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ABSTRACT_

The operation of the Wichita Mountains Seismological Observatory between
1 July 1964 and 31 October 1965 is discussed in this report. Modifications
and additicns to the observatory instrumentation are described and tests to
improve the operacion of the observatory are reported. Alsoc discussed in
this report is the progress of special investigations designed to evaluate and
improve the detection capability of the observatory.
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FINAL R SPORT OF THE OPERATION OF THE WICHITA
MOUNTAINS SEISMOLCQCCICAL OBSERVATORY
1 July 1964 through 31 October 1965
and
SEMIANNUAL REPORT NO, I, PROJECT VT/4054
1 June through 31 October 1965

1. INTRODUCTION

This is a report of the work done on Project VT /4054 and is both a final report
of the operation of the Wichita Mountains Seismological Observatory (WMSO)
from 1 July 1964 through 31 October 1965 and a semiannual report of che
operation of WMEO from 1 June through 31 October 1965. Because of the
partial coincidence of reporting periods, the two reporte have been combined.

1.1 AUTHORITY

Authority for the operation of WMSO is zontained in Contract AF 33(657)-13562,
Project VT /4054, dated 1 July 1964, The Air Force Technical Application
Center (AFTAC) has technical supervision of the contrac. as 2 part of Project
VELA-UNIFORM, wh 'h is under the overall direction of the Advanced
Research Projects Agency (ARPA),

1.2 PURPOSE OF WMSO

The purpose of WMSO s threefold. First, the standard instrumentation of the
observatory is maintained and continually evaluated; 2nd seismoms=tric data
are recorded, analyzed, and reported to the United States Co~st and Geodetic
Survey (USC&GS) daily, Second, WMSO is used as a field laboratory where
new instruments and techniques are tested and evaluated to determine their
value for use at an observatory. Thivd, the data recorded at WMSO are
studied, separately and in conjunction with data from other observatories, in
an effort to improve and refine interpretive techniques and to learn more about
earthquake mechanisms and the mechanisms of propagation of seismic waves
through the earth.

TR 65-133 -1-




1.3 HISTORY OF WMSO

WMSO was .designed, constructed, and equipped in 1960 under Phase I of
Contract AT 33(600)-41218, Project VI /036, The scismological instrumenta-
tica has the characteristics recommended by the 1958 Geneva Conference of
Experts to Study Methods of Detecting Violations of a Possible Agrevment on
the Suspension of Nuclear Tests, The general parameters of the equipment
recommended by the 1958 Geneva Conference of Experte are quoted, and the
standard instrumentation of WMSO is described in Information Bulletin No. 2
of the Wickita Mountains Seismological Observatory, published on

1 January 1963. The work done during Phase I of Contract 41318 is described
in Geotech Technical Report {TR) No. $1-1, published on 10 January 1961.

Phases II, III, and V of Contract 41318 each included the recorded and evalua-
tion of seisinometric data at WMSO and modifications or additions to the
standard instrumentation in an effort to improve the detection capabilities of
the observatory. Phascs II, III, and V coveared the period 1 Gciober 1960
through 28 February 1963, and are desc-ibed in TR's 61-2, 62-8, and 63-54,
respectively.

Phase IV of Contract 41318 (TR's 61-6, 62-2, 62-3, 62-4, and 62-7) covered
the selecticn of site locations recommended for five additional seismological
observatories, thiee of which were built and operated under Project VT /1124.

Contract AF 33(657}-12007, Project VT /036, covered the period 1 March 1963
through 30 June 1964, and was essentially a continuation of the work done under
Fhases II, III, and V of Contract 41318. The work done under Contract 12067
is described in TR's 63-96, 63-111, 63-114, 63-124, 64-6, 64-13, 64-50,
64-52, 64-59, 64-103, 64-118, 64-122, and 64-123.

1.4 WORK OF CONTRACT 13562

The work under Contract 13562 was primarily a continuation of the work done
unnder Phases II, III, and V of Contract 41318, and can be subdivided into four
categories, as follocws:

a. Continued operxation of WMSO;

b. Evaluation of standard =nd experimental detection equipment in order
to provide a more efficient observatory;

TR 65-133 -2-




c. Testing and evaluation of new instrumentation;
d. Routine and special analysis of resultiug seismometric data.

The cdetailed work statement is included in this report as appendix 1.

2. OPERATION OF WMSO

2.1 BASIC OPERATION

2.1.1 Persounel Orgauization

Figure 1 is a flow diagram of the tasks performed by pers~anel at WMSO and
by WMSO suppovt personne!l in Garland. In general, personnel at WMSO are
responsible for the operation and maintenance of equipment and iterns 2 and 9
(figure 1) of the analysis and evaluation portion of the work. Responsibility
for items 3, 4, 5, and 8 of the analysis and evaluation portion is divided
between WMSO and Garland, and personrei in Garland are responsible for
items 1, &, and 7.

Figure 2 is the organization chart for Project VT /4054,

2.1.2 Array Orizsntation and Floor Plan of the Qbservatory

Figure 3 shows the orientation of the WMSQO array. The floor plan of the
obscrvatory is shown in figure 4; figures 5 and 6 show the instrumentation
that was included in the individual consoles at the end of the reporting period.

2.1.3 Operating Parameters and Tolerances for the Standard Seismographs

The cperating parameters and allowable deviations from these parameters are
show~ in tabie 1. These parameters are checked and reset, as necessary,
when the monthly frequency respense check is made. The calibration norms
and their respective tolerances for the frequency response checks are shown
in table 2, and the mean response characteristics of the WMSO seismographs
are shown in figure 7.

TR 65-1353 -3-
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Table 2. Calibration norms and tolerances for frequency responses
of seismographs at WMG&O

SP Johnson-Matheson vertical and horizontal

{ T A T.
cps {sec) R. M. (£ %)
0.2 5.0 0.0113 1¢. 0
0.4 2.5 0.0950 7.5
0.8 1.25 0.685 5.0
1.0 1.0 1.0 -
1.5 0.67 1.52 5.0
2.¢ 0.5 1.90 5.0
3.0 0.33 2. 12 7.5
4.0 0.25 i.87 12,0
6.6 0.167 1. 15 20.0

IB vertical and horizontal

{ T A.T.
cps {sec) R. M. {+ %)
0.1 10. 0 0.00375 20
0.2 5.0 U. 2248 15
0.3 3.3 0.0931 10
0.4 2.5 0.208 10
0.5 2.0 0. 364 5
0.7 1.43 0.675 5
1.0 1. 00 1, 00 Q
1.5 0.67 1,22 5
2.0 0.50 1.34 5
3.0 0.33 1,32 16
5.0 0.20 1. 19 i5
7.0 0. 143 1. 00 20

LP; vertical and horizontal, narrow response
{befor=z 4 August 1965)

f 2 AT,
cps {sec) R. M, (£ %)
¢.01 100 0. 046 c
¢.0125 80 0. 080 c
0.0167 60 0.170 c
0.02 50 G.270 c
0. 025 40 0, 440 c
0 033 30 0. 780 c
0.04 25 1. 00 c
0.05 20 1. 06 c
0.0677 15 0.690 c
0,10 10 0.135 c
———. Key
R.M. - Relative magnification b -
A.T. - Amplitude tolerance
& o

TR 65-133 -10-

BB vertical and ho-izontal

£ T A T.
ws {eec) RN, G%
C. 04 25.¢ 0.1:04 20 .
0.06 16.7 C. 350 20
0.08 2.5 0. 775 15
0.1 10.2 0.950 10
0.2 5.0 1.00 5
0.4 2.5 100 5
0.8 1.25 1. 0v -
1.6 0.625 1. 00 5
3.2 0.312 1. 00 13
6.4 0. 156 0.980 15

D, o~rtical and horizontal. wide respoune

f T A.T.
£ps {sec) R. M. {1 %)
3,01 100 0,246 20
0.90125 80 0.377 20
0.0167 60 0.589 15
0. 02 50 0. 745 15
0.025 40 0. 899 10
0.033 30 1. 06 5
.04 25 T.0e -
G.05 20 0. 822 7
0.6677 15 0. 506 15
0.10 10 0.173 30
0.142 7 b C

LP; vertical and herizontal, narrow response
{after 4 August 1965)

{ T AT,
<ps {sec) R. M. (£ %)
0.01 100 0.037 c
0.0125 80 0.370 c
0.0167 66 0. 170 c
0.02 50 0.280 c
0.625 40 0.490 c
0.033 30 0. 850 c
0.04 25 1. 00 c
0.05 20 0.81 c
0.0677 15 0. 320 c
0.10 10 0.¢30 c

Measurement due to interference
from microseismic background
noise

Tolerances not established
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Figure 7. Present normalized frequency responscs of
seismograph at WMSO
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2.1.4 Calibration of Test Eguipment

To maintain the desired operational specifications of the instrurnentation at
WMSGC, the station test equipment is sent to the Garland laboratory periodij-
cally for calibration. Calibrations are perfermed every 3 montns for the
function generator and the multimeters, and every 6 months for the remaining
test equipment. In some instances, calibration of the test equipment was
delayed when special tests were in progress at the observatory. The fre-
quency counter is calibrated at the station, using a reference signal from
WWV.

2.1.5 Shipment of Data to Seismic Data Laboratory (SDL)

WMSO magnetic-tape seismograms from 1 July 1964 through 31 October 1565
were shipped to SDL during this reporting period. Magnetic-tape seismo-
grams are shipped to SDL with the regular LRSM shipment of data about

15 days after the end of the month during which they were recorded.

All 16 mm film seismograms recorded at WMSO from 1 July 1964 through

31 October 1965 were sent to SDL. The 16 mm film seismograms and their
corresponding operating logs for the pPrimary and secondary SP, the primary
LP, and camera No. 4, are shipped to SOL about 45 days after the month
during which they were recorded.

2.1.6 Equipment Inventory

To simplify the task of maintaining accurate records of observatory instru-
mentation, inventory information is routinely stored on IBM cards. The
inventory system was established in February 1965. An IBM 407 tabulator
is used to print inventory data stored on cards. A typical page from a print-
out of the inventory is shown in figure 8. An up-to-date printout is sent to
each observatory each month so the inventory can be checked.

2.1.7 Addition of Chlorinator and Water Filter

During the previous contract period, the water supply at WMSO, Xetch Lake,
became contaminated with sediment and algal growth. Because this water wase
used in the processing units of the Develocorders, the quality of the 16 mm
film seismograms was unsatisfactory on s=veral occasions. On 20 August, a
more efficient water filter and a chlorinator to kil! the algae were installed at
the observatory. The chlorinator pumps a chlorin. colution into the settling
and storage tanks, thus eliminating any algai growth in the water. The

TR 65-133 -12-



WMSO EQUIPMENT

17EM DESCRIPTION MFR
SE1s SP VERTICAL GEOTECH
SE1S SP VERTICAL GEUTECH
SE1S SP VERTICAL GEDTECH
SE1S SP VERTICAL CEOTECH
SEiS SP VERTICAL GEOTECH
SEis 3P VERVICAL GEOTECH
SE1S P VERTICAL GEOTECH
SE1IS 3P VERTICAL GEOTECH
SEIS SP VERPTICAL GECTECH
skE1s SR VERTICAL GEOTECH
SEIS SP VERTICAL GEQTECH
SEIS 5P VERTICAL GEOTECH
SE1S SP VIRTICAL GEOTECH
SE1s SP VERTICAL GECGTECH
SE15 SP VERTICAL GEOTECH
SE15 SP HORIZNTL GEOTECH
SE1: SP HORIZNTL GEOTECH
SE1S 1B VERTICAL GEOTECH
SEIS 18 HORIZNTL GEOTECH
SE1S 18 HORIZNT GEVLIECH
SEIS 88 VERTICAL PRES EWING
SE1S BB HORIZNTL SPRENGNTHR
SE1S BB HORIZNTL SPRENGNTHR
5515 BB VERTICAL GEOTELCH
SEIS LP VERTICAL GEOQTECH
SElS LPE vERYICAL GEOTECH
SE1S LP VERTICAL GEQTECH
SE1S LP VERTICAL GEOTECH
SEIS LP VERTILAL GEOQOTECH
SE13 LP HORIZNTL GEQTECH
SE[3 LP HORIZNTL GEQTECH
Sels 5P VERTICAL GEOTLECH
SE1Y S VERTICAL GEOTECH
SE15 LP HORIZINTL SPRENGNTHR
SEls LP HCRIZNTL SPRENGNTHR
PTA TEST SET GEOTICH
PTA  w/-213GALYD CEOTECH
PTA w/=-2136G4L.VO GEOTECH
PTA W/=-213GALVO GEOTECH
PTA wW/-213GAL VU GEOTECH
PTA  N/=213GALVO GEOTECH
PTA  Ww/-213GALVO GEVTECH
PTA w/=213GALVC GEOTECH
PTA wW/-213GALVO GEQTECH
PTA  w/=-2136G4a-V0 GEQOTELH
PTA  w/-213GALVC GEOTECH
P14 wW/-213GALVO GEOTECH
PTA  w/-213GALVQ LEOTECH
PTA  w/=2136A4LLVD GL.OTECH
PTA  x/=-213GALVO GEDTECH
PTA  w/-213GALVO GELTECH
NTA M- GAL VO GEOTECH
PTA W/~ GAL VU GEDTECH

Figure 8.
"‘.
L]
I'R 65-133

31 OCT 65

INVENTOURY
MQDEL
6480 174
6450 177
6480 51
64850 59
6480 &L
6480 7C
6480 74
6480 59
5480 60
6480 226
6480 57
6480 149
5480 X73
5430 X74
Cadl A 39
7515 23
7515 25
10c12 S
87008 7
37003 33
666~
1830
1827
7505 14
7505 12
7505 18
Ehatel-]
11350 X303
75054 41
8700A 12
8700A 34
1051 &7
1051 95
1 05] 1691
1642
239230 KEHE
4300 532
4300 52
4300 £
4300 518
4300 =¥
4300 65
4300 60
4200 13
4300 54
4300 61
4300 551
4300 554
4300 2l
4300 88
4320 i0
4300 =53
4300 &3

-13-

13

Printout of the inventory

MFR SN JUANM  CUNTRACT 1D

43486 333
43456 336
4l31b 106
41318 109
41318 113
41318 107
41318 108
41318 114
41318 104
9521 5
41318 115
43486 305
4131

41338 108
4131c 77
12007 4
12007 =
9967 21
43486 364
43480 369

41354850
41318 13

41318 12
2521 2
43486 413
43386 4is

12007 13
7060 119
7660 118
26113 42
37735 12

37735 300
41318 34

12373

43486 450
41318 43

37739 419
43486 daz
41318

41316 a8

4131% a6
37735
41318 aq
41318 a7

43486 344
434656 346
3773> 417
37739

37735 242

43480 345
allle 65

LOCATC
wMO
wMO
FTe]
wMO
WMo
wMO
who
wWMO
WMo
wMQ
wMQO
WM
wMO
wMQ
wvQ
WMo
wMO
wWMQ
wMO
wMO
wMO
wWMQ
wMO
MO
w0
wMQO
wMO
wMO
wMQ
wWMC
w¥C
wMO
WMo
i Te]
wWMD
WM
Pule]
s MO
wMO
WMO
wMO
wMO
G
wMO
WM0
wMO
WMo
wMQ
wMO
w0
MO
WMo
WG




suspended sediment in the water is rcmoved by a three-stage filtration
svstem. The water is pumped from the storage tanks through an open sand
filter and a Culligan charcoal filter. A third ceraraic filter was pla:ed ia the
Develocorder feed lines to remove any small charcoa: particles that may have
been released from the second stage filter. The filters are hack flushed and
cleaned regularly. Since the installation of the new system, Develocorder
line clogging and 16 mm film scratching have been substantially decreased.

2.1.8 Recommendation for Buildiny Mcdifications

During Feliruary 1965, our Project Officer notified us that recommended
modifications and additions planned for the observatory building at WMSO
would not be made because of t' ¢ high cost estimate submitted by the Corps
of Engincers. To improve the cable entry into the ¢ xisting structure , the
numer »us spiral-four cablics from the amplifier building to the observatory
were replaced with multiconductor cable.
2.1.9 Security Inschtions

\
WMSO holds a Depal\i'tment of Defense SECRET facility clearance; consequently,
perioaic inspections of the observatory are made by Government gersonnel.
Early in July 1964, again in November 1964 and in March 1965, Mr. Joseph
Keltner, Industrial Security Svecialist, Central Contract Manzgement Region,
USAF, inspectel WMSO. The security precautions taken at the observaiory

were found to be satisfactory.

2.1. 10 Data Channel Assignments and Standard Operating Magnifications of
S:ismographs

In compliance with AFTAC specifications, each dz.a format is assigned a data
group number. When a data format is changed, a new data group number is
assigned to the new format. All of the data formats and their data group
numbers recordsda dnring the reporting period are summarized in appendix 2,
which also lists the trace identification codes used for the 16 mum fiim and the

ma:netic-tape seismograms recorded at WMS .

Standard operating magnifications were assigned tc each seismograph system
based on the microseismic noise level observed on the particular system.
After these standards were established, the magnifications of the seismo-
graphs were maintained within specified tolerances. The standard operating
magnifications and the magnification tolerances for each standard seismo-
graph are shown in table 3.
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2.1.11 Component Failures

A procedure for reperting component failures was adopted in December 1963,
and complete component failure data are availahle - .rting 1 January 1964.
A special IBM card (form 273) was designed for this purpose, ard detailec
instructions for reporting component failures on this card are given in

TR 64-59. We hoped that data written on this card at an observatory could
then be keypunched onto the same card in Garland. This proved to be
impractical because the design of the card does not allow data ent.red on the
card to be read while it is being punched. The data on form 273 are now
coded in Garland before being punched onto standard 30-column IBM cards.
The keypunched format used iu snowing these data is given in appendix 3 of
this report. This format includes the revisions given in the letter ceport of
17 March 1965 and, therefore, supercedes all other formats.

Some difficulties have been experienced in standardizing the data when trans-
ferring them from a written to a punched form. The following are among the
criteria that have been established to make the data consistent.

a. fGeneral Equipment (columns 9-12). The keypunch format is com-
prehensive enough te cover all items. The main difficulty has been the
differentiation between vobassemblies and major assemblies. The sub-
asvemblies in use at the observatories have been defined ond are listed in
appendix 3. If an item does not appear on this list, it is classed as a majo-
assembly.

b. Component Symbol or Description (columns 43-53). If Electriczal
and Electronic Refer.nce Designations in Military Standard 16C are meaning-
ful and iz common usage, these symbols are us~d. Examples of this are:

R for resistor; C for capacitor; DS for lamp; and V for vacuum tube. If the
:16C symbol is uncommon, the name of the component is spelled out (for
example, a galvanometer for which "GALVO'" is writteu). A complete list of
the symbols used in given in appendix 3. Mechanicai components are always
spelled outl and are preceded by an M in column 42,

c. Manufacturer's Part Number (columns 54-63). The part number
given in the pzrticular operaticn and maiutenance (O&M) manual is used,
except for items such as resistors and capacitors. For these items, the
actual value is recorded; for exampi=, a 25-microfarad capacitor rated at
200 volts dc is coded 25M200VDC.
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d. Compon:znt Manufacturer Code (columns 64-68). Some of the larger
manufacturers have federal codes for cach division. The common codes used
are listed in appendix 3.

e. Hours to Repair (columns 69-71), Every component is judged to
require at least 0. 1 hour for repair or replacement,

f. Time Tnoperative [columns 74-78). Care has been taken to allot
time inoperative to the item that caused the failure; all other items that are
rep aced are then given zero time inoperative. An example of this is the
failure of a lamp which causes a fuse to blow; the fuse is given zero time
inoperative.

g. If data are missing in an alohanumeric field, "XXX" is placed in
that field, left justitied. This can be combined with the component symbol if
that is known, for example, DSXXX.

Form 273 and the format were adequate for itemizing component failures at
the observatories; however, no means are provided for recorcing losses of
data when the failures of components are not involved. Typical exampies of
frequently occurring losses of this type are jammed film in Develocorders
and open lines caused by failure of lightning protection fuses.

A computer program, PROGRAM MISERABLE, was written to compile som:
of the component failure data storcd on IBM cards., Recording of the cards by
chservatnry, general furction, and subassemblies pertainin_ to a general
function {see punch card format in appendix 3} and transcription of the card
images onto digital magnetic tape are required before the data can be
nrocesced. When more data are accumulated, if it is necessary, we will
write a program for computer sorting so that the data stored on magnetic tape
can be updated at periodic intervals,

The program can handle 10 cifferent types of subassemblies and 25 different
components for each subassembly. It prints out data similar to those shown
in table 4, which gives an overall picture of the equipment malfunctions
experienced at WMSO from 1 July 1964 through 31 Octcber 1965.

A copy of this program was sent to the Projcct Officer and to SDL at the
request of the Project Officer.
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2.1.12 Adoption of New "Standard Operating Procedures"

The Standard Operating Procedures for Seismological Observatories (SCP)
was published late in June 1964 as part of Project VT /036.

The SOP is a comprehensive guide for the routine operation of a seismological
observatory. Facets of observatory operation are described in detail, except
for specific instructions (for example, instrument repairs) that have been
published in operation and maintenance {O & M) manuals.

The procedures set forth in the SCP went into effect at WMSO on 1 August 1964.
Publication of the SOP was designed te standardize the operation of WMSO with

that of the VT /1124 observatories

2.1.13 Revisiog__g)f Calibration Procedures

In June 1963, a request was received from AFTAC to review the proposed
AFTAC "Standardization of Calibration Procedures' for VELA-UNIFORM
observatories. These procedures were reviewed by the Geotech staff. As a
result, changes in the procedures were recommended in a letter report to
AFTAC dated 14 August 1963.

Early in October 1963, we received a copy of Seismograph Calibration
Standards, Project VELA-UNIFORM, AFTAC Technical Report VU-63-5.

The procedures were adopted on 10 October 1963, as requested by the Project
Officer.

In general, the procedures proved to o~ satisfactory for routine use. After
the observatories had been operated for 10 months using these procedures,
they were again reviewed by the Geotech staff. On the basis of this review,
changes in the standards and in the logs were recommended in TR 64-118 and
approval of the recoinmendations was -equested in a letter report to AFTAC
dated 26 Januaiy 1965.

Early in April 1965, we received a copy of Revision to Seismograph Calibration

Standards from AFTAC. This letter changed scme of the standards and logs
established in AFTAC Technical Report VU-63-5. As requested, the revised
calibration s‘andards were adopted on 6 April 1965.

The changes in calibration stancards foliow:
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a. In the monthly special calibration to check the irequency responses
cf the short-period seismograms, calibraticns at 8 cps and at 10 cps have
been deleted from the table of frequencies.

b. In the similar calibration for long-period seismographs, the calibra-
tion current may be increased by a factor of 5 at 0.1 cps and a factor of 10 at
0. 143 cps relative to the current at the other fraquencies.

c. In the daily calibration of leng-period seismographs, the table of
equivalent ground motions has been revised to include 0. 5 micron for magni-
fications above 45K.

The four calibration logs have been revised and examples of the revisions
were included in the final report of Project VT /1124,

2.2 CHANGES AND ADDITIONS TO STANDARD INSTRUMENTATION

2.2.1 Recommendation to Install an Additional Magnetic-Tape Recorder

Recommrendations for slow-speed magnetic-tape recorder at WMSO were sub-
mitted to the client. The recommendations were not approved.

2.2.2 Addition of Meteorological lnstrumentation

2.2.2.1 Microbarograph

A new dual-output microbarog.aph was installed at WMSO during the  atter
part of November 1964. The new system consists of the following components:

—

Capsule, Geotech Model 10741

Can, Geotech Model 10751

Microbarograph Calibrator, Geotech Model 19403
Oscillator, Geotech Model 10380

Discriminator, Geotech Model 10821

Filter Amplifier, Geotech Model 11982

Filter Amplifier, Geotech Model 12020

Power Distributor, Geotech Model 12322

Power Supply, Lambda Model C281-M.

S P P P

The can, capsule, calibrator, and oscillater are located in the LP walk-in
vault; the discriminator, filter amplifiers, power distributor, and power
supply are installed in the CRB.
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The can supplies a reference pressure, and the capsule senses differences
between the atmospheric pressure ind the reference pressure. A signal
generated by the capsule is converted to a frequency-modulated (FM) form by
the oscillator and transmitted to the discriminator where the I'lT4 signal is
transformed into analog torm. The resulting analog signal is fed to the two
amplifiers, which divide the signal intc high- and low-frequency bands. The
frequency-response curves predicted for the high- and low-frequency systems
are shown in figure 9,

The system is calibrated by two motor-driven bellows that produce sinusoidally
varying pressure changes in the closed transducer system. A tabulation of
pressure cﬁanges, attenuator settings, and Develocorder deflections is given
below,

Functions Short-period (MS) Long-period (ML)
Calibrator output 1.9 N/M? at 5 sec 6.8 N/M?2 at 120 sec
Filter amp attenuation position 5 position !0
Filter amp trim maximum maximum
Control module attenuation & dB 6 dB
Control module gain trim maximum maximum
Develocorder deflection 25 mm 5 20 mm 2
Approximate Develocorder 0.076 N/MZ 4 0.34 N/M®

e mm mm
sensitivity 5 sec 120 sec

Finzl calibration of the new systems was completed early in December. The
new and o:d systems were recorded simultaneously for comparison. An
example of this comparison is shown in figure 10.

On 7 Dece'rper, the new microbarograph becamne the standard instiument.
Operation of the old system was terminated and the system was returned to
Harry Matheson of the National Bureau of Standards, from whormn it had been
borrowed.

2.2.2.2 Wind Indicator System

A wind indicator system was installed at WMSO in October 1964. The system,
contains an anemometer, a wind direction transmitter, Texas Electronics
Model 616P, and a Wind Indicator, Geotech Model 18515. The wind indicntor
receives signa.s from the anemometer, wind-directic transmitter, and
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station timing systern, and multiplexes the wind speed and direction sigrals
in a time share sequence which is triggered by the 10 sec tim: signals.

This system provides a continuous monito: of the wind speed and direction on
a single Develocorder chan. »1. The wind speed is recorded by an upward
deflection of the trace for a 7 sec interval, fcllowed by a 1 sec baseline which
is, in turn, followed by a 2 sec downward trace deflection indicating wind
direction.

The wind indicator is adjustable and calibrated so that a wind speed of 5 mph
produces a 1 mm positive deflection. The direction indicator is calibrated
so that a 0 cr 8 mm negative deflection on the trace indicates that the wind is
from the sout. | and a 2 mm negative deflection indicates that the wind is
from the west. The calibration constarts are not step-functions, and inter-
polations are possible for all directions and speeds.

Thle wind-indication data as recorded on the WMSO slow-speed Develocorder
are shown in figure 11.

2.2.3 Installation of New Broad-Band Vertical Seismometer

As reported in TR 64-118, the Press-Ewiug seismometer, when operated ii

a flat-velocity broad-~band system, exhibited a high-frequency '"ringing"

during periods of high wind. This ringing was attributed to resonance of the
seismemeter spring at about 10 cps. To alizviate this adverse effect, a
Geotech Long Period Vertical Seismometer, Model 7505, was installed in

the system, to replace the Press-Ewing seismometer. This crange eliminated
the spring recsonance problem and improved the magnification stability of the
vertical component of the broad- band system.

2.2.4 Modification of Line Termination and Data Control Modules

Changes were made in the Line Termination Modules, Models 5874A and
5874B, of the intermediate-band (IB) vertical and the three-component bronad-
band (BB) systems. In these systems, the 300-ohm damping potentiometer did
not have sufficient resistance to properly damp the seismograph. To correc
this, a fixed resistor was added i seriec with the potentiomreter. The systemns
that were altered and the approximate values of the resistor used follow:

ZBB 2 Kohm
NBB 2 Kohm
EBB 2 Kohm
ZIB 0.5 Kohm
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The Data Control Module, Mode! 379248, used in the total summaiion system,
£T, did not permit a high enough operating magnification. To remedy this, a
2 J-ohm resistor was placed in parallel with the 360-ohm fixed resistor to

l¢ ver the input impedance and thereby increase the gain. Modified modules
have also heen used in the operation of experimentzal systems.

2 2.5 Develiocorder Modifications

2.2.%. 1 Transport System

During the previous contract period, four Develocorders were modified by
installing torque motors fur the film take-up and by replacing the nld film
tension drive system with a newly designed bearing-block assembly. The
mroodifications have resulted in a reduction in the ioss of data caused by the
film working out between the follower roller and the {ilm transport tension
roller and causing a film jam. The new torque motor has caused some prob-
lems, however. With the take-up control set to a fast-forward speed, the
inertia of the Universal traversing transport motor is so high that the micro-
switch arm cannot be adjusted to stop the film: before the motor pulls the
film z.ad causes a slippage at the tension-drive roller. The film slippage
resultzd in chort data skippages on the filn. Ry careful alignment and speed
adjustment, this problem has been largeiy eliminated.

Another mcdification was made to the Develocorders as a result of the installa-
tion of the new torque take-up motor. Because the limit-switch arm had to be
forced back against the film to start the film reverse and thus cause film slip-
page at the tension drive roller, the limit switch was wired so that it controls
the forward drive only. The reverse mode is controlled by the film transport
switch only.
The benefits of this modification are:

a. Spiking caused by the take-up motors has been eliminated,

b. The film rune off the rollers less often.

Preliminary evaluation cf this rnodification indicates that it is satisfactory if
. e transport motor speed is adjusted carefuliy.
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2.2.5.2 Processing Units

The Model 16041 recording kits, whic aclude the new type processing nnits,
were installed in the WMSO Develocorders by the chservatory personnel.

The new fluid applicator-type processing units are superior to the old tvpe
units primarily because they have no moving parts. Maintenance, on the old
process motor and chemical build-up on the gear and shaft assemblies, have
been eliminated. The new units provide a thicker mcniscus which improves
the quality o1 the processed film.

The operation of the slow~speed Develocorders is especially enhanced because
the build-up of silver deposits on the applicators has been reduced, thereby
requiring fewer interruptions of recording for cleaning purposes.

2.2.5.3 Date Timers

In 1965, all Develocorder date timers at WMSO were r odified to convert them
to Model 4800A's. This modification consists of replacing the high-voltage
flash tubes with a more reliable low-voltage incandescent lamp, replacing the
old power supply avnd installing a new wiring harness assembly.

The WMSO date timers were sent to the Garland laboratory for the modifica-
tions. After modification, the date timers were checked for a 48-hour period

to assur. proper operation before returning them to WMSO.

initial evaluation of the modified units indicates that the reliability of the date
timers has been increased significantly.

2.2.6 Additions to Test Instrumentation

During the reporting period, several new test instruments were purchased for
WMSQO. Some of these items are additions to the instrumentation and others
are replacement units. Following is a list of the new instruments purchased.

Frequencv Counter, General Radio Model 1151AR
Portable Oscilloscope, Tektrcnix Model 321
Megohmmeter, Associated Research Model 210
Cable Test: Set, Stewart Brothers Model A

Magnet Charger, Geotech Model 1601
Resistance-Capacitance Bridge, Eico Model 950BW

These units were selected to increase the eificiency of the test and maintenance
programs at the observatory.
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2.2.7 Modification of the Long-Period Seismographs

A program to modify t > LP system was 1nitiated during this reporting period
as a continuation of the long-period improvements made in the first 6 months
of 1964 and reported in TR 64-118 The program generally involved three
basic goals: ’

a. To reduce the system noise so that higher magnification can be
attained;

b. To coperate a three-component seismograph (LP5) whose frequency
respons=z is the inverse of the rcise (narrow response} to allow maximum
magnification iz the band from '0 to 40 sec where a large numher of seismic
signals orcur;

c. To study the nonseismic noise and seismic signals at periods longer
than 40 sec by operating a three-component seismograph {LP ) with a fre-
quency response that will emphasize the longer period signals (broad responsej).

Four main modifications were made ¢o reduc. 7stem noise. A new long-
period vertical seismometer was installed, improved convection shields were
installed, the long-period vault was sealeJ, and the phototube amplifiers were
transferred to the long-period vault. These modifications, together with two
others required for the simultaneous operation of the LP; and LP2 system:s,
are discussed in the fo’ ~wing paragraphs.

2,2.7.1 Installation of the New Vertical Long-Period Seismometer

In September 1964, a Long-Period Seismometer, Model 7505A, was installed
as the ve-tical component of the three-component long-period system. The
seismometer incorporates features designed to reduce the noise output of the
instrument. These features include an improved method of sealing the case,
copper-to-copper connections in the data circuit, and a dual coil «nd magnet
assembly to eliminate piston effects. Both the natural frequency and mass
position of the seismometer have proven to be very stable., The Long-Period
Seismometer, Model 7505, which was replaced, was installed as the vertical
component of the broad-band system; it replaced the vertical Press-Ewing
seismometer.

2.2.7.2 Installation of the Dual-Output Phototube Amplifier Pov zr Supplies

In December 1964, three PTA Power Supplies, Model 14486, werz installed
to provide dual outputs for the long-period system. These power supplies
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feature more stable voltage regulating circuits which are helpful in eliminating
power line transients. One channel of each unit, incorporating 6824-2 filters,
was placed in operation to record the normal broad response long-period data
(LPj}). The rernaining chanuels, incorporating 6824-15 filters and external
filter amplifiers, were placed in service in February 1965 to record the
narrow response long-period data (LPjp)

2.2.7.3 Design and Installation of Improved Convection Shields

Farly in 1964, plywood convection shields were installed over the iong-period
seismometers to protect the instrumenis from air currents in the vault. As
reported in TR 64-118, a significant noise reduction was observed onthe seis-
mograins produced by the horizontal components.

To provide an environment with better therrnal stability, convection shields

with an improved insulation characteristic and better air seals were constructed
of styrafoam. The first of the new convection shields provided to the observa-
tory was installed in A»ril 1965. Reco:ded data indicate that the new convection
shields provide adequate protection for the Jonp-period seismometers.

2.2.7.4 Sealing of the Long-Period Vaalt

In March 1965, system noise was reduced by sealing the long-period vault to
isolate the seismometers from pressure fluctuations. A marine door with a
rubber gasket was installed to seal the access to the vault, and sealing com-
pound was used to eliminate leaks around the base of the pier. Fittings were
installed so that a gauge and air compressor could be connected to check the
time constant of air leakage and assure that the vault was sealed.

The installation of the pressure-tight docr resulted in 2 ieakage-time-constant
of 67 minutes. After additional sealing compound was applied around the base
of the pier, a time-constant in excess of 2 nours was measured,

Controlled tests werce conducted in May to determine the effect of vault sealing
on system noise induced by atmospheric pressure fiuctuations. These tests
indicated noise reductions of approximately 3 dB on the horizontals 2nd 1 dB on
the vertical component of the LP system during periods of 15 mph winds,
Because vault sealing had eliminated the direct effects of atmospheric pressure
fluctuations on the seismometers, the primary cause of the noise remaining cn
the horizontal traces during windy periods was attributed to the effects of
atmospherically induced disturbances in the mound covering the vault and in the
surface of the earth close to the vault.
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2.2.7.5 Transfer of the Phototube Amplificr to the Long-Period Vaelt

In June 1965, one of the Phototube Amplifiers, Model 5240, was moved from
the PTA room near the CRB to the long-period vault. This change reduced
the susceptibility of the system to lightning damage and eliminated the trans-
mission of the low-level data signal through long field lines. The other long-
period PTA's were left in the PTA room for use as standards for comparison.
After problems with the power and ground circuits were solved, the seismo-
grams produced through tie PTA located in the vault proved to have “ewer
power spikes and less noise. The other long-period PTA's were moved tc
the vault in August 1965.

2.2.7.6 Activation of the Dual Response Long-Period Seismograph Systems

To make the LP} and LP; szismographs operative, dual-output power supplies
and a filter amplifier were installed as shown in figure 12. The filter ampli-
fier is an engineering model consisting of commercial operation amplifiers

and asscciated resistive-capacitive networks. This unit provides dc decoupling
in addition tc the prescribed filter parameters. A study has revealed that a
Geotech Amplifier Module, Model 23403, can be readily modified for use as a
long-period filter amplifier. 1 We reccunmend that a modified amplifier
module of this type be used in future LP3 sysiems.

The twc outputs for each seismograph wece filteired differently to provide the
LP; and LLP) responses. The LP system was placed in service at 50K
magnification in February. As indicated by the seismogram in figure 13, the
magnification of the LLP2 system was limited by the amplitude of the 15 sec
microseisms. A medification to the filter amplifier was made to reduce the
response of the LP, system at 15 sec. When this modification was completed
in August 1965, the system magnification was increased to 100K, All three
components continued to operate at this magnification for the remainder of the
contract period. The frequency responses of the LP2 system, both before and
after modification ot the filter amplifier channels, ar: shown with the response
of the LP, system in figure 14. Long-period seismograms showing typical
background noise recorded during a calm period and during a period of gusty
winds by both the LP ) and LP? systems are shown infigures 15 through 18.

1This amplifier is described in saction E of the Basic Data Manual unde:
Signal Control Center, Model 22602.
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Figure 12. Block diagram for the three-component dual-cutput long-period

seismograp).s at WMSO
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2.2.8 Installatior of Tciemetry Equipment

During this reporting period, errangements were made to initiate the
transmission of seismcrnetric data to MIT Lancoln Labs in Cambridge,
Massachusetts Telemetry equipmesnt was obtained from TFSO and ‘nstalied
by reprcsentatives from MIT. Data vere telerietered from the six points
and also the center o the Star-of-David array at WMSO beginning

30 March 1965. -

On 4 August 1965, a representative from MIT visited WMSO and ramoved
three oscillators from the telemetry equipment.

From 310 March to 4 August, the data telemetered were from 21, 724, 217, Z19,
411, 212, and Z13; and from 4 August to the end of the contract perlcd, data

from 27, Z10, Z11, and 212 were telemetered,

2.2.9 Modification of Power System

During the week of April 11, the following changes were completed to upgrade
<he instrurentation power systems at WMSO:

a. The battery systam was converted from the preseat positive ground
system (-12, -24 vgits with respect to ground) to 2 moure versatjle system
that has a nlus and minus 12 volts with respect to ground, Two battery cells
were added to the battery bank, thus converting the 18-cell bank to the more
standard 20-celi bank

b. A new Dc Regulator, Model 21427, was installed to regulate the
voltage of the power which is supplied (o the timing systems ané other critical
instruments, This regulator wili allow enough voliage to the batteries to
charge them to 100-percent capacity without exceeding the input limits of
critical instruments. The regulator is shown in figure 19, The specifications
for the regulator are given in ippendix 4.

c. A highly efficiert Ac Voltage Regulator, General Radio
Model :570ALK, which was avaiiable from the VT/1124 contract, was instalied
to regulate the power generaizd during emergency operation and to supply addi-
tional regulzted power under norma, conditions. These regulators have pro-
vided satisiactory performance at other ovservatories and in the LRSM
pregram for several years.

TR 65-133 -40-

SNpp—



-

o

a0 FAD

aojen8ax op tenyg 4 @andry

5-133

2

g :
[ I sl

m.
I
N.
i
]
|
w




d. A 2 kVA Sola constant voltage transformer was installed to prevent
overloadirg of the present 3 kVA Sola. “his wil] allow both magnetic-rape
recorders tc be operatzd on regulated power. The 3 kVA Sola is used to
powser only wi- two magnetic-tape recorders. and the 2 FVA Sola is used to
power the ¥ TA’s and cevtain instruments in the console.

e. The power circuits were modified so that oniy the priinary and
secondary fast-speed Develocorders are operational during emergency power
conditiors. 'This prevents overlozding the dc-to-ac inverter znd inc-eases
the time that battery power is available for emergency operation. Because
we plarned to move the long-period PTA's to the leng-period vault where
commercial power is available and because we believed that any power system
using & field tine from the CR to the vault would be lacking in reliability, these
units are powered from the commercial line. Since the long-period PTA's at2
inoperative during a commercial power failure, the long-period Develocorder
was riot connertad to the emergency power system,

These chanpes provide increasad flexibility of power distribution and better
protection of each power circuit provided to operate the observatory equipment,

2.2, 10 Installation of Timing System, Modzl 19900

A new Timing System, Modei 19002, and Powe: Amplifier, Model 22183, were
instalied at WMSO in Febraary 1965. The Model 5400 timing 4nit, which was
replaced by the Model 19000, was transferred to Montana for use in the Large
Aperture Seismic Array (LASA) project. An evaluation ¢ the new timing
system :s includec in seciion 3.8,

2.2.11 Replacement of Record and Plavtack Heads tor ticreywell Tupe
Fecorder

In March 196°. new record and playback heads for the rlonevy vell recorder
were installed, and the old heads were returned to Garland

When the new heads were installed on the recorcer, there was no significant
change in the recorder roise level. Between 0. 005 and 0. 003 inzn of head
we2ar was observed on the 0ld heads, A check with the manufacturer revealed
that the initial gap depth was 0. 009 to 0,010 inch, and that heads are actualiy
useable until the gap depth approaches zero. Thir indicates that after
resurfacing, these heads should have from 6 monchs' to 2 years® additional
life for use as replacement heads, '
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Ihe resurfaced heads were loaned to Tex s Instruments so they could be used
at CP30 wlile the tave recorder heads there were being resurfaced.  They
had not bzen returnea to us at the cicse of the reporting period.

£.2.12 Redesign of the PTA Test Set, Model 22930

Mcedification of the PTA tect set, as described in section 2.6 of TR 64-118,
was completed, and a test sel was delivered to WMSO sor field testing in
July 1965, After a period of testing, identifical units were constructad-and
oupplied to other observatories. Specifications O>f the test set are given in
appendix 3 of TR 65~52.

2.2.13 Modification «f 3 cps Galvanometers

Three 3-cps galvanometers were modified under Project VT /4054, and field
tests were begun at BMSO under Project vT /1124 as part of the evaiuation of
the pulse-cancellation method . scismograph calikraticn. The galvanometers
were roodified so that their free period could be aajusted within a +£10-percent
range without removing the galvanomn~ter from the PTA. The modification
was accomplished by extending a period-adjustment mechanism through the
galvanomecter top cap. An escutcheon was cemented on the cap which indicates
the relative resonant frequency. Figure 20 shows the modified galvanometer.

2.

[o]

. 14 Modification of Ligataing Protection Svstcm

Damage caused oy lighining Lias been one of the major reasors for loss of data
at the observatories. When WMSO wase installed. lightning protection was pro-
vided by the typiczl telephone protection system of carbon blocks and fases.
Additional protection was provided at the input to the PTA galvanometers by
back-to-back diocdes across the conductors. Damage was often due to the
breakdown of only one of a pair of carbon blocks. The electrical imbalance
thus produced caused severe rotation of the galvanometer coil or damage to
the circuit. The loss of a line fuse would resuilt in a loss of recorded data
until the fuse had becn replaced.

We decided that the protection for the present equipment should be improved
and that, if practical, this protector should alsc apply to future equipment
such as solid-state clectronic amplifiers. The United Kingdom Atomic
Energy Authority (UKAEA) uses solid-state electrouics in their arrays, and
experiences considerable outage times because of lightning. The problem is
that, for solid-state circuits, a lightning protector must operate more
quickly chan a transistor will fail. We asked UKAEA if the difficulties had
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been overcome. They replied that they had adopted a protector which is
made by Associated FElectrical Industries, Ltd. (AEI). Thic device is a ‘
threc-electrode gas-f-lled telecomraunications line protector (AEI type 16)

designed tor the telephone industry. ‘

The protector was said to have the following characteristics:

a. A protector gap is placed across a pair of lines and from each side
f the line to ground.

b. It has a fust operating time between i0C and 300 millimicroseconds,

c. It has low vaiues of arc-over voltage. For examgle, AEI type 164
has a striking voltage between 150 and 350 volts, which is iower than is
practicai with air-gap protectors.

d. The protectors will cperate many times before attention or replace-
ment is required,

e. The protectors are rugged and zre of high insulation resistance (no
mention was made of possible ncise-producing properties).

Some AE] type 16 protectors were purchased for tests and evaluation in
Garland and at WMEO. These tests showed that this type of device would be
an improvement over the conventicnal carbon-block and fuse protector

A search was made for a protector simila» to the AEI type 16 protector.

Some 35 American manufacturers {or their local representatives) were con-
tacted. In essence, we asked for:

"Devices to replace the conventional carbon-block protector.
We are paricularly interested in spark-gap, or ionization-
gzp discharge tubes for discharging line potentials to ground.
We wish to protect balanced pzirs of lines (between one-third
and three miles in length) having solid-state (or similar)
circuits at either end. "

Some of the companies did not reply to our requests for a quotation. Of these
that did reply, most offered twn-electrode spark-gaps. We think that one of

the most valuable features c¢f the AEI type 16 protector is the almost simulta-
neous operation of the three gaps during a discharge. Also, three 2Z-electrode
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g2ps would be required to provide similar protection. Wi, therafore, rejected
those companies offering only twc-electrode gaps,

This narrcwed the field to Bendix, Dale, Sylvania. and Joslyn. The Bendix and
Dale protectors were not far beyond the exnerirnental stage, whereas the AFI
protectors had been in use for some years. The three electrode devices
offered by these manufacturers were at least 10 times the price of an AEI unit.

An additional prospective vendor was Siemens {Americzj Inc. Siemens manu-
factures a very inexgensive {approximately $1-$2) two-electrode protector in
Western Germany., However, three would be required to sinulace the AET
protector and a suitable mounting did not seem to be readily available,

Following the trials and experiments described in sectiou 2. 2. 15, the AEIL type
16A protector was adopted as the standard protection device at WM30O. The
following modifications were made to Geotech-manufactured equipment to
incorpurate the new protector:

a. Station Protector, Model 7148, was converted to Station Protector,
Model 7148B. This unit contains 40 AEI type 16A prote :tors offering protec-
tios to 40 pairs of conductors entering or leaving a station

b. Vault Protecter, Mode) 8399, was converted to Station Proctector
Model 8399A. This unit contsins 20 AEI protectors,

The Lighining Protectors, Reliable Electric Model 2000H, used in the Vault
Protector, Model 11875, were replaced by the Lightaing Frotector,

Model 25122, in which the AEI device is used. As before, the Model 11875
protecicr protects the data and calibraiion coil of a seismometer,

Specifications and drawings have been completed for these new models.

2.2.15 };J_i_g;htnin_g Frotecrion Experiments

During the experimental testing of AE] protcctors at WMSO, we found that the
use cf this protector was definitelv 2 guccessful step towerd improving the
lightning protection of observatory equipmenct, However, a review of the
redults revealed thai additiona imiprovement is dzsirable in the proteccion of
the PTA galvanometers used in short-per-od seismograpns. The protection
equipment used to protect these galvanometers iz similar to that used to pro-
tect other equipment except that diodes are placed across the line between the
protector and the PTA input. In spite of the use of these dicdes, galvanonieters
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were occasionally flipied {overdriven and mirrors hung behind their stops) or
damaged. When the carbon block protectors were raplaced with AEI protec-
tovs, the number of cccurrences of flipped or damaged galvanometers was
censiderably reduced but not eliminated. The resvits of snme axperiments
conducted to evaluate the galvanometer protection system follows.

2.2.15,1 Protector Diodes

Type X5AZ diodes were oviginally installed at WMSO; type IN20069 and Fé
diodes, which are identicel to the type X5A2 diodes, were installed at BMSO,
UBSG, and CPSO. The specificaticns for these diodes requirz that they have
negiigible insertion loss and act as a high resisiance under all normal signal
conditions.

Diodes presently used in protector systems in ihe field were requested for
test purposes. Those sent in were:

Type IN2065 from BMSO, approximately 1 vear old
Type IN2611 from T:'30
Type X5A2 and type F6 frcm WMEC, approximately 4 years old

These diodes were checked on a curve tracer and cornpared with new IN2069
diodes. The voltage at i current of 0.00]1 ampere was about 0. 550 volt for all
diodes that vere undamaged., Extensive field use had not impaired the high
resistance up to the "iznee' at abour 0. 450 velr,

The operating delay time of the IN20(:9 dic ue was measured by applying pulses
across the diode using a pulse generator. A mean cperating delay time of
about 0.1 microseccnd was raeasured.

2.2.15.2 Gas-Filled Protectors

The breakdown voltage of several of the AEI type 16A protectors was checked
and found to ce 159 volts, the lower end of the range qucted by the manu-
factarer., A lo-microfarad capacitor, charged to 1600 volts, was repeatedly
discharged across the prctector The protectr:r was undamaged and retained
the 150-volt hreakdown characteristic.

AEI protactors were placed at each end of the data line for a long-peviod seis-
mograph at WMEFO, The 16-microfarad canacitor, charged to 1660 voltz, was
repeatedly discharged into the line. None ¢f the selsmograph equipment was
damaged, and no measurable increase in the systern noise level was noted.
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Various experiments were performed at WMSO on a short-period PTA
protected by an AEI protector and diodes. The l6-microfarad cavacitor,
charged up to 1600 volts, was discharged between conductors and from con-
ductors to ground without damage to the galvanometer.

‘The protection of the AEI protector was compared to that of the typical carbon-
block type protector, hoth without diodes In this test, the l6-microfarad
capacitor, charged to 1600 volts, was dischaiged across thc data line with the
PTA attenuator at various positions and the galvanometer was replaced by a
piece of galvanometer suspension wire, The AEI protector proved satisfactory
at all PTA attenuator settings, but with the carbon-block protector, ths wire
failed at -12 dB. This indicates that the additional protection «tforded by the
AFEL protector allowed at least twice the voltage to ke applier: u~ross the liae
without damage to the seismogvaph systern.

We examined three AEI nrotectors that had been returned from W.ASO after

the galvanometers that they were protecting had been damaged. The operating
delay time of the second gap upon the etriking of the first gap and the break-
down voltage were measured, again using the l6-microfarad capacitor charged
to 160G volts, The mean operating deley tim~ was found to be about 2, 5 micro-
seconds. This is higher than the manufacturer's rpecified value, which may
have been based on high input voitages. The >reaklown voltage was approxi-
mately 150 volts for each unit.

2 2.15.3 Conclusions

a. The IN2069 diodes in use arc probably as good as any available.
Dicdes with larger current-carrying capabiliity may cffer the same advantage,
but the important poiut is to reduce the value at which the knee occurs.
Unfortunately, this is a characteristic of diodes and it rests at about 0. 450
volts,

b. The AEI protector definitely provides better protection than does the
carbon-block-type protector.

c. The vazse of the flipping of the galvanometers is still not known;
laboratory tests to find the cauze were unsuccessful. It is probable that the
experimental procedures did not adeguately simulate field -onditions.

Results of field operation at WM30 nc recommeacations for further experi-

ments designed to solve the remaining probleras are given in section 3 of this
report,
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3. EVALUAT1Div OF STANDARD INSTRUMENTATION A1 WMSO

3.1 QUALITY CONTROL OF WMSO SEISMOGRAMS

3.1.1 Sixteen-Millimeter Film Seismograms

Short-period and long-period 16 mm film seismograms and the completed
analysis sheels are routinely checked and critiqued in Garland on a random
basis. Followiny is a list of the major items that are checked by the quality
control analrst:

Neatness and completeness of filrn box markings;

Q)

b. Cormuleteness, accuracy, and legibility of calibration and operation
logs:

c. Quality of the overall appearance of the record (for examvle, trace
spacing, trace intensity, proper film procéssing);

d. Completeness, accuracy, and legibility o. the data entered on the
analysis form.

When the quality control check has been completed, a critique, the seismo-
grams, the logs, and the analysic sheets are returned to WMSQO for review cy

observatory personnel,

.1.2 Mag" ~tic-Tape Seisrmograms

Recutine quaiitt control checks of randomiy selccted magnetic-tape seismograms
‘rom each magnetic-tape ;ecorder at WMSO are made in Garland to assure that
the reccrdings meet specified standards, Following are some of the items that
are checked by the uality control group:

Tape and box labeling

Accuracy, completeness, and neatness of lugs

Adequate dscumentation of logs by voice comments on tape
Seismograph polariiy

Level of calibration signals

Relative phase shift between array seismographs

Level of the microseismic bachkground noise

Level of the system noise

TR 65-133 -49.




D¢ balance of PTA

Oscillator alignment

Quality of the recorded WWYV signal
Time pulse carrier

Digital time marks

3.2 CALIBRATOR MOTOR CONSTANTS
3,2.1 Determination of Seismograph Motor Constants

The motor constants {G)Z are determined by comparing the seismogram trace
deflection preduced by manual weight lift and deflections produced by pulses
generated by de¢ currents of known value, Weight lifts are made with the
smallest practical weight with which a high signal-to-noise ratio can be
obtained. The smalles: weight used on any of the seismographs is 0.2 gram;
however, except for the short-period Johnson-Mathkeson (IM) seismometers,
larger weights are used when necessary because of the level of the background
noise,

The 0.2-gram weight was specified for use on short-period JM seismographs
because it is the smallest weight that could be iifted manuaily without introduc-
ing significant error, and because the leve! of dc current required to produce
trace deflections, equivalent to the deflections produced by larger weights,
falls within the nonlinear range of the calibration actuator used in the JM eeis-
mometers at WMSQO. A new iype of libration actuator that is linear over a
greater rarge of dc currents is no~  ailable for the JM seismometer., Tesis
of this calibrator, conduatcd at WMSO, are discussed in s~ction 5. 1.

The motor constants of the calibration actuatorse of zll seismographs were set
to their specified values when the s2ismographs were installed in 1962. Since
Movember 1963, the motor ronstants of the shost-period array instruments
have heen deferrnined annually, and the motor constants of the seismogrzpas
in the three-compenent systera have been determined seiniannually. Calibra-
tor motor constants were aiso determined when seismormeters were replaced
o1 repaired and for special tests,

The rnotor constant "G" is defined as the force in newtons exerted on the
mass per ampere of current pacsed through the calibrator coil.
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All of *he “otcr constants which have been determined at WMSO from 1962 to
Octobew 1965 are given in table 5. Percentage changes are shown for motor
constants which were determined during this contract period.

3.2.2 Stability of Motor Constants

As a routine procedures, the calibration actuators of all short-period seismom-
eters were degaussed ufter severe thuaderstorms and prior {o checking their
motor constants. ‘These procedures were develcped under Project VT/036 and
are described in TR 64-118. The increased stability in G gained by this proce-
iure is shown by comparing the average G change 'vhich cccurred before the
initiation of degaussing orocedures with the avcrage G change obtained after-
ward. The average G change for the short-p:riod seismometers prior to using
degzussing procedures was 5,9 percent. The averagc C change incurred zfter
the incorporation of degaussing has besn 2.9 percent.

Figure 21 is the frequency distribution of the absolute value of the percentage
deviation nf G from the previous G for the 47 determinations made at WMSCO
during this contract period. Ths data from these determinations shows that
64 percent of all the motor constants changed by less than 5.9 percent duiing
the 16-rnonth interval and that 78 percent of the short-period motor constants
changed by less than 4.0 percent during the same period.

3.3 LIGHTNING PROTECTION

3.3, 1 Summary of Lightning Damage at WMSO from July 1964 thrcuvgh
Octobher 1955

—

During this contract period, 73 lightning storms occurred at WMSO. Many of
these storms resulted in a loss of data because of damage to the ‘nstrumenta-
tion at the observatory., Table 6 shows the time distribution of the storms
and the resulting damage to the equipment. In addition to the equipment
damage, data were lost 6) times because of blown fuses and/or flipped galva-
nometers. Data were also lost or degraded on numerous other occasions due
to shorted, or partially shorted, carbon blecks.
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Table 6. Summary of electrical storm activity and resuiting damape
to observatory instrumentation

1964 1963
Jul Avg Sep Oct Nov Dec Jan Feb Mar Apr May Jur, Jul Aug Sep Oct Tetals

Stormns & 6 3 2 4 ] 0 1 | 5 5 6 7 i5 i1 2 73
Damaged 2 4 H 3 0 0 0 1 0 1 1 2 4] 0 G 4 15
gaivanometers

Flipged S & S 3 1 ) 1 0 3 2 5 ¢ 2 2 1 38
galvanometers

Burned fuses 2 9 1 5 2 0 0 0 0 0 1 0 0 2 1 0 23
Damaged PTA 0 2 0 0 0 0 0 0 U 0 44 0 ¢ 0 2] 0 2

power supplies

3.3, 2 Comparison of the Effectiveness of the Lightning Pretection System

Befeore and After Modification

Because lightning intensity varies from one storm to another, meaningful com-
parisons between different iightning protection systems are difficult ic make.
Table 7 lists the lightniag activity and resuliing damage to instrumentation for
the sarne monthks during 1964 and 1965, E<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>