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ABSTRACT

This is a report of the work accomplished on Project VT/8702
from 1 July through 30 September 1968. Project VT /8702
includes the operation, evaluation, and improvement of the
Tonto Forest Seismological Observatory (TFSO) located near
Payson, Arizona. It also includes special research and test
functions carried out at TFSO and research and development

r
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tasks performed by the Garland, Texas, staff using TFSO data.
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OPERATION OF THE
TONTO FOREST SEISMOLOGICAL OBSERVATORY

1. INTRODUCTION

1.1 AUTHORITY

The research described in this report was supported by the Advanced Research
Projects Avnecy, Nuclear Test Detection Office, and was monitored by the

Air Force Technical Applications Center (AFTAC) under Contract AF 33657-
68-C-0766. The effactive date of the contract is 1 January 1968; the statement
of work for Project VT /8702 is included as appendix 1 to this report.

1.2 HISTORY

The Tonto Forest Seismological Observatory (TFSO) was constructed by the
United States Corps of Engineers in 1963. TFSO was designed to record
seismic events and to be used as a laboratory for testing, comparing, and
evaluating advanced seismograph equipment and seismometric recording
techniques. The instrumentation was assembled, installed, and operated
until 30 April 1965 by the Earth Sciences Divisicn of Teledyne Industries
under Contract AF 33(657)-7747. On 1 May 1965, Geotech assumed the
responsibility for operating TFSO. The location of TFSO is shown in figure 1.

2. OPERATION OF TFSO

2.1 GENERAL

Data are recorded at TFSO on a ¢4-hour-a-day basis. The observatory is
manned continususly. A full complement of personnel is on duty eight hours
a day, five days o week; at other times, a reduced operating crew is on duty.

2.2 STANDARD SEISMOGRAPH OPERATING PARAMETERS

The operating parameters and tolerances for the TFSO standard seismographs
are shown in table 1. Frequency response tests arc made routinely, and
parameters are checked and reset to maintain the specified tolerances.

Normalized response characteristics of TFSO standard seismographs are
shown in figure 2. In addition to these standard seismographs, two filtered

=]
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summation seismographs are recorded. The >TF seismograph is filtered

by a UED filter with a high-cut frequency of 1.75 cps and a slope of 12 dB

per octave. The ZTFK seismograph utilizes a Krohn-Hite filter; the high-cut
frequency is set at 2.0 cps with a slope of 24 dB per octave, and the low-cut
frequency is set at 1.0 cps with a slope of 24 dB per octave. Both filtered
seismographs are recorded on 16 -millimeter film on data trunk 1.

The intermediate band system was deactivated on 25 June 1968 in order to
provide recording space for the high-frequency seismograph system.

2.3 DATA CHANNEL ASSIGNMENTS

Each data forinat recorded at TFSO is assigned a data group number., When
a data format is changed, a new data group number is assigned. Several
data format change notices reporting changes in channel assignments were
submitted to the Project Officer and to frequent users of TFSO data during
this reporting period.

2.4 COMPLETION AND SHIPMENT OF DATA

The magnetic-tape seismograms are shipped from TFSO each week. Six
magnetic-tape recorders are used to record data for the AFTAC/VELA
Seismological Center (VSC).

Film seismograms from twelve Develocorders are routinely shipped to data
users. The film and magnetic-tape operation logs and calibration logs are
copied and shipped with the seismograms. Copies of selected film seismo-
gram data are sent to the Geotech Program Manager regularly and to other
data users on special request. The shipments of 16 -millimeter film seismo-
grams routinely sent to the Seismic Data Laboratory (SDL) repository are
complete through July 1968, except for selected seismograms being held for
use in conjunction with special investigations or instrument tests that arc in
progress.

2.5 QUALITY CONTROL

2:5:4 Quality Control of 16-Millimeter Film Seismograms

Quality control checks of randomly-selected 16-millimeter film seismograms
fro- data trunks 1, 2, and 8, and the associated operation logs were made

in Garlaad. Items that are routinely checked by the quality control analyst
include:

a. Film boxes - neatness and completeness of box markings;

b. Develocorder logs - completeness, accuracy, and legibility
of logs;
-5-
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c. Film:

1) Quality of the overall appearance of the record (for example,
trace spacing and trace intensity);

2) Quality of film processing;

d. Analysis - completeness, legibility, and accuracy of the analysis
sheets.

Results of these evaluations are sent to the observatory for their review and
comment.

2:5.% Quality Control of Magnetic-Tape Seismograms

Routine quality control checks of randomly-selected magnetic-tape seismo-
grams were made in Garland and at TFSO to assure that recordings met
specified standards. The following are among the items that were checked
by the quality control group:

a. Tape and box labeling;

b. Accuracy, completeness, and neatness of logs;

c. Adequate documentation of logs by voice comments on tape
where applicable;

d. Seismograph polarity;

e. Level of calibration signals;

f.  Relative phase shift between array seisinographs;

g. Level of the microseismic background noise;

h. Level of the system noise;

i. PTA dc balance;

j. Oscillator alignment;

k. Quality of the recorded WWV signal where applicable;
1. Time-pulse carrier;

m. Binary coded digital time marks.

.
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2.5.3 Quality Control of Astrodata Digital Magnetic Seismograms

Quality control checks of Astrodata tape were initiated during June. At
present, one tape per day is checked for the following items:

a. Neatness and accuracy of the associated logs;

b. Parity errors;

c. Recording level of each channel;

d. Fidelity of reproduction;

e. Presence of header record and correct record length.
2.6 SECURITY INSPECTION
Mr. M. Craig, Industrial Security Inspector from Phoenix, Arizona, made
a routine security inspection of the observatory on 24 September. All items
checked were found to be in order.
2.7 DEFENSE CONTRACT ADMINISTRATION VISIT
Mr. C. P. Fink, Phoenix office of the Los Angeles Defense Contract
Administration Service Region (DCASR), and Mr. H. Clinkert, Small
Business Administration, visited TFSO on 19 July 1968. Their visit was in
compliance with a facilities visit regulation.
2.8 PROPERTY UTILIZATION SURVEY
Mr. D. Peebles and Mr. E. Friedman visited TFSO on 7 August for the
purpose of conducting a utilization survey of industrial plant equipment.
Both men were from the Phoenix office of the DCASR, Los Angeles.
2.9 EMERGENCY POWER GENERATOR
The emerg.:ncy power generator was operated 92. 1 hours during the reporting
period. Approximately 68 percent of the emergency power operation was

required because of activity that resulted ‘'n commercial power fluctuations
and outages.
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3. EVALUATE DATA AND DETERMINE OPTIMUM
OPERATIONAL CHARACTERISTICS

3.1 SHORT-PERIOD ARRAY SYSTEMS MODIFICATIONS

3.1.1 AE]l Lightning Protectors

Due to the many equipment failures at TFSO during the electrical storms of
June and July 1968, a detailed study of the lightning protection system was
conducted. The AEI lightning protectors were studied first, because
preliminary tests performed under another contract had indicated that their
performance did not necessarily meet manufacturer's specifications. These
specifications indicated that the protectors should operate in less than 1
microsecond, but tesi results had indicated that their times often exceeded
100 microseconds. In addition, many units which exhibited long initial operate
times showed short operate times on repeat tests performed soon thereaftev.
However, these same units, after being allowed to remain idle (unoperated)
for a day or two, again had long operate times on their first tests and had
short operate times on repeat tests conducted shortly thereafter.

When the manufacturer of this protector was contacted, he indicated an ’
awareness of this problem. He stated that initial operate time had been

shortened by modifying the procedure for introducing radioactive material

into the protector. All protectors manufactured after 1 January 1967,

should have short operation times regardless of how long they had remained

idle.

On the basis of this information, a plan was set up to test AE]I protectors at
TFSO and to replace all defective units. One hundred new protectors were
purchased. These were tested by applying a charged 16 microfarad capacitor
to the protector unit and measuring the time delay before the protector
operated. With the equipment available for these tests, the time resolution
was 2 microseconds.

Figure 3 shows the test circuit used. The results of testing the 100 new
protectors received from the manufacturer are shown in table 1 of appendix 2.
On the basis of these tests it was decided to accept any protector that operated
within 10 microseconds. Three of the new protectors failed to meet this
requirement and were returned to the manufacturer.

The tested and selected new units were shipped to TFSO and were used to

replace the protectors at the field end of the circuits of the long-period .
seismographs. The replaced units were returned to the Dallas office for

testing. Of the 33 protectors that were checked, 17 (51.5 percent) failed to

meet the 10 microsecond operate time requirement. Three would not fire

-8-
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at 700 volts, the standard voltage for these tests, requiring 1000 or more
volts to operate. The results of these tests are presented in table 2 of
appendix 2.

Another 100 protectors were purchased to replace those in the ficld circuits
of the 37-element short-period array. When these aew units were tested,
17 were founc to be unacceptable and were returned to the manufacturer.
Results of these tests are presented in table 3 of appendix 2.

Table 5 of appendix 2 shows the results of tests of protectors which were
received as replacement units for those rejected from the 200 units purchased.
Note that 9 (24 percent) of the 38 units tested are unacceptable.

Since installation of the new AEI protectors, along with new grounding tech-
niques (covered in section 3.1.2), the array has been exposed to several
lightning storms without damage to the vault equipment. The most severe
test took place at site Z8, where the spiral-4 cable was hit by lightning
approximately 200 yards from the vault. The spiral-4 cable was destroyed,
but no equipment was damaged.

On the basis of this study and the test results, we tjecommend that all AEI
protectors in service at TFSO be replaced once per year with units that have
passed a standard performance test. It is recommended that an acceptable
protector be defined as one which will operate (break down into an arc
discharge) in 10 microseconds or less after a 16 microfarad capacitor
charged to 700 volts has been connected to one end and the center electrodes
of the protector.

3.1.2 Improved Grounding

In August, as part of the overall effort directed toward reducing the damage
suffered during lightning storms, the grounding system used at the remote
short-period sites was reviewed and its effectiveness was evaluated. At the
several sites visited, it was found that the resistance of the ground conductor
connecting the tank vault to the ground rod was more than 5 ohms. Resistance
between the center (ground) electrode of the AEI protector and the ground rod
also was usually more than 5 ohms. In some instances it was over 1000 ohms.
Ground connections between some instruments within the vault itself used a
variety of wires, some rather small for this service.

Although these relatively high equipment-to-ground resistances apparently
have not affected the performance of the short-period array with respect to
signal characteristics, they quite likely have reduced the effectiveness of the
lightning protection circuits. Accordingly, a program was undertaken to
connect all components at each short-period site to each other and to ground
through low resistance conductors. Number 4 copper wire was used to connect

-10-
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the tank vault and the culvert to the ground rod. “Connaction to the tank vault
was made by bolting the No. 4 cable terminating lug to the lip of the tank,
This permits removal of the tank lid without interfering with the ground
connection. All surfaces that mate with ground wire terminating lugs were
cleanel of paint and corrosion, and star lock washers were used to insure
good electrical connections. Sizes of wires connecting components within
the tank vault were increased and fastened to points that will insure good
ground connections. The No. 10 wire connecting the ¢round rod to the vault
terminal box (to which spiral-4 shields are terminated) was retained, but

its box termination was reworked to insure a good connection.

The grounding at all 37 short-period array sites was reworked during this
reporting period.

There are no data available to show specitic improvements in performance
resulting from this modification, but we believe that the better grounding

has contributed to the increased overall effectiveness of the lightning protection
system by providing a low impedance path thrcugh which lightning-induced
potentials can be returned to earth.

3.1.3 Spike Noise Elimination

Although there has been no reoccurrence of the extremely high amplitude

spike noise that was observed on the short-period traces from late-May to

10 June 1968, smaller amplitude spikes have been observed. in general,

the incidence of these spikes has fallen into three categories: First, spikes

that occur during thunderstorms and appear to be related to lightning discharges.
Second, spikes that occur during intervals when there is cloud cover over

the array - when there is no obvious electrical storm in the area. Third,

spikes occur at random each day - the incidence of these spikes is very

small during the daylight hours and increases during the nighttime hours,
peaking near midnight or 1 a.m. local time.

Figures 4 through 11 show short-period seismograms tihat exhibit typical
s pike noise.

A series of tests were conducted and work was done to determine the causes
of the spike noise and to devise circuit modifications which would eliminate
this noise from data recordings. The test plan for this work is reproduced
in appendix 3 to this report. Work was first undertaken with Z19 circuits.
The following is a detailed record of the work done.

1. The first test was run with a signal generator feeding the input
to short-period discriminator (Z19). This test was performed to attempt to
isolate the source of spikes as either internal or external to the central
recording building (CRB} The test indicated that the spiking was occurring
external to the CRB due to the absence of spikes.

a L
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2. Seccndly, attempts were made to induce spikes into the lines by
discharging a magnet charger between two ground rods placed near the cables.
Also, the charger was discharged into spiral-4 cable running parallel to the
data lines. All attempts to induce spikes were unsuccessful,

3. After abandoning efforts to induce spikes, the dc power was
removed from the 219 data line and all vault equipment disconnected from
the circuit. A 1550 cps carrier frequency was then applied to the line by
connecting a Wavetek Model 111B signal generator directly to the spiral-4
transmission line. No spikes were observed.

4. A 3 kohm dummy load resistor was installed across the amplifier
input in place of the Johnson-Matheson (JM) seismometer. The remainder
of the circuit operated in the normal configuration with all gain controls at
the normal operate settings. (This statement applies for all tests performed.)
Many spikes were observed on the test record. These spikes are more
frequent at night, reaching a peak at approximately 0700-0900Z.
5. The grounding at Z19 was improved by installing new AEI protectors
and connecting the tank vault, culvert, and ground rod together using a No. 4
stranded copper cabie. Also, the amplifier case, seismometer case, and
the AEI center point were connected to the tank using No. 14 stranded wire.
The 100 kohm resistor, which was used on the negative power connection to
the Model 25220 amplifier, was removed to eliminate the path to ground as
a possible spike source. (It was necessary, however, to retain the 0.5 micro-
farad capacitor to prevent the voltage-controlled oscillator (VCO) frequency
from being ''pulled" by the amplifier power-converter frequency.) The
100 kohm resistors installed in the Vault Isolation Filter, Model 19275 as
''static drains' were also removed. Finally, the #10 Vdc common, pin G o
J102; the output ground, pin F of J102; and pin C of J102 were tied directly
to the tank vault to assure a good ground connection. The amplifier input
dummy load test was then repeated. Spikes were observed.

6. A long-term test with the Wavetek generator connected to the
spiral-4 line and dc power removed was then repeated. No spikes were
observed.

7. The amplifier output was disconnected at the vault, and the Wavetek
generator was used to apply a carrier frequency in the FM input jacks on
the isolation filter. An 820 ohm, 3 watt, wirewound resistor was substituted
for the amplifier dc load at the isoiation filter. Dc power was applied to the
line at the CRB. Spikes were observed.

8. The Wavetek generator was coupled through a 2.0 microfarad
capacitor to the vault erd of the transmission line. An 820 ohm resistor was
used to terminate the line at the vault end. Dc power was applied to the line
at the CRB. Spikes were observed.
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9. Thec Wavetek generator was connected to the isolation filter at
the CRB and loaded with a 4 kohm resistance. There was no connection to
any field lines. Dc power was applied to the circuit. No spikes were observed.

10. A 50 kohm leakage path on the transmission line of Z19 was traced
to a badly corroded terminal strip in splice box 132. This was eliminated
and a normal data connection was run overnight to check for spikes. Spikes
were observed.

11. A considerable buildup in spike frequency was observed on the
latter part of the previous test. At this time it was noted that a storm front
was evident to the southeast of the array at an estimated distance of 35-40
miles. We disconnected the ground connection from the shield of the spiral-4
at the CRB. Spiking was still present.

12. The storm front moved in over the array overnight, bringing
light rain. The spike noise increased.

13. The next morning dc power was applied to 219 on one spiral-4
pair and the FM data were fed over the other pair. No spikes were observed.

14. At this time it was concluded that spike elimination was in some
way dependent upon the separation of dc power and FM carrier. To confirm
this, Z24 was modified to the same configuration as Z19. No spikes were
observed.

15, Z22 was next modified to basically conform with Z19. (This site
is powered by the Lambda power supply that also provides power for LP2.)
It was used as another test circuit to observe the absence of spiking when
the dc power and FM data are separated.

16. Since the FM data from Z24 were transmitted over the calibration
pair, an attempt was made to transmit both the calibration signal and FM data
over the same pair. A 1.0 cps calibration signal was applied and appeared
normal at the CRB. A check of the motor constant was then made to establish
the accuracy of the calibration. Dc pulses were applied directly to the seis-
mometer at the vault and from the CRB to check for discrepancies that might
be caused by interaction between the calibration and data circuits. Motor
constants determined by both methods agreed closely, verifying that calibra-
tion and data signals could be transmitted over the same cable without
reducing calibration accuracies.

17. To further confirm the validity of the circuit modifications, 434
was modified. (This site is powered by the thermoelectric generator that
powers LP7.) No spikes were observed after its rework.
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The four modified sites were operated routinely for several weeks to confirm
that a significant reduction in spike noise would be realized at sites that had
been modified. Figures 12, 13, and 14 show typical recordings made during
this period. Note that the modified channels Z19, Z22, Z24, and Z34 are
free from spikes while other channels were noisy. An examination of all of
the recordings for this time period revealed that Z19 recorded no spikes at

all, and that Z22, 224, and 234 recorded an occasional small amplitude spike.

On the basis of these test results, it was concluded that spike r.oise could be
eliminated or greatly reduced if:

1. dc power and FM were transmitted over separate cable pairs, and

2. all leakage paths from signal, power and calibration circuits
were eliminated or minimized.

Therefore, modification of the remaining 33 systems was started on

23 September. At the end of the month, 78 percent of the array had been
modified. Figures 15 and 16 show the circuit modifications which are being
made. The motor constant of each short-period seismometer also is being
checked immediately after modification.

3.1.4 Solid-State Amplifier

One of the reasons the short-period system is susceptible to interference
from electromagnetic radiaticn like that produced by lightning is that a
relatively low amplitude of FM carrier is transmitted from each remote site
to the CRB. To reduce this susceptibility, all amplifiers in the system are
being modified to increase the output carrier levels from about 1.8 volts to
2.9 volts. This is done by changing one resistor and should improve signal-
to-noise discrimination in the transmission system by approximately 4 dB.

The amplifiers are being modified as they are brought into the CRB for
maintenance. To date, 50 percent of the amplifiers have been modified.

3.1.5 Cable Hock Sealing

It has been observed that the leakage resistance between conductors and also
from conductor to shield in TFSO spiral-4 cables will vary with weather
conditions. In general, during rainy conditions leakage resistance assumes
relatively low values, and during extended periods of dry, clear-sky condi-
tions, the leakage resistance assumes higher values. This indicates that
moisture can bridge the insulation that normally would separate the cable
conductors and shield and thereby lower the normal insulation resistance.
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Furthermore, it has been observed that after an electrical storm the spaces
between contacts in some cable hocks have been blackened - apparently by
arcing between contacts. The blackening appears to represent a thin burned

(carbonized) surface on the plastic hock insulation and is a conductive medium.

This, of course, gives the cable conductors a measurable, low value of
leakage resistance which interferes with the proper operation of the circuits
connected to that cable. It appears reasonable to assume that a hock will

be more easily arced over and carbonized during a storm if moisture bridges
the contacts and lowers the leakage resistance.

For these reasons it is important that moisture be excluded from the cable
proper and the hocks. To accomplish this for all TFSO cables, a program
of hock sealing was undertaken. During September, materials were ordered
and plans were made to accomplish the following:

1. Open and inspect cach hock;

2. Clean moisture, carbon and dirt from inside hock;
3. Place heat-shrinkakle tubing over line;

4. Apply thin coating of DC-4 Silicone to inside of hock:
5. Assemble hock;

6. Move heat-shrinkable tubing to cover hock;

7. Apply heat and shrink tightly;

8. Wrap joints (2) between cable and hock with heat-shrinkable tape
and apply heat to shrink. An example of a sealed hock is shown in figure 17,

The tubing used for this job will have an original diameter of 3 inches and a
shrink ratio of 3 to 1. The hock diameter is 2 inches. This combination
will insure a tight fit after shrinking. The tubing is coated on the inside with
a relatively soft sealing material that will fill all spaces and provide a
moisture-tight seal.

All lines are presently being tested and unsatisfactory sections are being
replaced. Upon receipt of all materials, which are expected in early October
of this year, sealing work will be started.
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3.2 ASTRODATA SYSTEM

3.2.1 Overload Circuit Modification

The overvoltage reset circuit was modified to reduce the reset-hold time to
less than 50 milliseconds. This was done to prevent the saturation of the
system amplifiers which occurs when the reset signal is greater than one
sample in duration. The shorter reset-hole time will allow only one over-
loaded sample to be converted before the overvoltage shut-off is reactivated,
eliminating data dropouts from subsequently sampled channels.

8.3.2 Miscellaneous Repairs

Both Datamec transports required replacement of photo-sense lamps. The
tape-feed reel-motor of tape transport 2 shorted out and damaged the control
circuits; the motor was replaced and the control circuits repaired. The
vacuum motor on transport 2 also failed and was replaced.

3.3 LONG-PERIOD ARRAY

During August, new AEI lightning protectors were installed in all long-period
circuits at the vaults. These protectors were quality-control inspected by
the Garland, Texas, group before installation. The replaced AEI protectors
were returned to Garland for evaluation.

During September, diodes were installed across the multiplexed data output

in the Hoffman boxes at each long-period site. This modification is to

protect the transistors on the line driver cards. Figure 18 shows a schematic
of these modifications.

Lightning protection of the Lambda power supplies at <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>