talgar, 1760 meters.
The Ozero, Talgar and Ali stations are located on bedrock, and Alma-Ata

and Novo-Alekseyevskaya on sediment,

The depth of the basement under the Alma-Ata station equal to 4200 meters
was selected as the reference level for the depths. The errors 4t in
the time delay At considering the capacity of the station system depend
on the apparent velocity, Inasmuch as the corrections are not introduced
into the absolute travel times, the values of &t are the difference in
travel times of the waves to the different statfons of the test area in
the section above the reductfon level, Por large values of V# (e=90°)
the difference in paths of the waves is close to the difference in heights;
with a decrease in V* it increases and the correction for the relief
increases correspondingly.
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The graphs of the corrections for the rellef §t,, dt,, dt, introduced

into the obmerved time differences 4tj, Oy, At3 for the ghree triangles
of stations depending on V* are depicted in Fig“91. The corrections for
the relief are maximal for the difference Aty=tp=ty, and they are +0.3
Heeonds or morej the corrections are minimal for Atjmtpmta.a and they

are equal to about ~0,1 second, To values of V*=10 km/sec the corrections
8t vary little with variation of V*, For smaller values of the apparent
velocity th: increase in §t becomes sharper,

The station azimuth corrections Aa,. were calculated by the templates of
the nomogram type shown in ¥ig 90, The station azimuthal corrections,
Just as the instrument corrections, for the triangle of stations '
Talgar~Ozero-Ali are half those for the triangle Talgar-Ozers-Alma=-Ata,
the area of which is half as large.

Let us consider Aag. (Fig 92) for the large triangle Talgar=Ozero-Ali.
- In the azimuth range of 40-220° the corrections are negative; in the
range of 220-40°, positive. On the azimuth of 40 and 220° the corrections
_ for relief are 0, The maximum corrections for relief come for azimuth
ranges of 100-150 and 290«320°, and they are 7-9° for V*=8 km/sec and
13-15° for VA=20 km/sec, The minimum corrections are observed in the
directions of 30-50° and 210-230*, With an increase in V* from 8 to
20 km/sec dagy increases by 1,5-2 times.
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Figure 71, Graphs of the corrections for relief as a function
of V#
Key:
1. seconds
2, km/sec

When processing the recordings with respect to the nomograms (Fig 90),
the azimuth of the approach of the wave a; and the apparent velocity are
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determined for which the time correction for the relief ét 4s found for

- each At by Fig 91, Then for each pair of stations a new azimuth a, is
determined considering the correction for the relief. This permits
caleulation of the azimuthal deviations without conaidering the relief
Baja)~a and considering the relief daj=ap~a (a 1s the azimuth with
respect to the globe),

The azimuthal deviations defined by the differences in times of arrival
at the Ali, Ozero and Talgar stations for five earthquakes in 1973 are
presented in Table 17. The values at the introduction of the corrections
for the relief essentially decrease the azimuthal deviations day, and
they turned out to be within the 1imits of instrument errors,

Thus, 1if the observations of the group of stations are made under the
conditions of complex relief of the day surface and the geological atruc-
ture, then without considaring the latter when determining the azimuth

of the source, significant errors can be permitted. For the Alma-Ata
radiotelemetric test area they reach +15-20°,

Azimuthal Deviations of Directions to the Source., For processing, record-
ings of distant earthquakes (R>400-500 km) were selected which have been
recorded during the 1972-1974 period and which had sufficiently clear
arrivals of first wave insuring accuracy of determining At no lower than
10.2 seconds. The majority of the earthquakes were recorded by the

slaved recording system where the accuracy of determining At was +0,10-0.05
seconds,

The majority of the processed 366 recordings of distant earthquakes are
grouped with respect to defined regions, each of which characterizes the
predominant values of V* (see Fig 90). The observed values of the
apparent velocity lie within very broad limits (from 6.5 to 60 km/sac),
the angle of arrival e varies from 25 to 85°, The predominant values of
V% are 10-30 km/sec (e=55-80°), The representativeness of the regions

18 not identical. The maximum number of recordings were obtained from

the regions of Indonesia, the Philippines, Japan and the Kamchatka-Japanese
zone; the minimum number, from the areas of Chile, Argentina, Peru and
Mexico. The processing results are illustrated in summary graphs of the
azimuthal deviations as a function of azimuths of the epicenters (Fig 92).
The curves for the maximum instrument errors for two values of V* are
depicted on the same graphs. The azimuthal deviations are of interest,
the magnitude of which stably go beyond the limits of possible errors.

Let us consider the azimuthal deviations defined by the Talgar-Ozero-Al{i
triangle (Fig 92). The values of 8a, and 8a, for the earthquakes are
plotted on the graphs from the provisionally isolated five gectors
located in different directiong,
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Table 17
Bpesa Snmmewrpans= |
Dewra | cyrom, Padort noe mx e Ve, mu/e
o4
RN Bl ¢) ) oy (5)
20, Xil 21,01 Oro-socrosnse o-sa Xomco () = B,5 11,6
20. X! 2,38 Hpan 7) 2,3 18,4
14. Xll . 9,16  Kacnwicxoe mope } 2,3 16,0
10. XI 8,48  Mope Banaa, Hunoneaim 7.6 26,0
20, Xl 7,38  BommuneYum Q0) 16 32,0
Key!
1. Date 6. Southeastern Honshu Island
2. Time of day, hours, minutes 7. Iran
3. Region 8, Caspian Sea
4. Epicentral distance, 103 ¥m 9, More Banda, Indonesia
5, V%, km/sec 10. Bolivia=-Chile

1. The Kamchatka-Japanese sector (azimuth 50~80°) corresponds to the
range of small instrument and statfon errors. The introduction of
corrections for the relief insignificantly change the position of the
experimental points, but it grouped them more compactly. The small, but
stable negative azimuthal deviations on the order of 5° are still obsaerved
after introduction of corrections for the relief..

2. The Indonesian sector dincludes azimuths to the epicenters of 90-140°.
For this sector a maximum number of recordings were obtained, and sig-
nificant scattering af the experimental points is observed. The large
corrections for the relief in the sector essentially diminish the dispersion
of the points. The azimuthal deviations of the beams in the sector of the
azimuth 90-130° are stable, They are negative and they amount to 10°, that
is, they coincide with respect to sign with the da for the Ramchatka-
Japanese sector, but they exceed it by 2 timea with respect to magnitude.

3. The Chinese sector contains azimuths of 110-190°, The number of
observation points is small, and the centers are near; therefore the
values of V* are small. The large time corrections for the relief St
which can turn out to be somewhat high and the azimuth range correspond to
the maximum dage, The introduction of the corrections for the relief
shifts the points beyond the limits of posasible errors; the values of the
azimuthal deviations become positive and equal to 5-10°, The results of
estimating Aa for the earthquakes from this sector are not very convincir .

4. The Hindukush sector s the azimuth of 210~220°, In this very narrow
sector of directions there are many observation pointa which are piled
together, The corrections for the relief are in practice zero. Stable
positive azimuthal deviations of 10-15° are observed. The most reliable
results are obtained in this sector,
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Table 17 [continugd]

- | (2)

: Amor® (1) | a0 oo | ()
) . T Ad ygorn s
oo |a | o [ormt| epetp | T tay | dag |

7 66 72 V34 <0220 6 =18 o7
246 283 280 0,33 =021 =3 7 4
277 280 280 033 =021 =0 12 8
120 68 117 030 =020 10 w22 3
302 318 208 030 =020 ~20 18 -4

1, azimuth, °
2. azimuthal deviations, °

Aainstr

5. The Latin American sector (azimuths 30-350°) has few data and great
dispersion of the experimental points == Aa=+30°, The corrections for
the relief are large; their introduction has decreased the dispersion
of the points somewhat, All of this and also the large values of V*
reduce the accuracy of determining Aa, However, on the whole it is
possible nevertheless to say that the positive signs of azimuthal
deviations predominate, the magnitude of which is difficult to estimate.

Thus, the experimental observations of the distant earthquakes by a group
of stations in the Alma-Ata test area revealed stable deviations of the
directions of propagation of the first longitudinal waves from the azimuth
to the epicenters caused apparently by nonuniformities on the path of the
beams. The values of the size of the deviations are different for beams
and different azimuths. The accumulation of this information is of great
interest from the point of view of studying tho nonuniformities of the
medium. The development of the procedure for such observations under
complex conditions of the ground relief and also the discovery of azimuthal
deviations as a function of the epicentral distance are of interest. This
analysis has not been specially performed. It is only possible to give
attention to the fact that two such regions as Indonesia and China, which
are in the same azimuth sector but at different distances from the observa-
tion point, are characterized by azimuthal deviations of the seismic beams
of different sign,
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Figure 92. Azimuthal deviations as a function of the azimuth
of the epicenters without considering (a) and
considering (b) the station corrections
The maximum instrument errors (1) and the corrections for the
relief (2) were calculatod for two values of the apparent velocity
~= 8 km/sec (the side lines) and 20 km/sec (the dotted lines).

Key:
1. Kurils 6, Hindukush
2. Japan 7. Chile
3. Kamchatka 8, Argentina
4, 1Indonesia 9. Peru
5. China 10, Mexico
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§4, Directions of Future Research

The investigated results of the highly sensitive ohservations with radioe
telemetric recording indicate that the general nature of the seismie
pleture obtained in the Alma-Ata highly sensitive teat area and by the
ordinary network of stations turns out to be approximately identical,

This makes it possible to make a number of remarks with reapect to further
improvement of the highly sensitive operations with the radiotelemetric
recording aystem,

First of all, it 1s necessary to note that under the conditions of fixed
series of sedimentary deposits with a high level of microseismic inter=
ference in the vicinity of a large city the seismic observations in deep
wells are the only means of recording earthquakes of weaker energy
classes which increases the representativeness of the seismogeological
data for a comparatively low level of overall seismic background, The
possibility of using the weaker shocka to characterize the seismic con~
ditions in time is the moat important result of the research.

One of the basic problems of the development of seismological studies in
the reglons of probable occurrence of strong deismic events 48 the use

of instrument observations to predict the timu of occurrence of strong
earthquakes. 1In order to expand the forecasting possibilities in the
investigated area the first step is the expansion of the observation systenm,
first to the east, and then to the west, and then south. Beginning with
the noise level of the area, the new ecastern and western atations must be
located {n especiaily drilled wells. The development of observations in

the south 1s possible under the condition of using low-power and economical
radio communications channels, the operation of which is insured by the
autonomous power supply, The improvement of the entire radiotelemetric
observation system, as a minimum, requires the organization of two or three
stations in the west, one in the east and two or three in the south. The
experience in operation of the RTS indicates that after expanding the
entire observaticn system it will be possible basically to do away with

the application of ordinary seismic stations and at the same time signifi-
cantly simplify the entire organization of the seismological work in
Northern Tyan'~Shan',

It 18 necessary to convert from the vertical seismographs to the observa-

tion system with tricomponent instruments. This observation system will

permit more reliable study of the variation of the ratio of the velocities

of the longitudinal and transverse waves in Alma-Ata gseismically active

region. The expansion of the pass band of the seismic channels in the

direction of the low frequencies will permit us te study the spectral -
composition of the seismic recordings, including at the times of scattering

of the voltage at the earthquake center,

These characteristics can be used for forecasting strong earthquakes, The
system of ohservations must also provide the possibility of reliable
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determination of the mechanism of thecente s, The experience of such
studies in the Garmskly Rayon of Tadzhik SSR indicates that during the
period of preparation of strong earthquakes, a change takes place in the
mechanism of the centers of the weak shocks, It is significant that the
centralized recordings can insure reliable determination of the difference
in path of the seismic waves through the 2one of the prepared strong
shock, The available data indicate that this characteristic can also be
of a forecasting nature.

Thus, the centralized high~frequency recording of earthquakes can insure
significant expansion of the seismological data obtained as applied to
the problem of predicting strong earthquakes, The effectiveness of the
prediction studies can be increased as a result of the use of large
stations not only for studying the seismological observations, but also
as a result of the organization of observations of other geophysical and
geochemical attributes in the same wells, 1In particular, in the wells
obgervations can be made of the acoustic noise, threshold pressure in the
deep water-saturated horizon, the parameters of the geochemical regime of
groundwater using automated geochemical analyzers. The expansion of the
range of observed parameters will require the application of more multi-
channel radiotelemetric systems respectively., This system can be created
at the present time by the industrially manufactured Konteyner [Container]
station.

In order to increase the operativeness of the forecasting observations
it is necessary in the near future to organize the input of all of the
information to the computer and insure its automatic processing.

The areas of subsequent experiments noted here will depend in the future
on a number of technical possibilities, but the prospectiveness of such
experiments is quite obvious,

Thus, as a result of the 4-~year operation of the radiotelemetric test area
a study is made of the selsmic characteristics of Alma-Ata for the period
from 1 June 1972 to 1 July 1976, The basic peculfarities of the regime
are as follows.

1. The seismic activity for the Alma-Ata area is Ag=0.7, and the angular
coefficient of the repetition rate graph y=0.,46.

2. The seismically active region of Zailiyskiy and Kungey Alatau known
by the data from the preceding atudies is broken down into several zones
characterized by defined laws of the seismic regime. The activity of the
different 2ones 1s exhibited differently in time, The highest activity
is associated with the section where the three zones of deep faults join
-~ Northern Tyan'~Shan' with the west, Kemino~Chilik and Tyupskaya with
the east ~ located 25~30 lm in the southeasterly direction from Alma-Ata,

3. Significant migration of the centers occurs in time and in space.

229
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100040010-5

FOR OFFICIAL USE ONLY

4+ ‘There are sectors of the azimuthn to the distant earthquakes for

which the stable deviations of the directions of propagation .of the

first longitudinal waves are characteristic, ¥or the Japanese-Kamchatka

sector negative azimuthal deviations of 5° are observed; for the

Indonesian sector, negative deviations of 10°; for the Hindukush sector,
' positive azimuthal deviations of 10-~15°,

The experience that we have accumulated indicates the expediency of
further work in the following areas:

a) Expansion of the geophyaical research and creation of equipment for
such observations in wells;

b) The development of multiplexing equipment for the radiomatric
recording channels and the use of series, economic radio relay systems;

¢) The development of the method of studying the set of physical
parameters;

d) The study of the polarization of seismic waves, in particular
transverse waves.
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CONCLUSIONS

The most significant difficulty with the detailed study of the seismic
characteristics of large industrial centers located in seismically danger-
ous regions is the high level of interference connected with the vital
activity of the city. The basic requirements on the procedure are
insurance of highly sensitive observations and high accuracy of determining
the centers of local earthquakes. These, to a great extent, contradictory,
requirements correspond to the developed procedure based on seismological

The effectivaness of the seismic observations in the wells arises from
the fact that the noise level decreases more rapidly with depth than the
useful signal. The gain in useful sensitivity during observations in
wells for different regions is different, and it depends primarily on

- the noise level on the day surface. The higher the ground noise level,
the higher the gain in sensitivity. At shallow depths (to 100 meters)
in loose sedimentary rock the gain is determined primdrily by the absence
of the interference of wind origin which is not felt at depths of 40-50 m,
A large gain can be obtained for observations in shallow wells discovering
the basement. Here even at a depth of 30 to 40 meters with a very high
level of ground noise sensitivity can be realized which is close to the
sensitivity of the ground stations located under favorable conditions.
At average depths (to 500-600 meters) the gain is determined by a sharp
decrease 1in noise level in the upper part of the section and also stability
of the noise. Under high noise level conditions the observations in loose
sedimentary series at depths of several hundreds of meters can give a
significant gain,

The observations at greater depths (2000-~3000 meters) in practice in all
cases permit us to obtain sensitivity which is close to the sensitivity
for ground observations under favorable conditions, However, the diffi-
cultles of working at great depth under the conditions of high temperatures
and pressure Justify such observations only in cases where there 1s no
free choice of the investigation point, 1In parttcular, this pertains to
the study of the seismic characteristics of large industrial centers,
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The 4=yeur experiment in the operation of the test area of automated
highly sensitive deep well and ground stations ereated in the vieinity

of Alma=Ata with centralized multiehannel) radiotelemetrie recording
confirmed the effectiveness of such observations syatems for studying the
seismic regime of large industrial centers, Such aystems are characterized
by high useful senasitivity of the stations, high accuracy of the construc-
tions, operativeness of procesaing permitting determination of the posi=
tion of the centers one to two minutes after the beginning of the earth-
quake and also economicalness of the operations based on the automatic
mode of operation of the stations. A total of three specialists service
a test area of five stations.

Under the conditions of seismic quiet characteristic of the north slopes
of the Zailiyskiy Alatau, the automated stations of the test area recorded
about 700 local earthquakes in 4 years with tg.pg10 sec and about 300
explosions. More than 852 of the local earthquakes recorded by the

test area stations belong to energy classes 5 to 7 which are not represent~
ative for the regional network of stations, The weakest earthquakes
recorded only by Ozero station belong to energy class 2. The strong
effect of the observation conditionas on the structure of the seismograms
is felt. The effect of the day surface relief and also the nonuniformity
of the upper part of the section have the greatest significance. When
studying the seismic characteristics of the city it is necessary on the
recordings to discover the local explosions and exclude them from the
subsequent processing of the local earthquakes. The explosions in the
vicinity of Medeo differ from the local earthquakes with respect to shape
of the recording and lower frequency composition.

The procedure for processing the multichannel seismograms from centralized
radiotelemetric recording considering the spatial arrangement of the

test area stations insures determination of the centers of the local
earthquakes with an accuracy of +1-2 km 1n plan view and with respect to
depth.

This makes it possible to recommend the development equipment and the observa-
tion procedure to study the seismic characteristics of large industrial
centers or other local sections in seismically dangerous areas and to

sulve various problems of seismology.
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BULLETIN OF LOCAL EARTHQUAKES RECORDED BY RADIOTELEMETRIC SYSTEM

Konweeor=

RUCTED

4 * t
regiogif

(a) from the station bulletin T

network;

(b) day, month, year

(©) ¢h 40

ol PO

see end
of table,

page 246

‘ onserora orastone T (KE3) ™
e - o crama |
' PTOMpori0-
mpace-| T Bpeus, is-p, | X wug; ot
1 1] M, O Y oo
1 2 3 4 8 (] 7
1 9vin2r(b) 18, 6.82,2 44 1,8 8, a2
2 1LVI72e. 21,830,208 4,1 8,6 sy ' 12
3 1280720, 17.86.14,1 ‘e - 2 -
4 1NV 0.18.30,0 5,0- .80 2K 0
8 13.VL.121. 17.31.36,1 806 1,7 K, YU(e) O
6 l‘.vl:?i: [ 1-84.00.0 5.3 e.‘ 3 7
7 19.VL2e, 6, 2.43,2 - 8,2 2 -
a ‘gv"u72 T 3.4 2.25,4 8'0 6.3 2 -
°] 4VML20, 10.50.30,1 58 81 K4 10
10 6,120, 0.4R,12,7 20 08 3 (4]
11 19VIL%.r 18,22.88,3 46 6,1 3 L}
12 22.~ "-72 o' 3.83.26‘9 7.9 8.9 2 Lo
13 20.ViL.72r. 17.18.44,6 44 6,4 3 8
14 VT2, 1232.86,3 88 6,0 3+K,4 10 .
156 VL2, 1238,12,2 8,8 6,2 2 -
16 13.ViiL72r, 6.10,91,2 7,2 88 2 -
17 15.VIL72¢. - 1.34.21,8 8,4 6,0 2 -
18 22.VilL72e. - 21,57.41,4°° - - 3 20
10 28.Vill.72r. 23,20,22,2 48 8,1 2 -
20 3IX.72r.- * 6,30.24,4 86 8,6 S 17,8
21 4-|x.72 T 14.39.40.9 5.8 7.8 2 -
22 &lx.?: L'y 13,34, 23.3 5.5 6.4 3 ]

. 23 70"X|72 o' 20459‘19'0 4.8 8.1 ’ 2 K.
24 8.1X.22r, 22,19.30,8 88 64" K] 10
28 8.1X.72r, - 23.20,37,2 * 8,0 8,0 2 -
26 10.1X.72r, 8,20,26,8 48 84 3 10
N 8.X.72r." 4,38.83,1 38 .= 2 -
28 14728, 2,50,40,2 7.2 17,8 .8 80
20 16X.72r 21,28, 8,6,, 92 =~ 3 80
30 16.X.712r. 21.41.32,7 6,8 - k] 20
31 2‘-x'72 P 8.18.34.6 4.7 8.0 2 -
32 4XL.72r, 6.38.38,3 86 9,0 s 80
33  20.Xl.72r. " 18, 6, 0,3 - 9,1 6,7 S 10
34 21 .X|.72 Ly 7046016.3 7.4 9.1 2 -

’ sa 23.XI.72 T 7. 39.3‘.7 8‘0 6.6 2 -
36 3.XIL2r,: 22,17, 8,8 10,0 8,4 2 -
37 B.Xll.n P h 8; 8.8 5.7 8,3 3 19
38 10.XIL72r.: . 12,36.44,2 4,8 6,0 . 8 14
388 8.k, 8.17.17,7 6,2 6,4 2 -
40 90731, : 18, 0.57,1 80 7,0 2+K 0
41 18.1.723r. 8.32.46,8 48 8,2 2+K\4 (o)
42 19.0.7%3r.: 1.13.56,3 2,6 - 3 8.8

Key: 1. Earthquake number; 2. date; 3. time, hours, minutes » seconds;
» 8Seconds; 5. K 6.

number of RTS stations plus the
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1 2 s | 4 s 6 )
43 uLnBe 757,221 ' 7,4
“ BLBN 232,808 58 o5 2 2
. ‘5 2’0"073"0 . 34‘71 5.0 4,8 e.‘ 8 B
‘6 ll"d73 [ 23.100‘9.8 1.0 8.0 2 -
47 4123, 11.17,20,2 68 6,8 2 -
4 SN 281,248 08 7.4 2 '
40 . SH23e, 431347 6,0 8,8 2 -
81 ISI73r  14.43.41,0 B0 68 3 10
82  ISHI3r,  14.48.188 858 6.0 s 18
83  18.H73r, 2247408 43 8.9 2 -
84 1M 23,809,180 41 8.2 2 -
88  SHLIMM  10.40,81,0 99 9.8 2
86 ILILTN 1613348 88 68 3 18
87 . 2IV.3r. 237441 67 7.0  a2eK 0
B8  200V.3r.  22.4680,4 45 82 2 -
80 LV23n 1638261 100 6,8  3+kY ©
60  2.V.73r. 311436 34 88 2 -
61 3V, 1740130 88 6.3 2
62  5V.23r.  17.8180 .86 7.8 S+KY ©
63  6.V.7r. 217.43,0 49 6.2 2
64  10.V73r. 1812454 87 68 2+KY o
88  12V.713r. 1224107 6,0 < = 2
68 13.\'.73 1 8 6.27.53.8 4:8 5.3 2 :. :
67 l9ch73 £ 10.38-49.4 4.5 5.9 2 -
68  23V73r. 2032 3,0 4,2 8.3 4 10
69 30.V.73r, 212 3,8 77 7.4 4 0
70 3LV73r 20.38.04,2 81 B4 Se1 o
71 . LVLI3r.  10,.2443,8 6,0 8,8 24K =3
72 5VL73r, 2248.838°° - - 3 s
74 ;ﬂmr 18.41.11,6 60 - 2 -
VL73r.  16.28.40,7
76 B.VL73r. 23.49.4212 gfg 4 §Iﬁ3 5
77 VLB, 6 1. 31 841 3 s
78 8VIL23r, 10.18. 4,68 38 7.6 4 18
70 - 13VIL23r.  9,81.81,2 47 7' 4 18
80  2.VIL73r. 22.25.46,5 43 &6 2 -
1 5VILBr, 034468 94 84 4 3
82 25VILZr. 2140208 42 87 2
. 83 VilL3r. 7,42.84,8 1:9 5:4 2 :
84 6.VIIL73r.  23.24.490°° @0 - 4 -3
8s VLT 234413 43 - 2 -
. (30 21.27.
87  IVIL73r. 1_35,33:3“ Bl T2 2 2
88  ILVILTr. 2150.54,0- 86 66 3 s
88 . " 19.VIlL73r. 18,59,10,1° - - 3 :
81 20.VIIL.73 10.85.56,1 4,0 7.7 4 lg
92  10X.73r,- 11.03.30,2 80 7.7 2
83  JIX.23r.  21.14.20,0 4,0 83 2 -
:; ;g&(g’g r. 22,13.30,4 - - 2 .
AX 231, 18.31.18 )
96  2XWr. 1854103 o5 o9 2 2
87  2IX.73r.: 11.15.27:0 81 2 -
88 1LX73r. 23, 7.408 45 5.6 -
80  13X73r 7' s2 0 6 : s
. 7.5249 80 62 4 as
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Appendix 1, continued

i [ S 4 8 6 7
100 l4XJ3r'  7,28.16,8 ° 47 6,0 :
101 15X73n . T.448.2 80 88 3 s
102 16.X.73r.  15.17.30,7 07 6,2 2 -
103 17.X.23r.  23,40,30,4 88 6,8 3¢y 0
104 19.X.73r. 0.48,52,4 48 8,0 [ 6
108 28.’(.73 [ 1‘13&‘8.8 8.0 . 405 * 2 -
108 29.X.73r,  18,14.37,8 4,2 8,3 2’ -
107 29oX073rs 22-240 5.'2 9.1 7.8 3 80'
108 wnx‘ 3r. 21015.5,.;4.‘ 4.‘ - 2 -
100 1XL23r,  7.10.14,8 6,8 6,8 3 81
110 12.X1.23 1, 4133.55.0 6,8 6,4 3 0
111 13.X1.23r.  7,34.88,1 88 68 2 -
112 l9.m.73l'. 2‘.380 2.2 5.0 7'3 2 -
113 19.XL.23r.  23.81.21,0 1,3 8,0 ) 8
114 26.X123r,  12,21,31,4 42 8,6 3 10
118 26.X1.73r.  12,24,10,0 80 8,8 3 10
116 27.XL73r.  22,48,40,4 8,2 6,4 3 30
117 30.x1-73 | Y 210‘7-11.3 400 - 2 -
118 9.XIL.73r.  17.41.18,8 81 7,4 ) 20
119 18.XIL73r.  6.44.12,8 40 87 2 -
120 19.XIL723r. - 3,18.11,8 44 B8 2 -
121 19.XIL23r,  -7.54.43,2°* 3,3 - 2 -
122 . 2l.xu.73h 2&30;12.5 “2 8.3 s 18
123 23.XI1.73r,  21,33.18,8 8,0 8,7 3 0
124 24.XIL.73r.  16.22.47,3 © 4,8 6,7 4 10
128 24.XI.73r, * 23.38. 3,3 80 6,4 3 38
126 26.XIL73r,  21.80.51,4 45 64 3 o
17 28.XIL.73r. 12.30.81,8 6,0 6,0 2 -
128 3LXIL.73r,  7.36. 1,9 38 857 2 -
120 31.XIL73r,  17.41.21,0 50 7,8 3 17
130 . 2L24r.-  23.25.20,8 22 6,0 A 0
131 L4r.  10,14.35,0 43 6,38 2 Ve
182 8.L74r. 4.36.44,9. 6,0 87 .2 -
183 14L%r. © 7,81, 7,2 88 8,8 4 0
134 19.574r, 4 1. 3,2 83 85,3 2 -
135 20.5.74r, 8.45.83,2 84 6,1 3 s
g; gg.{;:r 23, 1.16,8"° 37 ' ‘2 -

L4, 22,55,49,0
139 30Ur. 1414 81 57 o8 b Ho
140 €lL74r.  20,37.11,0 6,2 ' 8,6 4 15
141 BIL74r.  18,50.36,4 5,6 . 6.5 4 17,5
142 8H.74r.  23,30.37,3 6,8 86 2 )
143 9.01.74r.  23,45.35,8 38 = 3 14
.'.:4 ;;g;:r 1055.17,6°* <~ . 2 -
148 .T4r. 8.34.21,9
146 16HT4r  1044.25.9 49 o1 3 :
147 16.1L.74r.  13,23.22,3°* g6 . 2+Y4 1¢>
::g l7.ll.;4 re 1234.21,8°° 44 - 2 -
20.11.74r, 4. 5,29,4
180 23.11.74r. 7.21.48:4 g:g ‘ Z'.s‘ ; g
181 23-"-74 Fe 7.22.27.2 8.0 7 1 -3 iB
152 24074, 21,25.22,0°° 5,2 - 3 -3
153 26.11.24r. 8.40. 1,7 435 6,0 ‘3 19
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! 2 s « | 8 6 D)
‘n. 26"'.7‘ r. * ()
188 25;:177" :.:SI:;::“‘ vose : B
JML74r. 2033, " 'a
187 6l odsses o8 .3 o
188 GHLZ4M" 110, 68 ° 76 v 4 °
120 6ML74r. 23, 8,48,4% 490 . . 2
. 160 7!"'!7"‘.. 1'800 '3.2 7:b 7-9 ': s
igg l;m;:r 2048, 0,8 7.0 a:a' 4 ‘:g
JdilL@qn, : 2 o . ' !
L163  ISliMn 22 edsers 43 MO 3 e
164 18.MIL2r.  8.87.1,8 " 40 @68 s 35
168 2LlL74r. 111007 - - 2 12
168 22.111.74r, 0.40,38,0 %8 17 o
167 20.IL74r.  1246.48,3% g0 o 3 o
168 ' 2.M74r 1810177 10 6.4 : o
189 2IV.I4r:  22.20.280% 8'y : 2
170 7olv.7‘ L 18027.39'1 ".6 (] 8 : 5
171 7IV.24r: 21, 1.86,8 30 67 : 2
172 10.V.4r: 838230 80 69 : o°
174 lS.IV.'!‘l‘. b 013808401 5.6 6.7 °
178 15IV74r- 10, 4.388 60 12 T N
176 12.0V.74r, - 21.35.18,0 4,0 a:a ‘2 2
177 180V74r. 834410 40 B8 4 ’
178 18.IV.74r.  4.15.48,0°° 384 o 2 2
178 1R.IV.24 1, 4,40, 1,5 68 8,8 2 2
180 g?.}z;: r 2221344 80 68 4 14
AV 712,21,2 0 47 7.4 4 -
182 2LIV24r.  7.36, 3 12
183 2VI4r 1086470 o o ‘ e
184  B.IVMr 1342102 68 aos 3 . ¥
185 | 4Vur. - 2321380 88 a's s 3
:g;a 337741' 21.81.38,4 e.'a 13’.1 ' 2 g
(A L] 4!‘. M N
188 - 16.Vir. oagargee 2 88 4 T o0
189 20.V.7%4r. 23.42.48,8 7.3 ;2 : -
180 . 30.V.M4r.. .201832,0 a7 - i 3
101 3LV.24r.  21.46.20.3 - . s I
102 LVI4r.. 16,48, 9,4** 57 2
1083 VLT 8.27.50.1 20 42 3.
104 | SVIMR 31145 28 o : 1
105 TLVLMr. 14.35.554 5.8 70 2 1
166 1LVIMr. 11.37.188 30 a7 3 2
197 DVIUr. 027287 83 68 : '
108 AVIUr 746161 68 2 >
200 26.VLUr. 9 2827 @8 & : o
201 1.VIL¥r, . 22 48.4 2,0 5'7 g‘ s 3 5
202 25.VIl4r,  10.14.27,1°* 58 8 : 1
. 203 2.VIlMr. 1810802 48 . p i
204 BVIUr 344278 48 - s 25
208 24.VILUr, 21.44.16,0 Y 3 oo
208 \ 7.5 63 s 23,8
U.VIL74r. 21.54.31,8 0,5 g PR
207 1°ov"'474 | o 5.89.3303 3!3 ‘.9 z 25

Yt e eep o —n c——
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1 2 ] 4 8 6 7
208 l4VIL4r,  23.18.41,6* 68 4 -0
209 23.\""0 74 P 6.21'0 23‘8 2'2 6'6 2 -

, 210 23.VIlL. 24, 8.40,40,3 88 87 Rk} 2
211 23.\"".74 [ 12-39:36.0 5.0 6.0 . 2 -
212 23.\’"[.74? + 16, 6, 7.0 8.5 6.6 4 20

- 213 SIX.74r,: 0.67.40,0 28 4,8 .2 -
214 13.0X.74 r, - 8,88.23,6 80 7,7 4 18
215 ) 18||Xo74 [ NS 5-28.6 4.0 8‘2 3 1705
216 18.1X. 74 r, 7.82,48,0 88 17,2 3 30
217 200'Xo?4 [ o 70 2-47.5 3.5 8.0 2 -
215 22.'x.74 [V 7.28.06.7 3.8 6.0 3 8
218 25IX.74r.c 441508 4,2 6,4 . 4 -0
220 25.IX.74r, 0.58.14,5 32 58 3 24
221 201X 741, 11. 2,59,0 4,0 - 4 21
222 290IX|74 e 80 013600 4.0 - 2. S w
224 loXl?‘ [ ! 17. 1052.2 3.9 6.5 2 -
228 5X%4r. B, 0.354 48 88 a 1
226 10.X.%4r, - 217.44,6 4,7 6,3 3 o
227 13.x.74 |28 6038049|2 3.8 - X 2 .-
228 14.X.74r, 16.38.43.5. 8,8 7,2 S o
220 15X.M4r. 2.86.22,9'" 90 - = 4 ]
230 -23.X.74r, 2.30.21,5 8,8 6,8 2 -
2381  : 2XL%r. 4. 8.43,8 31 6,5 4 12

- 232 2XL%r..  10.40.17,8 22 6,0. 4 -0
233 4.XL74r, 16. 1, 1,4 8,0 8,6 4 (¢]
234 20.XL.74 . 0.28. 8,0 57 6,0 2 -
235 23.X1.74r. 6.15.28,0 4,8 - 3. 10
238 23. XL, 2213.43,5“ 30 55 3 10
237 21.XL74r. 7.18.45,1 3,8 - 2 -
238 2.XM.74r, 10.45.48,5 10, - 2 -

3 '+ 280 9.XIL.74:. 14.12,22,0 8,8 6,8 2 -
240 12.XIL.74r..  15.20.13,0 9,3 8,7 4 0
243 18.XIL74r, 6.23,11,7 7,0 64 3 o
244 2llx"n74 f‘.‘ 9-30.32'5 - - 2 . ‘e
248 22.XIL.24r. 3.45,36,0 8,2 8,0 4 o

- 2487 22.XI1.74r. 21,39,26,1 7.5 6,2 4’ 0
247 27.XI1.74r, 1. 6 7,3 4,7 702 4 11
248 30.X11.74 . 4,22,25,4 - - 3 5
240 WXL 7,23, 7,0 3,0 8,5 3 ¢
280 30.X1.74r-." 7.45.10,7 3,7 6,2 -4 .
251 . 3G.XIL74r.  15.29.16,2 3,5 8,3 2 -
282 31.XilL74r, .. 14,22,51,3 10 10 4 20
253 4.1.75r. . 9.36,1° - 2 -
284" 41757, - 21,47.46,7. 9,8 11,8 3 20
2§5 5-‘.75"0 * 239, 7.8 P - S * &‘-
286 13,751, 20,33.11,0 5,0 '".6.6 4 12,5
257  -13.L75r 6.20,2¢,1 3,0 8,0 12 -

’ 258 . 90".7er 7«13.1&0 - . - . 2 -
239 101175, 10.45.54,3 3,3 7,6 - .9
260 16.11.75 . 7.55.24,8 80 7,0 .3 20
261 2LILI5r, 8.18.49,5 40 17,3 4 12,8
2062 1.1L75¢r, 12.15.13,8 58 €,7 ‘4 -3

. 2683 3ML75r, - 7.56. 7,8 - 4,7 8,8 3 o
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1 2 s 4 8 8 7
264 6-"':75!“. 9.89.18.4 4.8 7:8 4 0
265  10.1L75r, 10,28,16,2 28 1,3 4 12,5
266  14.1L75¢, 17.56.37,0 10 6,0 3 -3
267 231175, 5.43.47,0 28 53 4 12,5
268  2.HLY5¢, 8.43,13,0 4,2 B,7 2 -
260  25.01L.75r, 0.56.47,7 .4 68 8 30
-270 26-'"075"- 0.47.1.7.3 4.0 5.3 3 -
11 29J01L75r, 8. 6,38,0 8,8 7,4 2 -
272 20.1L75r, 18.48.07,9 81 7.7 4 0
273 3IV5r. 3.13.31,7 7,3 1,3 2 -
214 20IV.75r, 18. 4,31,5 50 55 2 -
275  28.IV,75r. 20, 3.13,5 4,7 6,5 4 10
2168 1LV.75r. 3. 427,9 3,9 6, 3 4
277 12.V.75r, 6,283,354 3,8 5,6 2 -
218 12.V.15r, 10.47,23,6"" 3,7 = 2 -
2718 13.V.75r, 17.20.49,4 7,8 7,0 4 (o]
280 15,750, 12,45.524 4,4 6,8 3 14
281 16.V.75r, 1,485,205 87 7,3 .3 0
282 16.\’.75!‘- 15043:53.4 8.8 6.4 2 -
283  19.V.75r 11.31.588 6,8 7,0 3 o
284 24,751 8, 25628 6,8 6,3 2 -
285  30.V.75r. 23,23,17,5 8,0 6,8 2 -
286 1YL, 3.10,55,3 68,4 17,8 3 18
287 10.V|.75l'.‘ 0,26, 6.2 4.1 6'5 3 17
288  18.VLI5r. 18,38.40,7 6,0 57 2 -
280  4.VIL75r. 4.45.22,2 68 6,5 4 [}
280 1LVIL?5r. 5.58.28,5 2,3 = 2 -
201 20.VIL?5r. 4.57.46,9 . 6,2 7,1 s 0
202  25.VIL7Sr, 17.11.14,8 - 5,6 "8 (o]
283  28.VILISr, 10.5344,2 44 6,4 s 6
204  2.VIILI5r.  10.53.24,9 4,4 5,8 3 8
295 5.Vm.75!'- 16, 1029.9 6.0 7.0 2 -
206  6.VIILIST. 0.20,38,0 7,0 7,2 4 -3
207 9,VIIL75r. 5.38, 8,2 1,4 6,2 4 - a3
200 15 VIL7?5r. 0.43,15,6 50 = 2 -
300 19.VIL?5r,  13.46.20,5 1,4 5,5 5 [}
302 27.VHL75r,  16. 4.40,6 4,0 5,7 3 =3
303 30.VHIL75r.  23,18.206 4,5 6,8 3 10
304  6.IX.75r, 7.35.26,3 3,8 5,0 3 o
305  6.IX.75r. 5.10, 3,6 45 = -3 20
sw 6-'x.75r0 23.39.31.8 7.2 - 4 20
307 7IX.75r. 23.12,37,3 3,3 17,8 4 7
308 .17.IX.75r. 19,3245,6 56 =~ 5 12
alo 18.1X.75r, 22.21.43,2 1,1 5,7 4 2
311 23.IX.75r. 7. 9.34,3 - - 3 -3
312  24IX.75r. 6.16.53,5 5,1 - 2 -
, 813 1.X.75r, 6. 0. 8,5 28 - . s ‘0
814 9.X.75r., - 10.19.35,2 4,2 6,7 s 12
815  16.X.75r. 5.54.58,0 6,0 6,3 3 15
318  172.X.75r, 047. 84 7,7 1,1 4 18
817 . 26.X.75r. 1846.49,2 4,3 5,0 8 14
318  30.X.75r. 16.22,26,8 8,0 7,0 T3 0
310 2.X1.75r, 6.49.46,6 4,7 5,6 4 -3
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1 2 3 4 8 6 7
320 8.X1.75r, . 7.88.22,7 T8 1,7 < 0
321 13.X1.75 ¢, 7. 1.81,3 68 6,8 4 18
322 14.X1,25r, 1,30,42,6 7.1 8,2 3. «3
323 20.’([.75 P 22|4°o 1|9 4.7 8,3 2 -
324 22.X1.75 ¢, 21,84.84,3 40 54 2 »
328 24.X1.75¢, 20,80, 8,1 8,1 - 2 -
326 30.XL751, - 18, 0,340 4,1 - 2 -
327 2.X11.75r, 6,41,51,6 o4 83 4 17
328 3.)(".75!‘. 18,10, 8,8 6.1 -B.B 3 16
329 6.)(".75 )Y 3.47015.3 3.5 - . " 6
330 9:x":75 [ 14031.33'3 "2 5'0 2 . -
331 120 "u?S r 23466.53.7 3.6 5'7 2 -
332 19.X1L75+¢, 21, 58.,14,7 8,8 5.6 4 7
333 l9.xn.75 [ 21.44'10’2 5.0. 6.5 3 M
‘334 20.)(".75 r. 3,88,26,8 6,1 8,3 4 8
338 2,176 1, 3.86.88,4 9,7 8,8 0
336 10"076 [ °o 814604 “2 6.‘ -
3317 14,1176 r. 10,10.20,68 88 6,8 o
338 16.11.76 . 6.28,21,8 88 63 (0]
338 18.10.76 . 12.41. 8,6 44 B,0 2,8
340 V0076 1, 1218, 7,8 46 8,6 . 8
341 lo"c76 e 21, 9.41!8 3.1 - 4 10
342 6.11.76 1. 4, 4.48,3 4,7 6,4 4 8
34! JILT6T, 3.33.34,4 7.8 7,2 3 o
344 26, 17.40,37,4 80 7,9 8 o
345 S, 11,38.490,4 4,0 8,7 2 -
346 AN (1 20, 8.12,8 2,1 8,8 3 0,8
347 'b76 r. 14.54456.1 6‘3 7,2 3 -3
348 . L76r, 10,49,41,8 2,6 6,7 8 12,8

h ‘349 25001760 ° 1, O.leyt 4,83 6,2 3 128
350 2.1V.76 r, 13.10.00,7 4,2 17,8 8 12
381 12.1V.76 . ° 2.22‘82"- 6.1 - 3 0
352 30.1V.76 r. 7.36.48,8 4,1 6,6 -8 0
. 383 4.V, 76r. 2,20,85,8 63 15 4 . B
354 15.V.76 ¢, 3,28.14,0 7,0 7,0 3 18
355 270v076 r 17.49.56,7 4.0 8.3 2 i
3as6  LVLI6r..  17.1240,3 4,8 . 6,8 4 6.
387 l.Vl.76 r. 17.13.52.0 5.0 7.4 4 . 5
ass 5.VI.76 . 8, 3,68,6 64 7,3 3 0
- 389 20.VL.76r, 20.27,51,2 8,7 9,3 4 (o)
380 21.VL.7%6r, 20,81.11,8« 4,7 5,8 3 10
301 27ovl076 e 12.21015'5 e.a 5‘8 3 0
362 28.VL.76 . 21.48.11,3 30 17,8 4 18

Notes. The depth of the basement under the Alma~Ata station of 4.2 km
{s taken as the reduction leyel Hm0,

*The Kurmenty (K) and Chilik (Ch) stations of the regional network are
indicated, the data of which were used to find the coordinates of the system.

**The earthquakes not recorded by the complex seismological expedition
station. The time was taken by the T(RTS) station,
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APPENDIX 11,
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BULLETIN OF NEARBY INDUSTRIAL EXPLOSIONS RECORDED BY THE
RADTOTELEMETRIC SYSTEM FROM 1 JUNE

1972 to 1 JULY 1976

N Rara Rpema’,y. .0 K Mecto mapuma .
2 3 4 8
1 d¥L2r, 0, 1,%2,8 7,0 Madeo
2 lS.VI.?Z e 6-31049.7 8;5 . "
8 19.Wn72 Pe - 11.”.57.9 4.9 "
4 . 50“‘072 L' 12,37 7.‘ "
8 6.VIL72r.:  11,84.,46,4 50 . "
& HVIL72e, 1,14, 1,4 - "
7 15.Vil.72r, - 0. 1,32,6 - "
8 . w.V"le‘_‘. o.o, 10.8 ' 5'5 ’ "
() 1“%'3% re: .} 1,38.40,1 7.8 Kotur~Bulak
10 184X 72r, ! 2/22,22,0 8 Meadeo
11 20.X.22r.: 10, 3.80,0 - :;.4 Kotur-Bulak
12 22.1X.72r, 0.54.08,2 4,4 Madeo
18 : a.x.'?zl“. 18.14.19.0 5.8. Kotur-Bulak
.14 . 3.xl-72ru' 10. 0. 3.2 7.3 "
1 18 2.XIL72r, 10,20, 6,2 6,0 "
16 13.L73r. - 8.81. 8,4 8,7 "
17 3LL73r. 10,50,49,2 7,3 "
18 SH.73r: - 5,88,36,8 5,3 Medeo
19 23.H.73r.;. - 6.38,45,2 7,6 Kotur-Bulak
- 20 11.¥L,73r, - 0., 5.43,8 - Medeo
21 5VIL73r.: 14,40,11,3 7,8 Kotur-Bulak
22 19.Vl|.73 e 0.13.47.§ 7.‘ Isﬂyk
23 19.VIL23r.:  10,27,31,0 6,6 Kotur-Bulak
24 29.VIl.73r, - 22.12.40,0 6,3 Kapchagay
2s 3LVIL73r.-  11,18,06,2 . Medeo
26 4.VIIL3r, 8,29,52,3 7.3 KaRchngay
27 8.ViiL.73r,; 16,28, 8,3 © 6,8
28 10.Vii.73r.© 10,37, 8,8 73 "
20 18.VIIl.73r. -  20.27,81,8 - North of Alma-Ata
30 4I1X.73r, - 9.11,50,8 5,8 Kotur-Bulak
a1 SIX.73r. - 8,40,28,4 B Chilik
32 20.,1X.723r,- 11, 2.84,2 8,8 Kapchaga
a3 25.1X.73 . - 10, 1,19,2 5,8 Kotur-Bulak
24 4.X.73r.. 11, 7.38,0 5,2 Medeo
35 5.X.23r, - €.33.30,2, - fiagchagay
36 6X.73r, 12,49, 8,0 5,0 eo
a7 8.X.73r. 11,50.26,6 5,7 Medeo
s8 9.%.73r 0 11,28,27,7 6,0 "
39 10.X.73r. 11.26,55,8 - "
40 12.X.73r, 11.48,45,0 56 .
. 4 H.X.23r. 11.31,45,6 8,5 "
42 14.X.73r. . 11.31,54,8 6,4
_ Key: 1. datej 2. time, hours, minutes, seconds; 3. place of explosionj

4. day, month, year; 5. *at Talgar station
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Appendix 1I, continued

i » 2 . . 8 ' 4 ] .
43 16X.73r © 8.28,20,7 - .\ Medeo
24 l6u\:o73|'u ! 12.34.1‘.2' - . .
' 48 *17.X.723r, 3,40, 6.5 R -, .
1‘6. l9.x.73l‘. 11, 181, * 6,2 .,
47 2°|x473l'o: 11,18,88,3 | . 4,0 I
‘8 2“xz3l‘o' i 12.25; 9.4 L L4
40 - 25.X.73r 6, 6,88,0 . 8,0 4
80 27.X.73¢, 0 11,14,34,1 6,7 .
81 '27.x.73r. ‘ 1 1.36.26.4 8.5 .
82 «2.XL23r, 11, *;39,0 61 - .
. 83 3.XL723r,. .6,22,18,3 8,7 . H
84" 3.X.213r, 11,27,87,0 4,6 ’ :
88 l6.Xl.73r. 11,88, 40 85,4 .
86 20.X1.73r. 8, 0.24,2 108 ’ .
87 25.XI.73!'. .100. 4.12.5 508' ’
58 28,X1.73r, . 11, 6,34,6 88 e
89 *30.X1.73r, 11,16,82,8 6,3 .
eo @.XK.73I‘. 11.17u1109 509 . .' . .‘.__
- 61 4.XI.73r, 10, 0.28,3 70,  Kotur-Bulak
* 62 . - 4XN.73r.  11,87.30,8 8,7 Medeo .
63 1LXIL73r, . 11, 3.28,4 6,6 e
64 18.XIL73r. 11, 8.14,8 7 L
es 19.Xi1.73r,  18,87. 0,0 82 Kagchagay
86 25.x"-73ro : 8.33.23.1 - ‘He ao
67 26.X1L.73r.  11,13,44,3 6,7 : f
68 28.X11.23r. 7.24.87,4 - w
69 29.XIL73r,  11,83.19,3 6,8 Kapchagav,
. 170 2L 11,31,240 . 6,4 e
on 8.i.74r. 8.10.01,4 8,7 . Medeo
72 8L%rc 12, 2,571 EEC ’
73 . 9.L74r.; 11, 7.53,0 - 4
74 * 22-'074"‘ v 11- 9027.4 - -0
73 - 23.L74r.: 8.44,11,0 49 .
36, 25 4r.: . - 6,10.15,0 - .
77 25-}};"’0' . 11,30, 8,7 ’ L - "
78 29.L%4r. 10,50. 3,6 - Kapc
79 0.L74r.  10.42.52,8 72 apchagay
80 SH4r.-  11,14,28,0 7,3  Medeo
81 70L74r. 11,17,42,3 .88 . * .
82 9ML.74r, - 1,37.41,0 720 . T
83 _ . 120L74f. 1113141 . 51 .. 7
84 1241.74r,.  11,35.14,1 . 8,3 Kapchagay
© 88 16.11.74r. - 11,10, 7,3 5,7 edeo
, . . 86 | 19.4.74r.c  21.25,62,6 7,8 West' of Alma-Ata
87 22.1Lv4r. " 12,28, 1,6 7.0 Kotur-Bulak
88 230.74r.c  ©,26.16,7 6,2 _Medeo
89 -~  LML74r. 11,23,448 - 87 - .. ‘..
80 3MiL74r. 12, 8,87,4 et
o1 411.74r, 11,22,54,9 . a2 . . *
22 12.1{1.74r. 12, 7.36,4 . 8,8 .t
23 13.1L74r, 1, 5.24,9 4,8 .
84 - 22lIL.7%4r. 5.47.28,8- 6,6 Kapchagay
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1 2 8 4 8
1.} 23.HL724r, . 0,42,32,6 - Kotur=-Bulak
08 0.111.74r, 13,80.11,0 8,0 Kapchagay
87 l.lVo'uI". 18, 5.18‘5. 6.5 - "
08 IV, 24r, 11, 8.54,4 8,4 Madeo
99 E:IV- 4!‘.' 11.10. 6.5 8‘9 ’
100 1LV © 0,27.10,0 8,8 .
102 lelymen. 1004018 88 kors
102 ol Y ‘l".‘ o ‘c 0 '] Ko -
103 18.1V.724r,:  11,16.48,4 - Rotur-Bulak
104 22.|,V.7"l‘. 11,48.28,0 6,7 K‘pc‘msay
108 230V.74r.  11,11,46,3 5,5 Medeo
106 24.1V.74r, 130 1.30.4 7.1 Kotur=Bulak
107 %.lVa?‘h 11.26. 7.5 7.4 “ﬁd“ .
108 20.1V.4r, 6.44.18,2 8,8 ’
108 V. %r. 11,12, 2,2 8,8 ’
110 8.V.%4r.: 11,10,20,8 6,8 Kapchagay
11 22.V.74r. 11,17.10,2 6,2 Madeao )
112 29.V.74I". N 11.21.29.‘ 6.6 L4
113 20.V.Ur. 12,10.14,0 - Kapchagay
114 10.VL.74r. 11, 0.24,0 6,7 "
118 12.VL.74r. 11.16.84,6 8,8 Medeo
116 13.Vi.74r.  11,18,36,2 6,8 v
117 ﬂ.\'].?‘ [0 6.1 1-23.4 8.1 ’
118 23.VI.:Ur, - 8,35.14,4 8,8 ’
1190 ”a“o?‘ro' 1- 0.33.7 6.5 4
120 30.V1.74r. 5,58,43,0 8,8 .
121 9.VIL.74r,  11,36,24,4 g,‘; :
122 13.VIiL.7%4r. 1, 0.12,8 N '
123 13.Vil.4r., 4. 0150 - . lssyk-Kul
124 18.Vil.74r,  11.23, 3,4 -, Medeo
125 2.Vil.74r. 11, 8.20,8 .
126 25.3!:{?4 r g.zzg.slg.g 6,7 :
127 6' ‘ 07 129 . » ) L)
128 9.Vlll.7:r. 0.46.31,4 8,8 Kotur-Bulak
129 1L.VIIL74r,  0.25.23,8 6,8 | Medeo
130 13.VIIL4r, 0.18, 0,0 7.8 ’
131 24.VIIL. T4, 0.43.10,6 Tl .
132 27.\'[".7“‘. 11, 1'13l7 - '..
133 28.Vill.74r. ii g.;;.g g.: :
134 2.1X.74r. o Dok {y *
135 3.1X.74r. 20,22, 2,7 7,7  Kapchagay
138 41X.74r. 11, 0.30,8 < Medeo
137 7.1X.74r, 7. 6.34,7 7.8 ’
138 1L.X.24r. - 11,26,23,8 - - 4
- 139 6.X.74r. 0.52.48,0 7.9 .
140 19.X.74r. 10,57.41,0 8,0 .
o BIMN eieee T4
142 X741, 57,40, ] :
143 2.X1.74r. 0.47. 4,0 8,7 Kotur-Bulak
144 3XtL.74r. 9.20.36,7 8,0 Southeast of Ozero
148 12.X0L.74r. 11,17.22,5 78 Medeo
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1 2 3 4 8

146 A7XL7%4r:  8,87,40,7 8,1  Medeo
147 20.X1.724r.  22.43,46,8 7,0 _Kapchagay
148 2.XL74r.  10,22,20,5 6,0 ’
140 2. X174 ¢, 11, 8.40,0 -
180 20.X1L.24r, 7.33.48,0 8,7 Medeo
151 8.XIL74r. 10, 8, 2,3 8,1 Kapchagay
182. 15XiL14r. & 0, 0,0 20 | nokeh of Alna-Ata
153 15.XIL2r. 8,485,370 - i
154 16.XIL24r. 10,30, 0,3 9,2 North of Alma-Ata
155 17.XIL%4r,  7,21,81,4 - Medeo »
156 19-"".74!‘.' 111 1.25.1 7.’- * T mme e
157 22.XIL24r,  6,33,21,2 7,4 . .
158 20.XIL74r,  0,94,11,8 8,8 | North of Alma-Ata
159 2.XIL4r,  8,52,30,8 7,0  Kapchagay
160 28.XI.74r,  10,40.49,4 - Kotur-Bulak
161 XL 10.29.46,0 g.e .Medeo
182 9-"-75"0‘ 7| 5.40'6 .9 4
163 14.175r. 11, 7.04,1 7,8 .
164 200"075"- 10. 1.41.3 - 4
165 2LL75 e, 7. 6.02,7 5,7 .
166 26,175+, 0. 1.14,8 7,8, .
187 LIS, 0.46.13,0 - .
168 2.H.25r. 7.62.23,4 7,8 .
169 6,75+, 11, 0.20,3 6,4 K
170 8.H.75r. 7,46.21,0 6,8 .
171 10.IL75r. 11, 2, 9,8 5,6 -
172 1LH.7Se. 11,18,58,3 5,2 .
173 16.1,75r. 2.02.34,8 8,8 .
174 20-"- SI'. 6-35.26.0 ‘- ’
178 2L075r.  11,29,80,6 7,6 .
176 1.2:.75 r 11,38,54,2 6,6 e .
177 10.HI.75r. 11, 1.36,8 6,2 . .
178 1LIL75r, 11, 7.48,3 7,8 §°§“§"5““"
179 12.L75r.  8.56,18,8 7,3  lede
180 12.iL.75r. 18, 8. 4,0 4,8 .
181 14HL75r.  12,36.41,8 8,0 .
182 ISHL?Sr, . 11,28,21,6 5,4 .,

d 183 1S.HL.75r.  11.24,18,1 88 . 4

. 184 18.HL.75r, 1,39.20,8 8,2 Kapchagay
188 23.1§L.75r, 8,10,51,2 8,4 _Medeo
186 28.1L.75r. 6.19,34,1 - .
187 LIV.2Sr. | 6,32,42,2 - 6,4 . .
188 4V.75r 0 11,23,21,3 6,5 .

. 189 8IV.5r. 12, 4, 6,0 - Near Medeo
190 10.IV.75r. 7. 7.34,8 8,0  Medeo
101 1S.25r. 6,46, 6,7 6,2 .
102 15V.75r,  11,30,24,8 5,6 .
1083 18.1V.75¢, 7. 2.21,8 8,6 ..,
104 18.VL75r. 7, 2.80,0 8,7 s
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b3 [ , 38 4 8
108 19.v.75r. . 13.41.18,6 7,3 Kapchagay
- 168 20 IV.75r.  14,81,29,4 7.8. Medeo
197 231751, 0.22,48,0 8,8 Kotur-Bulak
108 25LIV. 75, 11,14,88,3 8,7  Medeo
100 6.V.75r. 11, 6,38,1 7,8 .
200 12.V.75r. 11,30.46,0 6,8 .
281‘ 18.V.75r, 13.26.53.1 8,6 LA
202 22.V.75r. . 12,18,14,0 6,1 co
203 23.V.75r. 11, 0,48,0 8,8 . Kotur-Bulak
204 25.V.75r, 7.81,26,0 8,8 Medeo
208 31.V.75r, 10,38, 7,0 6,7 L
206 2.Vl.75 [ 11.48.29.0 . 6.0 ) . Kotur-%ulak
207 - 3. VL. 75, 11.32.88‘7 ) 5.1 H‘dao
208 8.VL75r. 0.86.57,0 7,9 .
200 13.V1.75 =, 6.11,13,3 7,0 . .
210 “.VI-TSI'- 9.52.42.3 7‘7 e
211 17.VL.75r, 6.37.34,4 7,8 .
212 22.V|.75 Feo 9.84-‘2.8 - ’
213 B 22.V|-75l"- 9.66.52.6 - .
214 27.VL5r, 7. 5.44,4 7.3 .
218 LVIL?5e. . 7, 8. 9,0 1,0 .
216 TVIL75r, 11, 6,22,0 4,8 ’
217 8.VIL75r. 11, 6,57,1 8,8 .
218 9. VILS5r. 7,26, 8,4 5,8 ’
219 11.VIL?7Sr. 20,43, 9,8 8,2 Kapchagay
220 12.VIL.71S v, 10,28, 40,4 - Kotur-Bulak
221 14.ViL.75r. 7.08.24,3 87 . Madgn '
222 l9.vn.75r- 11. 2'47.7 8.7 o ST
228 2LVILSe, 11, 1,32,4 5.2 .2 :
224 25.VIL.75r, 4.26,47,1 8,4 Kotur-Bulak
225 27.VIL75r.  8,40.26,7 88  Medgo. .
226 3°.V".75 e 1 1.13.42.0 6.8 : ’
227. 1.VIIL?75r,  12,46.11,0 6,4 v
228 3.VILISr.,  8.83.21,4 7.8 ’
229 10.VIILL75r. ~ 14,38.41,2 8,7 -
230 1.VIILI5r, © 7.12,22,0 7,8 ’
231 17.V1IL75r. 16,83, 8,2 6,8 .
232 23.ViiL75r.  ©, 5.56,7 - .
234 2.VIil.75r.  11,16,21,8 5,8 .
235 22VIIL7Sr.  8,56,39,8 - -
238 29 VIILISr. 11, 9,27,8. 6,8 .
237 W0VIEISr. 4, 4.29,3 - .
238 4.}X.75r. £.42.88,6 . % To the northeast
339 - S, )_(.75.1-‘.' . ,.1.10.270.1. 6,3 of ot
240 8IX.75r. 12, 7.52,2 g2  [Medeo
S 2R 16.0X.72r.. 11.12.30,8 6,4 -
242 25IX.75¢r ,  5.18.84,1 .- ’.
243 . 25.IX.75¢. © 11, 0,86,2 6,0 .
‘244 ©2.X.35r. | 11,22,83,2 ‘5,8 .
248 11.X.75r. 6.80,10,2 8,3 Kotur-Bulak
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1 L} 3 4 8
246 11.X.75r 0,20, 0,7 6,0 , _Madeo -
247 PR 11,18, 8,6 6,0 ’
248 30.X.751. 18,74,16,3 77 To the northwest
. of Alma-Ata
249 3A.X.75r 8.10, 8,8 . - Medeo
250 L.XL75r, 8,51,47,8 8,8 ’
281 5.XL75r, 6,40,57,8 6,0 LB
252 14.X1L75r, 0.28,86,4 7,8 Kotur-Bulak
253 25,x|.75[‘. 7.88.26.7 6.9 ’ .
254 10.X1L.75r, 0.48.18,6 7,8 Medeo
288 1LXILT5 6.33,.5,8 - 76 . - °
256 22.X1L.75 . 0,48.28,1 A Rotur<pulak
287 23.X11.75 ¢, 10,86.46,2 8,8 Madeo
2858 6.1.76r. 20,33,15,8 8,6 ’
250 101,76 ¢, 11,42.38,3 9,3 .
260 210176 ¢, 20,18,10,53° 6,9 Kapchagay
. 261 31-'-76 [ % 7012‘35|7 7.1 Kotur-onulak
262 31.L76r. 8.51,35,4 8,2 Medgo
263 10.1L76 . 8,55.11,1° 7,4
264 29,1176 1. 6, 2.55,2 8,6 ’
265 29.11.7%6 r. 11,82,18,7 8,3 ’
266 9.0L76r. 11, 5,46,3 6,4 0 ‘
267 24.11176x 11, 2,52,8 8,7 Kotur-Bulak
268 241176, 11,27,20,0 8,1 _Medeo
269 2611176 ¢, 4.34, 2,0 8,3 A
270 6.1V.%r. 11.16.39,8 6,8 .
271 9.IV.76r. . 6.38,30,3 7,0 .
272 2LAV.76 T, 11.20. 6,7 8,0 .
‘273 20.IV.%6 . 7.82,11,7 7,2¢ ’
274 30.1V.76 . 8,42.39,1 7,4 Kotur-Bulak
275 7.V.%6r. 6,52,26,2 8,0 Medgo
276 ;gz;lgr 11, 4.32,4 8,0 v
277 V.76, 10,44,42,0 7,0
278 2VL®%r. ' 11,30.37,0 - Kotur-Bulak
279 9.VL.76r. 8, 2.49,8 7,5 Medeo
280 11.VL76 . 11,19,45,8 7.2 .
281 laovla76 r. 11.27.35.6 6.7 . ’
282 24.VL.7%6r. 11,26,22,8 5,1 v
283 29.VL76r. 6.11, 7,8 6,8 .
COPYRIGHT: Izdatel'stvo "Nauka," 1978
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