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ABSTRACT

This report concerns technical activity at the Montana Large
Aperture Seismic Array (LASA). 1IBM System/360 Model 44 computer
programming to complete the Montana segment of the Interim Inte-
grated Signal Processing System (IISPS) and system testing are
discussed. Array work described includes installation of attenu-
ated short-period and long-period seismic signal channels and
completion of the Large Aperture Microbarograph Array (LAWMA). A
report on the experiment: which utilized the LASA for early warn-
ing of the occurrence of potentially destructive earthquakes
concludes that the reaction time for reporting large event param-
eters is on the order of one-half hour and that currently em-
ployed LASA data analysis techniques are adequate. A report on
0il well drilling noise confirms preliminary conclusions which
state that no effect on LASA data analysis irom analog sum sig-
nals is evident unless drilling occurs within about two miles of
the center hole sensor. Measured short-period seismic channel
phase shift statistics are reported. Also provided are statis-
tics on the seismic events reported in the Seismo Bulletin, main-
tenance of the equipment, and general operation of the Data
Center.
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SECTION I

INTRODUCTION

The work reported herein was performed under the
"Large Aperture Seismic Array" Contract Number F19628-68-C-0401.
The purpose of this contract is to:

a. Complete and operate the Montana segment of the
Interim Integrated Signal Processing System (IISPS),

b. Participate in the development of new techniques
for detection, location and identification of seismic events. |

c. Reconfigure the LASA, as required, for improved
performance.

d. DPerform various experiments of interest associ-
ated with the LASA equipment and/or signal processing.

e. Operate and maintain the LASA 24 hours per day,
seven days per week,

The previcus report under this contract (reference 1)
described the Montana LASA participation in the IISPS. This
effort, still in the testing phase, was cortinued this quarter.
Programming was the principal work and is reported in Section II.

Attenuated seismic signals were made available from
short-period (array) and long-period (subarray C2) seismometers
to increase the range of earth motion measured by the LASA.
Also, the l.arge Aperture Microbarograph Array (LAMA) was com- '
pleted. A description of this array work is found in Section
II1I.

The experiment involving utilization of the LASA for
early warning of the occurrence of potentially destructive earth-
quakes was completed. It is concluded that the reaction time for
reporting large event parameters is on the order of one-half
hcur and that currently employed ILASA data analysis techniques
are adequate for this purpose. A concluding report on the effect
which oil well drilling noise has on the LASA data analysis
effort, which utilizes the analog sum signal, reveals that such
noise is of concern only if the well is being drilled within
about two miles of the subarray center hole. These experiments
are reported in Section II together with other miscellaneous
projects,

The continuing effort to produce a daily Seismo Bul-
letin has brought forth statistics which are reported in Section
ITTI while the maintenance and operation effort are Jdiscussed in
Sections IV and V, respectively.




SECTION I1

DEVELOPMENT AND IMPROVEMENT OF LASA

The priority and concentration of work effort this
quarter favored the IISPS as it did last quarter. However, the
work was limited to programming and system testing as described
in paragraph 2.1 since no further engineering work was necessary.
Long and short-period attenuated seismic signal channels were
incorporated so as to extend the dyaamic range of the LASA and
final work on the Large Aperture Microbarograph Array included
installation of wind-noise reducing pipe arrays. This array work
is described in paragraph 2.2. Other activity reported includes
completion of the large event alert experiment (2.3.1), results
from analyzing the effect which oil well drilling activity has on
the LASA analysis of data (2.3.2), statistics regarding the phase
response of LASA short-period seismic channels (2.3.3), and im-
plementation of a special microbarograph data recording system
(2.3.4).

2.1 IISPS

The principal work on the Montana LASA segment of the
Interim Integrated Signal Processing System (IISPS) this quarter
was associated with the LASA Processing Subsystem (LASAPS). The
fur.ction of IISP3 was presented in reference 1 and the facility
still exists as described there. No engineering work was re-
quired this guarter and the system is not yet operational.

2.1.1 LASAPS

Coding and integration of the programs for the LASA
Processing Subsystem (LASAPS) as specified in rz2ference 4 were
completed this quarter. However, continued program development
and testing will result in refinements and modifications to these
programs. The major effort this quarter was Testing (2.1.1.1),
but significant programming effort was associated with the WAPS
Control of LASAPS High Rate Tapes (2.1.1.2) and the LASAPS Backup
System (2.1.2).

2 i Lyorlya 1 Testing

The installation of the communication circuit to the
Seismic Array Analysis Center (SAAC) was completed on 5 August
1968. The first acceptance test was to transmit 618 bytes of
test pattern data to SAAC at a 10 Hz rate under control of the
IBM 360 Model 44 Programming System (44PS) Supervisor. That and
subsequent tests through 9 August were unsuccessful due to com-
munication circuit problems resulting in an inability to achieve
synchronization. The first successful test data transmission to
SAAC under 44PS Supervisor control was on 9 August. Testing
under 44PS Supervisor control was continued through 12 August to



check out the interface at Billings and SAAC. On 13 August test
data was successfully transmitted to SAAC under control of the
IBM Data Acquisition Multi-Programming System (DAMPS) Supervisor,
which is utiiized by LASAPS (see paragraph 2.1.3, reference 1).
The final acceptance test of the communication circuit was com-
pleted ~n 14 August. The test consisted of transmitting test
data to SAAC under DAMPS Supervisor control in the format speci-
fied in reference 4.

Subsequent testing established the operating charac-
teristics of the communication circuit, tested LASAPS ability to
record and transmit array data, and tested LASAPS ability to
operate over extended periods of time. Some initial LASAPS sub-
system tests were performed. However, formal LASAPS subsystem
testing is scheduled during November 1968,

2.1.1.2 WAPS Control of LASAPS High Rate Tapes

Washington Processing Subsystem (WAPS) control of the
LASAPS high rate tapes was implemented to minimize manual inter-
vention during high rate recording. The initial LASAPS system
required that all high rate tapes be saved six days before being
released for reuse. Under WAPS control a LASAPS high rate tape
is saved only if WAPS does not get a satisfactory recording for
the same time period, thus minimizing tape handling and manage-
ment.

WAPS control consists of communication between LASAPS
and WAPS pertaining to the status of the LASAPS high rate tapes.
Upon completion of a LASAPS high rate recording, the tape is re-
wound and the start-stop time and serial number are sent by pro-
gram control to WAPS. WAPS responds instructing LASAPS to save
or recycle the tape. The response appears on the LASAPS 1052
printer informing the operator as to the status of the tape. The
LASAPS subsystem tape control programs will unload the tape if it
is to be saved or ready it for reuse through recycling. Thus,
under normal operating conditions the only manual intervention is
to replace tapes which are unloaded to be saved. If a tape is
required before WAPS has responded, the tape with the earliest
stop time is unloaded and the LASAPS operator and WAPS are in-
fcrmed that the tape is to be saved. Vhen this condition occurs,
no additional response is required from WAPS, other than the nor-
mal save or recycle message.

The logical flow of LASAPS high rate tape control is
shown in Figure 2.1. For LASAPS high rate tape control with
respect to LASAPS data flow see Figure 2.14, reference 1. The
LASAPS high rate tape programs which are involved in WAPS control
appear in Table I. The program designation scheme is described
in paragraph 2.1.3.1 of reference 1.
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Figure 2.1 LASAPS High rate tape control.



TABLE 1

LASAPS TAPE PROGRAMS INVOLVED IN WAPS TAPE CONTROL

SMTP@2

SMTP@3

SMTP@4

SMTP1¢g

SMTP12

Receives control upon completion of a high rate
data block write, senses end-of-reel upon comple-
tion of a high rate tape, and initiates trailer
label processing.

Completes the trailer label processing initiated
by SMTP@2 and puts the tape at load point.

Receives control upon completion of trailer label
processing, assigns the tape to WAPS, and sends
WAPS the tape serial number and start-stop time.

Processes tape control messages received from
WAPS and unioads or recycles tapes as instructed
by WAPS.

Selects tapes for high rate recording and de-
selects tapes assigned to WAPS if none are ready.
Informs the LASAPS operator and WAPS of any de-
selections.




2.1.2 LASAPS Backup System

The function of the LASAPS Backup System is to record
high rate data with the PDP-7 computer during periods when the
LASAPS equipment is unavailable for on-line cperation. The re-
quirements for the LASAPS Backup System are specified in refer-
ence 4. For a detailed description on the backup system high
rate tape format see Appendix A.

The backup system program was written and checked out
this quarter. It is in conformity with the original LASA high
rate tape except in the subarray and seismometer status fields
whichk are maintained by the backup system as a function of high
rate recording. Upon initial backup system loading, the subarray
and seismometer status are read in by punched cards which re-
flect the LASAPS status prior to becoming unavailable. Status
changes in real time ave determined ty nunched cards and tele-
printer input. The status which can be specified for a single
subarray is (1) all short-period data invalid, (2) all long-
period data invalid, (3) all data invalid, or (4) none of the
preceding conditions. The status which can be srecified for a
single seismometer 1is (1) instrument out of order or (2) instru-
ment operating correctly. The subarray and seismometer status
are reflected in a trailer field which is appended to the first
record of each high rate tape ard to any record covering a period
in which a status change occurred.

2.2 Array

22 d Attenuated Short-Period Seismic Signal Channel

An attenuated short-period seismic signal channel has
been added to all subarrays except E3 to reduce the effects of
equipment saturation during large earth motion events and to ex-
tend the magnitude range for seismic signal analysis. This
attenuated signal is not derived at E3 because there are no SEM
channels to carry the signal. It is derived at D2 from sensor 26
and at all other subarrays from sensor 10. The inconsistency at
D2 is caused by the presence of the short-period triaxial seis-
mometer installed at sensor 10. This is not to say that the sig-
nals from the triaxial vertical component are not consistent with
those from the HS-10-1/A seismometers installed elsewhere in the
LASA, but the signal handling equipment for the three components
has physirally filled the WHV and, thus, there is no longer any
room to install another RA-5 amplifier for an attenuated signal.
In all cases the attenuated signal appears on SEM channel 22.

The attenuated signal differs by 30 dB from the un-
sttenuated one. The standard LASA short-period channel exhibits
saturatior for ground motion in excess of 700 nm at 1 Hz, whereas
the attenuated channel will saturate above a nominal 22,100 nm
signal at 1 Hz. The maximum range of the seismometer is approxi-
mately 12.5 mm.



To implement this attenuated signal, new type Dual-
Channel WHV panels were utilized as shown in Figure 2.2. They
were prepared from standard panels (Figure 2.3) obtained during
the retrofitting operation at B1l, F3, and E3 when improved panels
were installed. These new panels provide dual signal outputs as
shown in Figure 2.4. A resistive network provides the nominal
30 dB attenuation.

The ratio of the two output signals is not expected
to remain at the 30 dB value established during installation be-
cause of system gain variations. Inasmuch as two separate RA-5
amplitfiers are utilizzd and since practically all gain variations
arise within the amplifiers (due to temperature instability), it
is necessary to utilize the amplifier telemetry calibration facil-
ity incorporated in this panel in order to determine precisely
the ratio. The calibration signals for this purpose are the stan-
dard LASA 1 Hz sine wave and pseudo-random sequence generated
signals.

Redesign of the seismometer data coil termination net-
work was necessary to maintain damping to the 60% to 80% of criti-
cal limits. The loading effect of the attenuator was thus taken
into account and virtually no compromise of the low common-mode
noise voltage was evident because of the impedance increase ai the
input to the unattenuated signal amplifier.

Radio frequency filtering at the input, output, and
power terminals of each amplifier was necessary to reduce inter-
action between the pump frequencies of the RA-5 parametric ampli-
fiers. Similar filters were previously installed with the tri-
axial seismometer for which there are three such amplifiers
operating.

A capability for quickly disconnecting the amplifiers
from the panel was added for the field repair activity and to re-
duce the number of panels required for spares. Instead of re-
moving the entire WHV panel whenever amplifier failures cccur (the
usual case in sz=nsor repair) the amplifier alone can now be
readily removed and replaced. Aliso, the attenuator was designed
as a plug-in uvnit as an aid for field calibration and adjustment.
This featu:ie facilitates experimentation with different values of
attenuation from the same seismometer.

2.2.2 Attenuated Long-Period Seismic Signal Channel, C2

Subarray C2 long-period seismic signal channels - LASA
SEM channels 26, 27 and 28 - were modified to provide attenuated
signal outputs for use during analysis of large magnitude events
which previously saturated the standard long-period channels. The
signal outputs from the vertical, N-S horizontal, and E-W hori-
zontal components were attenuated 30 dB below the standard LP sig-
nal outputs. The standard LASA LP channel saturates from ground
motion in excess of 40 ym at 0.04 Hz (350 mV/ym). The attenuated




Figure 2.2 Dual-Channel WHY panel.

Standard LASA WHV panel.
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channels were designed to saturate for ground motion in excess
of 1265 ym at 0.04 Hz (11 mV/ym).

Factors considered in the design of the attenuated
channel include the following system limitations: (1) the re-
quired attenuation of 30 dB should not precede the ampliifier in-
put because the signal-to-amplifier noise ratio would be too low
making the channel ineffective except for extremely large magni-
tude events, (2) the amplifier, Texas Instruments Type II, input
circuitry limits the input signal level to 30 mVp-p, and (3) any
attenuator used must present a very high impedance to the data
coil to p.event affecting the seismometer damping.

The required 30 dB attenuation was obtained by add-
ing a 14 dB attenuator at the input to the amplifier and by de-
creasing the amplifier gain by 16 dB, as shown in Figure 2.5.
In order to accomplish the amplifier gain change, it was neces-
sary to replace the high-gain line drivers with low-gain line
drivers. The output for the required channel sensitivity of
11 mV/ym at 0.04 Hz was determined from the following:

A . Gc i T°S
dn= M
where, = channel output, mVp-p
G. = seismometer generator constant, N/A

calibration current, pyA

period of the calibration current, sec.
channel sensitivity, mV/ym

= seismometer moving mass, Kg

=203 e e
]

The parameter values are: 1i = 5000 pA; T = 25 sec.;
S = 11 mV/ym; M = 10 Kg. The generator constants for these
three seismometers vary somewhat from the nominal value of
0.0326 N/A. The values measured at installation - 0.0314,
0.0323, and 0.0308 N/A - were used for the vertical, N-S horizon-
tal, and E-W horizontal components, respectively.

2023 Large Aperture Microbarog:aph Array (LAMA)

The Large Aperture Microbarograph Array (LAMA) is
now complete and complements the Montana LASA. As shown in
Figure 2.6, it is comprised of LTV-6 and ESSA microbarograph
equipment. All equipment and pipe array installations, except
the LTV-6 microbarograph equipment, were made this quarter. The
Envircnmental Science Services Administration (ESSA) microbaro-
graph equipment and wind-noise attenuators have been installed
at 13 subarrays - A0, Bl1l, B2, B3, B4, Cl, C2, C3, C4, D1, D2,
D3, and D4 - and wind-noise attenuators were added to the LTV-6
microbarographs at 8 subarrays - AO, El1, E2, E4, Fl1, F2, F3, and
F4. Figure 2.7 is a map of the LAMA sensor locations. Each
microbarograph sensor consists of a wind-noise attenuator (pipe

11
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array) and a microbarograph assembly which interfaces with the
LASA SEM to insert this data into the LASA data stream.

The LTV-6 microbarograph equipment installation
(Figures 2.8 and 2.9) was previously reported (reference 3). A
simplified block diagram of the equipment preceding the SEM Digi-
tal Equipment is shown in Figure 2.10. The wind-noise attenuator
reduces the pressure disturbances caused by local wind activity
and supplies the microbarometric pressure fluctuations (signals)
to the LTV-6 acoustical network and transducer. The transducer
operates on a capacitor microphone principle whereby the de-
flected diaphragm results in a capacitance bridge circuit un-
balance. The unbalanced bridge signal is demodulated and ampli-
fied to provide a balanced signal output to the LASA SEM. The
SEM terminates the balanced output signal in 10,000 ohms, con-
verts the balanced signal to an unbalanced signal, and provides
a presampling low-pass filter for the reduction of signal
aliasing.

Calibration of the LTV-6 microbarograph consists of
adjusting the gain to the proper value. It is set by utilizing
the acoustical step calibrator shown in Figures 2.11 and 2.12.
This calibrator consists of a reference volume and syringe con-
tained within an insulated box. A known volume change, intro-
duced into the acoustical system by the syringe, produces a
pressure change which results in an output from the microbaro-
graph system. The amount of pressure change is computed to a
first approximation from Ap = - P, Av, where Ap is the pressure

VO

change in millibars, P, is the atmospheric pressure in millibars,
Av _is the volume change 1in cm3, and V, is the total volume in
cm3. The calibrator is considered to operate isothermally and
small second-order effects arc ignored. The atmospheric pres-
sure, P,, is measured before each calibration by an accurate
CENCO barometer. The total volume, V., is the volume of the
calibrator and the input volume of the LTV-6. The gain is ad-
justed to the desired system sensitivity.

The LTV-6 microbarographs, which operate into SEM
channel 14, were adjusted for a sensitivity of 46.7 mV/j,bar.
This sensitivity provides a full-scale system range of 250 pybars
p-p. The frequency response is determined by the acoustical
network (lcw end) and the presampling filter (high end) and is
designated Microbarograph System Frequency Response A (Figure
2.13). The code used in reporting this system response is A250,
where A designates the frequency response and 250 the peak-to-
peak range in pbars.,

It was necessary to install a different presampling
lovw-pass filter, for the reduction of signal aliasing, due to
the recording rate used for microbarograph data recording (see
paragraph 2.3.4). The presampling filter for the standard SEM
channel has a high-frequency cutoff of 5 Hz. SEM channel 14 was

15



Figure 2.9 LTV-6 CTH installation.
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modified (Figure 2.14) to utilize an available 3-pole Chebyshev
filter which provides a response essentially flat from dc to 0.2
Hz.

Wind-noise attenuators similar to the Daniels linear
pipe (reference 2), also referred to as iine microphones, were
installed at the eight subarrays containing L{V-6 microbarographs.
These pipe arrays are designed to improve the acoustic signal-to-
noise ratio by attenuating wind generated interfering signals.
(The evaluation of this device is discussed in an engineering re-
port soon to be issued.) The pipe array is designed for instsal-
lation within the subarray fenced-in central area which is approx-
imately 150 feet square. It is composed of 580 feet of galvanized
pipe and numerous fittings. The dimensions are shown in Figure
2.15. All eight subarrays hav: the same length of pipe installed;
however, the dimensions of one subarray central area, F3, differs
substantially from the others. The array is constructed of two
290-ft. asymmetrical line microphones joined together with a tee
(Figure 2.16). Each 290-ft. section contains 130 feet of 2-inch,
50 feet of 1%-inch, 40 feet of li-inch, 30 feet of 1l-inch, 20 feet
of 3/4-inch, and 20 feet of 1/2-inch pipe. The tee junction is
connected to the CTH acoustical inlet (Figure 2.17) by buried
semi-rigid plastic tubing. The array is folded by the use of pipe
elbows and is installed within the subarray central area fence
(Figure 2.18). The pipe passes through an eight-inch culvert at
the gate opening to permit vehicle travel within the central area.
The acoustical orifices are made from 1/8-inch brass pipe plugs
drilled to provide an acoustical impedance of 60 ohms. The pipe
is drilled and tapped every 10 feet to accept the plugs and a
1/2-inch length of Tygon tubing is placed over the plug end to
prevent water drop accumulation (Figure 2.19). A total of 58
orifices are used in the pipe array. The pipe is installed on
2 X 4-inch blocks with tlhe orifices on the underside of the pipe.
The orifices at the ends of the pipe are installed in elbows.

An LTV-6 microbarograph with an extended low fre-
quency response was installed at subarray AO. The low frequency
response has been extended to 0.001 Hz. To achieve this response,
the leak tube between the input volume and the reference volume
was lengthened. An interior view of the LTV-6 with the 0.01-inch
ID leak tube is seen in Figure 2.20. The original 0.816-inch
length was increased to 12 inches. The low frequency response
was measured by applying a step function pressure change and ana-
lyzing the leak rate. The resulting response, designated Micro-
barograph System Frequency Response B, is shown in Figure 2.21,
The anplifier was also modified so the sensitivity could be ad-
Justed to 7 mV/pbar. This sensitivity provides a full-scale
system range of 1667 ubars p-p. The modified LTV-6 was connected
to LASA SEM channel 7 at subarray AO. The response code (ex-
plained above) for this channel is B1667.

The ESSA microbarograph equipment was supplied by the
ESSA Geoacoustics Group, Washington, D.C. A simplified block

20
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Figure 2.17 CTH acoustical inlet.
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diagram of this microbarograph system 1is shown in Figure 2.22.
The wind-noise attenuator operates as previously mentioned. The
transducer operates on the capacitor microphone principle whereby
the pressure fluctuations deflect the diaphragm which results 1in
a capacitance change in the frequency-determining circuit of an
oscillator. This produ-es a frequency-modulated (FM) signal
whose deviation is a measure of the pressure deflecting the dia-
phragm. The FM signal is converted by the discriminator to a
balanced dc voltage for input to the SEM. The SEM converts the
balanced signal to an unbalanced signal, provides a presampling
filter with a 5 Hz cutoff frequency, and eliminates any residual
carrier frequency from the signal.

The ESSA microbarograph can is shown in Figure 2.23.
This galvanized metal can (diameter 101 inches, height 28 inches)
houses the back-up volume, the transducer, and the oscillator.
The back-up volume, a one-gallon bottle filled with vermiculite,
1s mounted with insulation completely surrounding it. The trans-
ducer is mounted on a tube attached to the back-up volume and 1is
connected by Tygon tubing to the acoustic input of the can. The
oscillator is mounted on top of the transducer as shown in Figure
2.24. The power and signal cable connects from the oscillator to
the power supply. It runs through a weatherprooil feed-through in
the can and is buried a few inches into the ground between the
can and the CTH auxiliary input (Figure 2.17). The transducer
can is buried at the center of the subarray central area (Figure
2.25) and is covered by a galvanized metal cone painted white for
protection of the can irom the sun and rain. The discriminator
is mounted on the combination power supply and distribution cir-
cuit chassis (Figure 2.26) and installed within the CTH.

Calibratior. of the ESSA microbarograph consists of
determining the sensitiviiy of the system. There is no gain
adjustment and the ser vity varies from system to system de-
pending upon the characteristic differences in the acoustic net-
works, diaphragms, and discriminators. The frequency response
is fixed by the acoustical network and the discriminator and 1is
designated Microbarograph System Frequency Respcnse C (Figure
2.27). The sensitivity is determined by using the portable cali-
brator (Figure 2.28) provided by ESSA. This calibrator consists
of a dc motor driven bellows to produce a sinuscidal pressure
signal. The calibrator is connected between the calibration
reference volume (the insulated volume around the one-gallon
back-up volume bottle) and the transducer as shown in Figure
2.29. The bellows calibrator produces a nominal 9 pybar p-p
acoustic signal at sea level with an accuracy of approximately
+5%. A correction is applied for the altitude of the microbaro-
graph location. The sensitivity 1is computed from the voltage
output (p-p) caused by the pressvre change. The ESSA microbaro-
graphs, which operate into SEM channel 18, have a nominal full-
scale range of 125 pbars p-p. The response code for these chan-
nels is C125.
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Figure 2.23 ESSA transducer can.

Figure 2.24 ESSA oscillator mounted in can.
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Figure 2.25 ESSA transducer can installation.

Figure 2.26 ESSA power supply and discriminator
installation.
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Figure 2.28 ESSA portable calibrator.
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Wind-noise attenuators (pipe arrays), designed by the
ESSA Geoacoustics Group, were assembled at the thirteen subarrays
previously indicated. Although different in design from the wind
attenitaitors connected to the LIV-6 microbarographs, they also
were designed to improve the acoustic signal-to-noise ratio by
attenuc ting wind-generated interfering signals. The pipe array
is designed for installation within the subarray fenced-in cen-
tral area and is essentially non-directional at the infrasonic
wave-lengths of interest. The dimensions of the pipe array, com-
posed of 860 feet of galvanized pipe and numerous fittings, are
shown in Figure 2.30. The array is configvred with four symmet-
rical "T" sections connected to a cross junction (Figure 2.31)
which is connected by a section of garden hose to the transducer
can nearby. The array is constructed from 5-ft. pipe sections
joined together with i1ee fittings. The "T" sections, construgted
using the tee fitting shown in Figure 2.32, contain 40 feet of
l-ipch and 35 feet of 3/4-inch pipe in each center arm and 25
feet of 1/2-inch, 15 feet of 3/8-inch, and 30 feet of 1/4-inch
p1pe in each half "T'" section. The pipe passes through 8-inch
culberts (Figure 2.33) where vehicle travel is necessary. The
acoustlcal orifices (Figure 2.34) are made from 1/8-inch brass
nlpple type pipe plugs drilled to provide a matching-.-acoustical
impedance. The plugs are installed in the tee fittings every
five feet in the pipe array for a total of 173 orifices. Each
orifice is protected by a 6-inch shaped length of Tygon tubing
slipped over the plug.

2.3E Miscellaneous Effort

2,3;1 Large Event Alert Experiment Operation

The large event alert experiment (paragraph 2.3.1
of reference 1) has been concluded. The following discussion
(2.3.1.1) and conclusions (2.3.1.2) are based on statistics
gathered since the experiment began on 11 June 1968,

2.3.1.1 Discussion

As previously reported, the Large event threshold
was placed in service on 11 June 1968. This threshold, 62 nm of
earth motion, was slightly less than the 100 nm expected for a
fully operational system. Thirty-eight events (Figure 2.35 and
Table 11) exceeded this threshold between 11 June 1968 and
23 August 1968, at which time the threshold was raised to 85 nm.

" Dre- Nae. C e

Reporting of large events was to be made only for
those events detected during the LASA Analysts' normal working
hours which overlapped with Eastern Daylight Time working hours.
Three such events occurred during the experiment. They are:

1., Event 27, Arrival time 14 12 50.4 GMT on
2 August 1968 from QOaxaca, Mexico. This event
saturated the normal LASA system. A report was
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phoned to the USC&GS, Lincoln Laboratory, and Dr.
DeNoyer, USGS, within 45 minutes of event arrival.

2. Event 29. Arrival time 16 29 31.3 GMT on
5 August 1968 from Shikoku, Japan. This event
registered 232 nm O-to-peak, 6.1 Mp, and was re-
ported by telephone to the USC&GS, Lincoln Lab-
oratory, and Dr. DeNoyer, USGS, within 25 minutes
of arrival.

3. Event 45. Arrival time 14 50 27.7 GMT on
26 September 1968 from the Fiji Islands Region.
This event registered 201 nm O-to-peak, 6.1 Mp,
and was reported by telephone to the USC&GS,
Lincoln Laboratory, and Dr. DeNoyer, USGS, within
25 minutes of event arrival.

As seen by the entries in Table I1, other large events
occurred during hours not suitable for reporting. These events
were analyzed according to the established procedure but were not
specially reported. The data is available early if users so de-
sire, but it is now reported only through the Seismo Bulletin.

One criteria for reporting an event as an alert event
is that it must exceed 6.0 Mp. Inspection of Table III shows that
for an 85 nm earth motion the magnitude of most events reported
will be less than 6.0 Mp. Thus, there will be a large false alarm
rate. In fact, inspection of Table VI, reference 1, for 100 nm
earth motion shows a similar situation but the possibility, of
missing some distant events also exists. Thus, the trade off be-
tween the number of false alarms and missed events leads to
adopting the 85 nm threshold. Of course, with completely auto-
matic processing of event data such considerations become trivial
and only relevant event data would be reported. Unfortunately,
with the present LASA processing scheme, the luxury of completely
automatic processing is not available.

It is recognized that disastrous events are not
limited to the somewhat arbitrary threshold of 6.0 Mp. In fact,
the Iranian event of 31 August 1968 killed and injured thousands
and caused extensive property damage but only registered 40 nm
O-to-peak at LASA, a 5.5 Mp. The event on 24 September 1968 from
Turkey killed several persons, but it was only 13 nm O-to-peak, a
5.3 Mp. It is not advisable to lower the alert threshold to the
level of these examples due to the high false alarm rate expect~d.

During the period of the experiment, events 27 and 43
saturated the normal LASA system (earth motion in excess of about
368 nm O-to-peak). Event 43 occurred after the short-period sig-
nal attenuation modification was completed (paragraph 2.2.1);
thus, its amplitude and magnitude were obtained. Such attenuated
signals are necessary for complete reporting of large events.
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Duie to the small number of alert events, the analyst
time spent on the events is negligible compared with that spent
on all everits detected by the LASA. Less than one-half hour is
required to compute the epicenter parameters to report.,

2.3.1.2 Conclusions and Recommendations

The purpose of the experiment was to determine the
extent to which the LASA can participate in early notification of
potentially destructive events. Although this conclusion should
not and cannot be derived solely from the effort expended at LASA
certain other conclusions and recommendations can be made. These
are:

l. A large event alert reporting system is feasible
35ing the existing LASA on-line and off-1line
processing systems.

2. The 85 nm threshold is recommended to enable dis-
tant events of approximately 6.0 Mp to be de-
tected and reported and to keep the false alarm
rate low. The false alarms caused by large near
events, glitches, and calibrations are not par-
ticularly distracting.

3. The attenuated short-period array is needed for
magnitude computations of events that saturate
the normal system.

4. If immediate reporting is secondary to complete
analysis, the long-period attenuated subarray C2
signals can be used for Mg magnitude reporting
(see paragraph 2.2.2).

5. The alert system can te readily implemented on a
24-hour basis if the users of this data find it
necessary.

2432 Well Drilling Noise Effect on LASA Data Analysis

An opportunity to observe the effect which noise from
0il well drilling activity has on LASA seismic data anzalysis was
afforded because of well drilling in the vicinity of site D2
during May and June, 1968. This concluding report contains the
results of power spectral density computations on individual sen-
sor data obtained during the drilling activity and supplements
those results reported earlier (paragraph 2.3.2 of reference 1)
which were obtained from an absolute value averaging technique on
the analog sum data.

The following describes the Noise Data Set (2.3.2.1),
discusses the Analysis of Noise Data (2.3.2.2), and presents the
final conclusions (2.3.2.3).
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2a3:2: 1 Noise Data Set

Not all available o0il well activity noise samples
were selected for power spectrai density computation, but those
associated with drilling of Well #2 (see Table VIII, reference
1). This well is referred to as North Central 0Oil #3, N. P.
Snyder, located NE, NE, Section 31, Township 9N, Range 46E. It
was drilled to a2 depth of 5170 feet, plugged, and abandoned.

Signals from sensors 53, 73, 75, 82, and 84 of site
D2 were subjected to power spectral density computation. Figure
2.36 shows the geographical location of these sensors with
respect to the well being drilled. Computation was performed on
signals prior to well drilling (noise sample 1 of reference 1)
and during drilling at a depth of 3800 feet (noise sample 4 of
reference 1).

2.3.2.2 Analysis of Noise Data

Figures 2.37 and 2.41 show superimposed power spec-
tral density plots, uncorrected for instrument response, made
from 5-minute data samples of before drilling and during drilling
activity for the five D2 sensors noted above. The 0.2 to 0.4 Hz
teleseismic noise in each figure appears normal subject to
diurnal and seasonal variations. 1In fact there is great simi-
larity between curves of each figure throughout the frequency
band to approximately 2 Hz. Above 2 Hz, the power increases con-
siderably for sensors 53 (Figure 2.37) and 73 (Figure 2.38)
during drilling and substantially exceeds the teleseismic noise
level. The plots for the other sensors, which are much further
from the drilling activity, do not show this increase. The
greatest drilling power appears at about 4.2 Hz, but the origin of
this noise is at the moment unknown. Figure 2.42 shows the power
density variation for each sensor at this frequency. It is evi-
dent that the power decreases with distance from the well.

The effect which this noise has on LASA data analysis
based on the analog sum signal was discussed in reference 1 in
which it was concluded that no deterioration of detection oc-
curred. It is useful now to consider its effect on analysis of
individual sensor data. Within the context of ILASA off-line pro-
cessing, whereby the data is filtered prior to analysis, it is
apparent that the drilling noise lies within a frequency band
appreciably abcve that of seismic¢ interest. Thus, filtered time
history plots should restore the appearance of the data to that
which would exist without drilling activity. Three signals, each
filtered ard unfiltered, obtained during drilling activity are
shown in Figure 2.43. The filter amplitude characteristic is
shown in Figure 2.44. This is the filter used in the LASA off-
line signal analysis routines. 1t is seen that some drilling
noise remains from sensor 73 but is of low freguency.



~3.0 miles

75

84

Figure 2.36 Site D2 sensor locations with respect
to Well #2.
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2]
il I}H

Sensor 75, Filtered

Figure 2.43 Effect of Butterwortn Filter on drilling noise
at D2 sensors 73, 82 and 75.
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2n3 . 293 Conclusions

The foregoing and previous analysis of well!l .urilling
noise and its effect on the LASA data analysis leads to the fol-
lowing conclusions:

1. 1In order to adversely affect the analog sum sig-
nal which is used in the LASA on-line event de-
tector, drilling activity must occur within about
two miles of the subarray center hole. Even then,
it is quite possible that the on-line filter will
remove interfering signals such that the event
detector will not trigger. 1In this respect there
is no evidence that drilling noise is more severe
than that due to weather.

2. 1In order to adversely affect an individual sensor
signal subject to filtering in the LASA off-1line
system, drilling activity must occur within about
one mile of the sensor.

3. Noise from surface movement of equipment contrib-
utes more to the analog sum signal than does
that due to drilling. Inasmuch as the frequency
components are lower there is a distant possi-
bility that the event detector for a given sub-
array will trigger. However, the event false
alarm rate is not expected to increase since the
radius of interference is much too smuail to re-
sult in triggering of detectors operating on
other subarrays.

2.3.3 Short-Period Seismic Signal Channel Phase Measurement

The primary objective of this experiment was to ob-~-
tain quantitative data on the LASA short-period seismic signal
channel phase shift (delay). A secondary objective was to in-
vestigate a means of measuring the phase shift which would be
suitable for use in an automatic array maintenance and monitoring
system, such as was previously operating within the LASA
(references 2 and 3).

The signal channel phase shift is one contribution to
station corrections and, thus, is directly related to the accu-
racy of epicenter determination. Station corrections developed
over a period of time for fixed equipment configurations permit
consistent epicenter computation. However, hardware maintenance
and modification activity can substantially alter a signal chan-
nel response so that, with time, a given set of station cor-
rections may be invalidated. It is thus necessary to measure
signal channel phase shift limits in order to assess their impor-
tance to seismic signal processing.
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One set of data utilized in this experiment was ob-
tained from 384 short-period seismic signal channels. A short-
period seismic signal channel is composed of the units shown in
Figure 2.45. The second data set was obtained from each analog
unit within most short-period channels from subarrays Bl, E3, and
F3.

The following includes a description of the Test Pro-
cedure (2.3.3.1), Discussion of Results (2.3.3.2), and Conclusions
(2.3.3.3).

2.3.3.1 Test Procedure

There are two calibration signals available in the
LASA from which short-period seismic signal phase information can
be obtaired. These are the pseudo-random sequence and the 1 Hz
Sine wave.

The pseudo-random sequence is used with a Fourier
transform algorithm to produce a broadband magnitude and phase
response. This method requires much data collection time and is
unattractive for application to all channels of the array.
However, it was applied at least once to the entire array but was
not used for this experiment.

One technique used during this experiment paired the
1 Hz calibration signal with a cross-correlation algorithm using
an apbreviated data base. The procedure is to apply the signal
simultaneously to each sensor in a subarray. After allowing the
initial transient to subside, data is taken for 10 seconds. Ccr-
responding data points from all cycles for a given channel are
averaged to reduce the effect of seismic noise and formed into
single column matrices of 20 rows (corresponding to the 20 Hz
sampling rate). The data from each seismic channel is then cross-
correlated with the reference channel data to yield time delays
from which the phase can be determined. Departure from the nor-
mal cross-correlation algorithm, applied to the truncated data,
occurs by indexing so as to wrap around the data matrix to utilize
all twenty data samples. The succe€ss of this method requires a
sampling frequency integrally related to the frequency of the sine
wave test signal. However, its fast execution time (real-time)
on high signal-to-noise ratio data is a distinct advantage.

Finally, a standard cross-correlation algorithm is
available which is applied to the 1 Hz signal appearing on the
reference channel and each signal channel to yield timc delays
from which the phase can be computed.

2.3.3.2 Discussion

Figures 2.46 and 2.47 show the 1 Hz phase shift dis-
tributions for 384 signal channels and for 20 center hole chan-
nels, respectively. The abscissa of Figure 2.46 has two scales,
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one is the absolute phase shift relative to the reference oscil-
lator while the other is normalized to the average sensor group
phase shift. The rauge between the 90 percentile levels is

23.5° (0.0652 seconds) for the set of 384 sensors and 18.0° (0.05
seconds) for the center hole sensors. This phase shift computa-
tion was made by the abbreviated cross-correlation technique,

The phase shift measured at 1 %z for the RA-5 Amplifier and Input
Amplifier Units appears in Taole IV. These computations were made
by the standard cross-correlation method. These data show that
the phase shift at 1 Hz for these units is relatively constant and
any variations in the channel delay can be attributed to the seis-
mometer characteristics. Figure 2.48 shows the seismometer phase
shift distribution at 1 Hz for units at Bl, E3, and F3. These
distributions are similar to those obtained for the cumulative
channel phase shift (Figures 2.46 and 2.47). The natural fre-
quency of the sensor was determined from the measured phase shift
by using Figure 2.49 which is a plot of the seismometer phase
angle versus natural frequency for different damping values,

A field test was performed to determine the usefulness
of the phase measurcment technique for determining the seismometer
characteristic. The test concerned the following:

l. Accuracy in using phase measurement for deter-
mining sensor natural frequency.

2. Effect of seismometer orientation on natural
frequency.

3. Effect of RA-5 detector voltage level on channel
phase response.

From the results of the seismometer phase measurement
it was determined that sensor Bl1-42 had a 1 Hz phase shift of
-51.8°, Usiug Figure 2.49 the natural frequency of this sensor
should be between “.5 and 1.8 Hz. The sensor was removed and the
natural frequency wss found to be 1.43 Hz. The replacement sensor
had a natural frequency of 1.035 Hz and when installed its 1 Hz
phase was -86.5°, which gives a natural frequency between 1.03 and
1.05 Hz according to Figure 2.49. Thus, the natural frequency ob-
tained in this manner appears low but since only two samples were
tested, it is suggested that furthey effort precede any conclusion
from this test.

The second part of the test involved measuring the
change in phase shift due to tilt by rotating original sensor
Bl-42 in the hole of three additional orientations, not accurately
determined. The maximum change in 1 Hz phase angle was 1.9°, or
approximately .05 Hz, which was about 3.5% of the 1.43 Hz natural
frequency.

The last part of the test consisted of setting the

detector voltage of the RA-5 amplifier unit at high speed and low
levels and measuring the phase shifts., There was no difference
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TABLE IV

1 Hz PHASE SHIFT OF INPUT -AND RA-5 AMPLIFIER UNITS

Input RA-5
S e No. Ave. +0 No. Ave. +0
han.} ms deg ms deg|Chan.] ms deg ms deg

Bl 18 -88.5 -31.9| 1.7 0.6]| 16 24.2 8.713.6 1.3
E3 25 -92.1 -33.2]13.0 1.1] 14 29.8 10.7]1 4.5 1.6
F3 15 -87.0 -=31.3] 2.5 0.9} 23 22.4 8.1] 1.6 0.6
Ave. of

above -89.7 -32.3| 3.4 1.2 26.1 9.414.9 1.7
Range, -79.5 to -99.9 ms 40.8 to 11.4 ms

(x + 3g) -28.7 to -35.9 deg 14.5 to 4.2 deg
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in the phase measurement between these two voltage settings.

2 s 3933 Conclusions

The results of the experiment lead to the following
conclusions with respect to the objective:

1. The 90% range in a LASA short-period seismic
channel phase shift for a 1 Hz sinusoidal forcing
function is about 65 ms while the extremum is
218 ms, as measured on 384 channels. The cor-
responding figures for 20 center hole channels
are 50 and 100 ms, respectively. These figures
are well within the lower range of station cor-
rections measured for the LASA (reference €).
Thus, should precise results be required from
LASA, it may be necessary to determine whether
current published LASA station corrections have
been invalidated due to seismometer replacement
for the channel(s) of interest. Such replacement
could occur through maintenance and/or modifica-
tion activity.

2. Phase shift computation, by means of the abbre-
viated cross-correlation technique on channel
data obtained from a sinusoidal calibration sig-
nal with respect to the reference channel is fast
and convenient. Thus, this technique should he
considered for an automatic array maintenance and
monitoring system.

It can also be concluded that the LASA short-period
seismic channel phase shift variation is due principally to the
HS-10-1/A seismometer while that variation due to the RA-5 Ampli-
fier and the Input Drawer Amplifier is negligible in comparison.

The data basc used in the experiment in which the
seismometer natural frequency was to be determined, for which
seismometer orientation versus natural frequency was to be mea-
sured, and for which the influence on phase shift of the RA-5
amplifier detector voltage was to be measured, was too small to
consider the results seriously. Thus, it is recommended that such
measurements be repeated on a larger population in order to obtain
confident results,.

2.3.4 Microbarograph Data Recording

The PDP-7 computer on-line system was modified to
implement full-time recording of a microbarograph data tape. Re-
cording is accomplished by feeding the data, one word at a time,
to a Kennedy Model 15C0/H5/EC incremental magnetic tape recorde:.
Tape character density is 556 bpi.
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These data being recorded consist of: 8 channels
from Response A250 Model LTV-6 microbarographs, 13 channels from
Response C125 ESSA (NBS) microbarographs, 1 channel from a
Response B1667 Model LTV-6 microbarograph, 9 channels from
standard LASA vertical-component long-period seismometers, and
4 channels from wind speed, wind direction, atmospheric tempera-
ture, and barometric pressure instruments.

#11 data are sampled at a 2 sample-per-second rate
and recorded in the sequence shown in Table V in the tape and
record formats of Figure 2.50. The header for c¢ach record con-
sists of a time code (Figure 2.51) which is identical toc the
LASA high rate and low rate magnetic tape time co ==. The one
minute of data per record together with the time code words re-
sult in a record length of 4,202 words (12,606 tape chaiacters).
A 2400-foot reel of tape contains approximately 20 hours of
real-time data. As a result, this format is referred to as the
very low rate (VLR) format.

On-line recording of microbarograph data is combined
with the normal LASA functions of high rate and low rate data
recording, seismic event detection, and beamforming (24 hours/day,
7 days/week).

Typewriter input of a start command causes a sample
of data toc be transferred to the 35 word microbarograph buffer
(only one buffer is required). When the incremental recorder is
ready to record data, the Interrupt Line from the interface
(Figure 2.52) signals the computer that data can be accepted.
(Interrupts from the interface can be enabled or disabled under
program control.) Data is placed into the PDP-7 accumulator and
an Input/Output Transfer (I/OT) is executed. The I/OT Data
Transfer pulse stores the accumulator data in the 18-bit holding
register of the interface and starts an oscillator within the
interface and control logic. This oscillator drives a count-of-
three circuit which disassembles the 18-bit word into three
6-bit characters and sequentially transfers them to the incre-
mental recorder Data Lines. Step pulses signal the recorder when
to record data. The Interrupt Line is inhibited from making
further data requests while recording. Upon completion of a full
cycle of the timing logic, during which three 6-bit characters
are recorded on tape, the Interrupt Line is raised for the next
computer word. This process continues each half second until a
full record of data has been transferred at which time the com-
puter outputs an Inter-record Gap command. The End-of-file Mark
is written in the same manner. During the writing of data,
Inter-record Gaps, or End-of-file Marks, the interface is
inhibited from making data requests.

Tables VI and VII list the various control and data
signals and their function. Figure 2.53 is a photo of the in-
cremental recorder, interface chassis, and power supply within
one rack.
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TABLE VI

PDP-7 TO INCREMENTAL RECORDER INTERFACE SIGNALS

Signal

Function

Data Lines

Data Transfer

Inter-record Gap

End-of-file

Interrupt Enable

Interrupt Disable

Interrupt Line

Contain information from accumulator
bits 0-17.

Transfers accumulator data to the
storage register and starts tape char-
acter transfer with Input/Output
Transfer (I/0T) command 704301 (octal).

Initiates writing of a 3/4-inch inter-
record gap on tape with I/OT 704302.

Initiates writing of an end-of-file
mark on tape with I/0T 704304.

Enables the interface to generate
jinterrupt data requests when the re-
corder can accept new data. Utilizes
1/0T 704502.

Dicables the interface from generating
interrupt data requests. Utilizes I/0T
704504 .

Requests data from the computer. It is
inhibited when the program has output
the Interrupt Disable command, words
are being written onto tape, a record
gap or file mark is being written, the
end of tape has been reached, the tape
is broker, the tape is not in the cor-
rect position relative to the load
point, or the recorder is not ready.

Note: Negative logic (0 and -3 volts) for all signals. The
Data Lines and Interrupt Line signals are sustained
ljevels while all others are 350 nsec pulses.




TABLE VII

INCREMENiAL RECORDER INTERFACE TO RECORDER SIGNALS

Signal

Function

Data Lines

Step Input

Inter-record Gap

End-of-file Mark

Gap in Progress

End of Tape

Broken Tape

Load Point

Recorder Ready

Contain 6-bit tape character information.
Positive logic (0 and +8 volts).

Initiates writing of one 6-bit tape
character. Positive logic (0 and +8
volts) 1 ms. pulse.

Initiates writing of the inter-record
gap (450 ms). Positive logic (0 and +8
volts) 150 ms. pulse.

Initiates writing the end-of-file mark.
Positive logic (0 and +8 volts) 150 us.
pulse.

Indicates that an inter-record gap or
end-of-file mark is being written.
Positive logic (0 and +10 volts).

Indicates that the end of the tape has
been reached. Positive logic (0 and +10
volts).

Indicates that the tape has broken.
Positive logic (0 and +10 volts).

Irdicates that the tape has reached the
load point. Positive logic (0 and +10
volts).

Indicates that the recorder is ready for
operation. Positive logic (0 and +10
volts).
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Figure 2.53 Incremental recorder interface
and power supply equipment.

Figure 2.54 Mark Products Model L-3A seismometer.
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2.8 .5 Mark Products L-3A Seismometer Evaluation

The field evaluation of the short-period seismometer
Model L-3A (Figure 2.54) from Mark Products, Inc., Houstoen,
Texas, was terminated this quarter. Final test measurements
were made and the seismometer returned to the manufacturer.

The seismometer was installed at location B1-35 on
22 March 1967. During the evaluation period two laboratory
evaluations and four field evaluations were performed. The
evaluation tests are described in detail in reference 7. The
seismometer operated satisfactorily in the present LASA sensor
environment. The calibration coil motor constant is greater than
trat of the standard LASA seismceter, Geo-Space Model HS-10-14;
therefore, for normal operation of the array remote calibration
function an attenuation circuit was aesigned and installed at the
sensor location with the seismometer.

2.3.6 USGS High Explosive Calibration of the LASA

The USGS representatives from the National Center
for Earthquake Research, Menlo Park, California, ignited 15 high
exXplosive shots near or within the LASA between 10 September 1968
and 13 September 1968,

The objectives of the experiment were to:

1. Determine near surface time Jelays and velocity
ancmalies in the upper crust.

2. Determine depth of intermediate crustal layers
using wide angle reflections recorded from LASA
and USGS seismometers.

3. Determine velocity of mantle arrivals across the
array from three distant shotpoints.

4. Compare time delays determined from explosions
with time delays from 25 earthquakes recorded
during September and October 1968.

The LASA was augmented by 20 USGS seismic stations,
12 stations in the F Ring and 8 stations in the E Ring. Twelve
4,000-pound shots were fired within and Just outside of the
array. Three 20,000-pound shots were fired at a distance of 200
kilometers from the F Ring - to the northwest, to the northeast,
and to the southeast. The shooting schedule is shown in Table
VIII.
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TABLE VIII

USGS HIGH EXPLOSIVE SHOOTING SCHEDULE

TIME

DATE GMT NAME OF SHOT LOCATION SHOT SIZE
9/10/68 | 1100 Devils Tower | 44°50'N 104°52'W | 20,000#
9/10/68 | 1130 Sanders 46° 20'N  107°03'W 4,000#
9/10/68 | 1200 Jordan 47° 20'N 106°48'W 4,000#
9/10/68 | 1230 Hazel 46° 58'N 105°20'W 4,000#
9/11/68 | 1100 Kingsley 45°40'N 105° 27'W 4,000#
9/11/68 | 1130 McRee 45°50'N 107°11'W 4,000#
9/11/68 | 1200 Turner 48°58'N 108°03'W | 20,000#
9/11/68 | 1230 Cabin Creek 46°41'N 104°41'W 4,000#
9/12/68 1100 Garland 46° 06'N 105°49'W 4,000#
9/12/68 | 1130 Melstone 46°41'N 108°00'W 4,000#
9/12/68 | 1200 Hor ton 46° 17'N 105°59'W 4,000#
9/12/68 | 1230 Cohagen 47°09'N 106°33'W 4,000#
9/13/68 | 1130 Axtell 47°45'N 105° 20'W 4,000#
9/13/68 | 1200 Charlson 48° 08'N 103°06'W | 20,000#
9/13/68 | 1230 Baloney Hill | 47°45'N 107°60'W 4,000#
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USGS's requirements from the LASA Data Center Wwere
as follows:

1.  Provide a desk and telephone at the LASA Data
Center for the USGS representative.

2. Record the 15 shots on magnetic tape in the
standard LASA High Rate format (20 samples per
second). Duplicate and distribute these tapes
as requested by USGS.

3. Have available an attenuated output from each
SP subarray. The current 30 dB attenuation of
the ""1@g" signal at each subarray was sufficient.

4, Retain for 6 weeks, instead of the normal 4
weeks, High Rate tapes containing event signals
beginning on 25 August 1968. Duplicate and
distribute selected tapes as requested by USGS.

5. Send by mail daily the LASA Seismo Bulletin to
USGS, Menlo Park, California.

6. Send LASA seismic films to the LASA Data Service
as usual for distribution to USGS.

The LASA Data Center effort fulfilled all of the
above requirements, and made hard copies of each of the shots
for USGS.
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SECTION III
SEISMIC SIGNAL ANALYSIS
The data analysis effort this quarter represented a
straightforward application of seismic analysis techniques to
the LASA data to produce the daily Seismo Bulletin from which the

statistics of paragraph 3.1 were obtained.

3.1 Statistics

During this quarter the seismic signal analysis
effort has resulted in reporting, through the Seismo Bulletin,
3051 detected events. These 3051 events are classified as shown
in Table IX. The analysis technique was continued as reported in
reference 3.

A time history plot of the activity is shown in
Figure 3.1 and the distribution of P phase magnitudes for located
events appears in Table X. A swarm of events occurred in August
from the Molucca Passage region (reported in Seismo Bulletin as
North of Halmahera). The distribution of number of events per
day appears in Figure 3.2. This distribution, with the exception
of the above mentioned swarm on 9 August, is very similar to that
previously encountered at the LASA. The mean and standard devi-
ations are normal.

A time history plot of the number of false alarms
appears in Figure 3.3 and their distribution per day in Figure
3.4. During this quarter there were only 2 days with more than
10 false alarms each.

77



Rl PR Twarn

¢ '€t 160¢ €68 9€01 ¢911 SLN3IAA TVIOL
1 | 1€1 1€ €9 LE Teuorday JeosN JO [eUOTIOY
8°L 0clL 0cec 69¢ 1€¢ soseyd JI9Y4lo
€'V L8E P11 vl 0€l saseyq dd
6°¢C 69¢ GL 88 601 (p9@3ed071 3j0u)
SWSTASa[93 }eam IO JI00d
6°V 8vv 14°] 98 8L¢ pPa31ed0 [ did
6°T1 9601 GEE L8E LLE S,ddd 3urpniour jou
SWUSTOSa[9]1 pPaled07]
adeaaAy Sj1uaAq I3q0120 Jaqualdag 1sn3ny GOT1BOTJITSSBID 1JUaAjg
A1teq Te3jol
SINIATd qILOILIAd A0 NOILVOIAISSVIO

XI J14dVL

78



-fep Aq sjuaAs Jo Jaqunu Te}03 JO unIINqIIISTd

¥380.100 i YIGNILJIS |

1€ 2an3dtd

LsSNonv

¥91

02

oV

83U9A9 JO JaqUNN

79



¥1°0 €1 € S S 0°9 <

V0 8¢ 14! S1 6 0°9 - 9°6

P'a 8¢1 6€ 8¥ 184 G'6 - 1°6¢

9°¢ 82¢€ LOT 611 A 0°SG - 9%

VG 66% AA! PLT €81 Sy - 1'%

16°0 06 LC 9¢ LE o'v >
93deIaay S31UaAYq I3q013120 Jaquajzdag 3sn3ny apnjtTuldel juaaAq
A11eq Tel0L

SINIAT ILVOOT 40 FANLINOVK

X d1dV.L

80



"Aep 1ad sjusaAs Jo Jsqunu [®IO0} JO UOTINQ:I3SIq gZ'g oindig

Aep Jad sjueas Jo Jaqunu ayz ‘N
@ wh 09 wm ﬁv o€ ‘ om

J | |

"9T = UOT3eTASQ PJIEPURIS

¢ €€ = Uesy

S3U3A8 N Y3TM sdep JO Jaquny
81




-Aep £q swawle 9sIey JO JIdquUNU 3Y3z Jo =IINQTaA3ISIqA €°€ 2an3t g

¥y34d0.L00

YIIRAIdAS

LSNOoNv

_ _

i

_ |
_ _;::

:_ ___ _ _: ::

I

:____

|

1

0l

(=
-

1o S
—

sule(® O9s(e} JO JaqunyN

82



-Aep xad swaele 9s1eF JO Jaqunu a9yl JO UOTINQTIISTA ¥°€ 2an3t g

Aep aad suaele 9sTeJ JO zaqunu ayy ‘N

ve 02 ww mﬁ m 1 4 0

| T N B

L'Z = uUOT3eTAdQ PIEPUBIS

9°¢ = UeaNn

suIele 9s[ey N UITA sAep JOo JaqunN

33



BLANK PAGE



SECTION IV

MAINTENANCE

Normal maintenance effort was applied to the LASA
this quarter. The distribution of troubles was similar to that
previously encountered. Two particularly disturbing array prob-
lems were resolved (4.1) but the usual spectrum of Data Center
equipment problems were encountered (4.2).

4.1 Array

Array maintenance during this quarter consisted
mainly of corrective maintenance to the LASA sensors. Figures
4.1 and 4.2 indicate the percentages of sensor channels out of
tolerance for the long-period and short-period sensors respec-
tively. An out of tolerance condition is determined from
response to remote calibrations performed from the LDC mainte-
nance console. It should be noted that sensor maintenance is not
done at regular intervals. This is due to climatic conditions
throughout the array and the priority of other LASA Maintenance
Center activities. However, corrective maintenance is provided
as the nature, distribution, and rumber of failures dictate to
minimize the effect on array sensitivity.

Table XI contains a summary of the array equipment
failures for this quarter. The definition applied to determine
the number of failures, viz., 89, is "equipment received adjust-
ment and/or component replacement to restore normal operation'.
Some sensor channel responses drift in and out of tolerance
whenever the array experiences wide surface temperature varia-
tions. In these cases, unless an actual equipment adjustment is
made, no failure report is prepared.

The largest number of sensor failures occur in the
short-period amplifier and the long-period seismometer. The
short-period amplifier failure results from the amplifi~r's
sensitivity to the array environment, viz., amplifier gain varia-
tions with temperature. The long-period seismometer adjustment
failures result from the seismometer mass moving against a
mechanical stop due to the gradual tilting of the vault floor.

The large number of reported adjustment failures to
the standby power system batteries resulted from routine ser-
vicing of the batteries and not actual failure. The batteries
require the addition of water occasionally. Another failure
occurred in the standby power system battery charger transformer.
Since repair requires the replacement of the transformer, a
$240 item, corrective action to eliminate this type of failure is
being initiated. A failure of this type also occurred during the
first quarter.



L.P. Sensor Maintenance Applied
% LP
SENSORS L
OUT OF 20
LIMITS
10
1 2 3 4 5 6 7 8 910 11 12 13
Reported percentage of LP sensors out-of-tolerance.
Figure 4.1
l S.P. Sensor Maintenance Applied
% SP
SENSORS 10
ouT OF
LIMITS
5

1 2 3 4 5 6 7 8 910 11 12 13
Weeks of Reporting Period

Reported percentage of SP sensors out-of-tolerance.

Figure 4.2
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TABLE XI

ARRAY EQUIPMENT FAILURES

Number of Failures

R Component| Adjustment

Seismometer:

Short-period 1 0

Long-period 0 5}
Seismic Amplifier:

Short-, »riod 5} 48

Long-period 0 1
SEM:

Input 4 0

MUX 1 0

Output 0 0

Control 4 2

Seis. Amp. Power Supply 1 0

Auxiliary Control & Conditioning 0 0
Standby Power System:

Charger 1 0

Battery 0 13

Inverter 0 1

Control 0 0
Weather S ation 0 0
Microbharograph:

LTV-6 0 0

ESSA 2 0
TOTAL 19 70
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Investigation of another failure, ten of which have
occurred in the LASA SEM during the past six months, has been com-
pleted. This was a particularly drastic type of failure in that
it caused half or all SEM channels to become inoperative depending
upon its location in the system. The failure was traced to a !
particular type of operational amplifier which, when malfunction-
ing, caused loss of a voltage supply within the SEM. The opera-
tional amplifier manufacturer acknowledged failure of his units
and replaced defective ones at no charge to the project.

Array surficial maintenance consisted of subarray cen-
tral area fence repairs, access roads, gate repairs, and sensor
marker post replacements, at 11 subarrays.

4.2 Data Center

Equipment maintenance activity at LDC is summarized in
Table XI1. The entries for the IBM System/360 Model 44 computer
were obtained from the GSA and IBM maintenance logs. This is a
leased computer for which IBM provides the maintenance. Computer
utilization for all LDC computers 1is presented in paragraph 5.1.1. |

The largest number of 360/44 troubles occurred in the
mainframe. However, this number includes two occurrences of disk
trouble since the disk units are located within the mainframe.
Apart from these troubles, the remainder are rather evenly dis-
tributed among the other IBM system components.

The PDP-7 magnetic tape units again accounted for near-
ly all of the PDP-7 troubles. However, component failure de-
creased and most troubles were corrected through adjustment. The
adjustments involved head alignment and timing. The resulting
down time due to tape unit problems decreased when compared with {
last quarter.

[~ <=

The analog recording system received attention again
this quarter. Film for the Develocorders (16 nm film analog sig-
nal recorders) was received from a different manufacturer, and,
although the recorded signal 1is satisfactory, the film is faster
than that previously used and becomes fogged easier from light ‘
leaks. This is especially troublesome for the slow speed Develo-
corders which are used for recording the long-period seismometer
signals. Other than careful handling no special action is now
contemplated.

- e — e, ] S

The perpetual difficulty with algae obstruction of the
chemical drainage system of the Develocorder rack appears some- .
what relieved since adopting a different product to flush algae
growth into the drain. An ammonia product used in swimming pools
is now being used to replace the chlorine bleach previously em- .
ployed. This algae difficulty has always commanded attention and
it is hoped that now some relief is in sight.

ol

S

SR S
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TABLE XII

DATA CENTER EQUIPMENT INCIDENCE OF REPAIR

Number of

Equipment Failures

PDP-7 Computers:

Mainframes 2

Card reader 2

Typewriters 1

Magnetic tape units 48
360/44 Computer:

Mainframe 7

Card punch/reader 1

Typewriter 2

Line printer 2

Magnetic tape units and controller 2
Data Adapters:

IBM Model 1826 0

IBM Model 1827 1

IBM Model 2701 1
Analog System:

Digital-to-analog system 1

Develocorders 1
Maintenance Console and Chart Recorders 4
Other 4
TOTAL 79
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The defective chart recorder paper which caused prob-
lems throughout the last quarter (paragraph 4.2, reference 1) has
been replaced by the manufacturer with a better grade of paper.
Its performance is satisfactory.

90
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SECTION V
OPERATION
The LDC operation continued as reported last quarter.
The utilization of all LDC computers and a summary of the tape

and film library operation is presented.

Hal Data Center

Progress was made toward the fully operational IBM
System 360/Model 44 LASAPS as reported in paragraph 2.1.
However, until it does become operational the LDC operating pro-
cedures will remain as reported last quarter. Thus, this report
summarizes that effort mostly performed with WAPS testing and the
continuing seismic data analysis effort. Details regarding Com-
puter Operation (5.1.1) and Library Operation (5.1.2) follow.

5.1.1 Computer Operation

The IBM System/360 Model 44 computer was used mainly
for program development through August and early September.
Starting 21 September 1968, the operation began on a 24-hour per
day - 7-day per week schedule. The purpose was to test the LASA
Processing Subsystem (LASAPS) during extended time runs. This
testing was interrupted from time to time for purposes of addi-
tional program development, pieventive, or corrective maintenance.

Table XIII shows the 360/44 computer utilization.
Recording fully operaticnal with WAPS and recording only at LASA
increased during September and October while idle time decreased
as activity with WAPS increased and because three shift operation
began.

Table X1V, PDP-7 computer utilization, shows tnat
off-line seismic signal processing decreased by apuiroximately one
hundred hours from last quarter as seismic activity returned to
normal. The idle time is also down from last quarter as tape
duplication increased. The USGS high explosive LASA calibration
effort (paragraph 2.3.6) involved recording 32 extra tapes and
duplicating an additional 61 tapes which contained events as re-
ported in paragraph 2.3.6. An increased number of requests from
Lincoln Laboratory and other users also contributed to the in-
crease in the number of tapes duplicated. The introduction of
the very low rate (VLR) format (paragraph 2.3.4) also contributed
to the increase.

The recorded contents of the high-and low-rate tapes
changed with the addition of equipment within the array. The
very low rate tape recording was started on 1 August 1968. It
contains microbarograph, weather station, and some long-period
seismometer data as shown in Table XV, a reproduction of the VLR
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TABLE XIII

SYSTEM/360 MODEL 44 COMPUTER UTILIZATION

. Accumulated Time, Hours
Operation Aug. [Sept. | Oct. TTotil

On-line system program operation:

Initial program loading 0.2 1.1 4.8 6.1

Recording with WAPS 0.0 129.4 389.7 519.1

Recording at LASA only 0.0 56.6 228 .7 279.3
Other system operation:

Data transmission from tape 0.0 0.5 0.0 0.5

Phone 1line testing 94.5 56.6 9.6 160.7
General use:

Program development 287.8 66 .6 73.5 427.9

Running utility programs 13.6 3.1 4.6 21.3
Down time:

Scheduled maintenance 12r 2 4.9 5.9 23.0

Corrective maintenance 8.4 12.8 15.6 36.8

Waiting for maintenance 0.2 0.1 0.7 1.0

Program halts and loops 0.0 3.4 n8 W, 2

Housekeeping 0.3 0.0 2.4 2all
Idle time:

With power on 71.7 | 130.9 2.3 204.9

With power off 243.2 | 229.6 0.0 472.8
Training 1.6 15.9 0.8 18.3
Running diagnostics 7.2 6.0 3.6 16.8
Reruns due to errors 3.1 2 & 0.0 5.6
Shut down, other than computer
equipment inoperative 0.0 0.0 0.0 0.0
TOTALS 744.0 | 720.0 744 .0 | 2208.0
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TABLE XIV

PDP-7 COMPUTER UTILIZATION DURING AUGUST,

SEPTEMBER, AND OCTOBER 1965

Operation

“PDP-7 Computer Hours

No.1l No.2 Total
On-line system progra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>