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ABSTRACT 

The operation of the Blue Mountains Seismological Observatory,   Cumberland 
Plateau Seismological Observatory,  and Uinta Basin Seismological Observatory 
between 1 July 1963 and 30 April 1965 is discussed in this report.    Modifications 
and additions to the observatory instrumentation are described and tests to 
improve the operation of the observatories are reported. 

Also discussed in the report is the progress of special investigations designed 
to evaluate and improve the detection capability of the observatories. 
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OPERATION OF THREE OBSERVATORIES 

Final Report.  ProJ3ct VT/ll24f   1 July 1963 through 30 April 1965 
and 

Semiannual Report No.   3,   1 July 1964 through 30 April 1965 

1.    INTRODUCTION 

This is both a final report of the work done under Project VT/1124 from 
1 July 1963 through 30 April 1965 and a semiannual report of the work of 
the project between 1 July 1964 and 30 April 1965.    Because of the partiaj 
coincidence of reporting periods,  the two reports have been combined. 
Project VT/1124 includes the operation,  evaluation,  and improvement of 
the Blue Mountains Seismological Observatory (BMSO),   Cumberland Plateau 
Seismological Observatory (CPSO), and the Uinta Basin Seismological 
Observatory (UBSO).    BMSO,   CPSO,  and UBSO are located near Baker, 
Oregon; McMinnville,   Tennessee; and Vernal,  Utah: respectively. 

1. 1   AUTHORITY 

Authority for the operation of BMSO,   CPSO,  and UBSO from 1   July 1963 
through 30 April 1965 was contained in Contract AF 33(657)-12373, 
Project VT/1124,   'operation of Three Observatories, " dated 1 July 1963, 
and in five supplemental agreements.    The Air Force Technical Applications 
Center (AFTAC) has technical supervision of the contract as part of Project 
VELA-UNIFORM,  which is under the overall direction of the Advanced 
Research Projects Agency (ARFA). 

1.2   PURPOSE OF BMSO,   CPSO,  AND UBSO 

The purpose of BMSO,   CPSO,  and UBSO is multifold.    First,   seismometric 
data are recorded,  analyzed,  and reported to the United States Coast and 
Geodetic Survey (USC&GS) daily,  and the standard instrumentation of the 
observatory is maintained and continually evaluated.    Second,  the VT/1124 
seismological observatories are used as field laboratories where newly 
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developed instruments and techniques are field tested and evaluated to 
determine their usefulness at an observatory.    Third,   the data recorded 
at the VT/1124 observatories are studied in an effort to improve and refine 
earthquake detection and source-mechanism identification capabilities. 
The recorded daf-a are also made available to groups and individuals out- 
side the VT/1124 framev.ork for use in their investigations. 

1. 3   HISTORY OF PROJECT VT/1124 

The three seismological observatories operated under Project VT/1124 
were constructed under Contract AF 33(657)-7185.    Site selection and 
noise surveys for each observatory were accomplished by The Geotechnical 
Corporation; the final decision on locations for the observatories was 
made by AFT^C.    Texas Instruments Incorporated (TI) was responsible 
for the construction of all physical facilities. 

Contract AF 33(600)-43486, issued to TI,   contained the authority for t 

equipping and operating the observatories.    The instrumentation was supplied 
by Geotech and was installed under the direction of Geotech personnel under 
subcontract to TI.    The observatories became operational on the following 
dates: I 

Observatory Operational date j 

BMSO 13 August 1962 
UBSO 26 November 1962 t 
CPSO 22 December 1962 

1.4   WORK OF CONTRACT 12373 

During the 22-month period from 1 July 1963 through 30 April 1965, the work 
of Contract 12373 was very similar to the work performed at the Wichita 
Mountains Seismological Observatory ..WMSO),   near Lawton,   Oklahoma,   under 
Projects VT/036 and VT/4054.   In fact, when reasonable, operating procedures, 
observatory instrumentation improvements,  and special investigations were 
accomplished simultaneously for WMSO and the VT/1124 observatories.     The 
work conducted during the last 22 months can b^ subdivided into four categories: 

a.    Continued operation of BMSO,   CPSO,  and UBSO; 
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b. Evaluation of standard and experimental detection equipment 
to provide mo/e efficient and effective observatories; 

c. Testing and evaluation of new instrumentation; 

d. Routine and special analysis of resulting seismometric data. 

The detailed work statement for the contract is included in this report as 
apperdix 1. 

1.5   BMSO,   CPSO.  AND UBSO FACILITY CLEARANCE 

Early in the reporting period,  application for facility clearance for each 
observatory was filed with the Department of Defense.    After inspection 
of the facilities and approval of the security procedures,   each observatory 
was granted SECRET facility clearance. 

2.    OPERATION OF BMSO,  CPSO. AND UBSO 

2. 1   GENERAL 

Data were recorded at BMSO,   CPSO,  and UBSO on a continuous basis.     The 
observatories were normally manned between 8 and 10 hours a day,   5 days 
a week.    On weekends and holidays,   the observatories were manned by a 
skeleton crew 8 hours a day; however,   additional personnel were on call in 
the event that an emergency situation arose.    Figure 1 is the organization 
chart for Project VT/1124. 

As the result of findings and recommendations made under other projects 
and developments during the term of this contract,   some changes and 
additions were made to the instrumentation at the observatories after 
approval had been received from the Project Officer. 

Initial arrival times from earthquakes were reported to the USC&GS daily. 
Earthquake phase-arrival times recorded at BMSO,   CPSO,   and UBSO 
were reported in ?   five-station earthquake bulletin,  published monthly. 
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Analysis studies were conducted using data frorn the VT/1124 observatories. 
Throughout the contract period, technical assistance, observatcr/ facilities, 
and the accumulated data were made available to other interested groups and 
individuals approved by the Project Officer. 

2. 2    TRANSFER OF MANAGEMENT 

Geotech assumed responsibility for the operation of BMSO,   CPSO,  and U3SO 
on 1 July 1963.    E.   G.   Holle and G.   S.   Gerlach were temporariU' assig-.ed 
to CPSO and UBSO,   respectively, ao station managers to effect the official 
transfer of responsibility for the observo.tories from TI to Geotech.     Texas 
Instraments field personnel at CPSO and UBSO were very cooperative,  and 
assisted   Geotech personnel in the transfer of information,  equipment,   and 
facilities.    The operation of BMSO,  previously operated by Geotech under 
subcontract to TI,   continued without interruption in management. 

Joint inventories were made by TI and Geotech personnel at both observatories, 
and all transfers were finalized by 5 July.    Supplies adequate for operation 
through 30 Septem'    r (film, magnetic tape,  etc. ) had been ordered by TI prior 
to 1 July and were received at each observatory early in July. 

2. 3   STANDARDIZATION OF OPERATIONS AMONG THE VT/li24 
OBSERVATORIES AND WMSO 

2. 3. 1    General 

The routine operating and analysis procedures used at the VT/1124 observatories 
were made the same as the operating procedures used at WMSO wherever 
possible.    A series of 18 "Seismological Observatory Preliminary Standard 
Operating Procedures" (SOP's) were developed and put into effect.    Copies 
of each of these preliminary SOP's were forwarded to the Project Officer as 
they were adopted.   A final manual of seismological observatory SOP's 
(TR 64-59) was published under Project VT/036 on 20 June  1964.     This manual 
was adopted at the VT/1124 observatories and was used throughout the remainder 
of Project VT/1124.    Based on several months' experience in operating undei 
the specifications contained in TR 64-59,   revisions are being made jointly 
under Contracts 12373 and 13562.    This revised SOP will be published during the 
last half of 1965. 
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Z. 3. ?.   Operating Parameters and Tolerances ox the 
Routine Seismographs  

The operating parameters of the standard seicmographs use ' a', the observatories 
during the reporting period are given in table 1.    Also gi.en in the table are the 
tolerances on these parameters and the filter settings used with each seismo- 
graph. 

The parameters «trc checked and reset, if necessary,  when the special calibra- 
tion of the frequency response is made each month.    The specified frequency 
response tolerances of each seismograph as operated throughout the reporting 
period,  are gi^en in table 2.    Figure 2 shows the responses of the seismographs 
as operated at the end of the period. 

2. 3.3   Standardization of Calibration Procedures 

In Juni 1963, a request was received from AFTAC to review the proposed 
AFTAC "Standardization of Calibration Procedures" for VELA-UNIFORM 
observatories.    After they were reviewed by the Geotech staff,   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 VEJLA-UNIFORM,  AFTAC Technical Report 
VU-63-5.    The procedures specified in this report were adopted on 10 October 
1963,  as requested by the Project Officer. 

In general,   the procedures proved to be satisfactory for routine use.    After 
the observatories hzd been operated for some JO months using these proce- 
dures,  they were again reviewed by the Geotech staff.    On the basis of this 
second review,   changes in the standards and in the logs were recommended 
in a letter report to AFTAC dated 26 January 1965. 

Early in April 1965,  we received a copy of "Revision to Seismograph Calibra- 
tion Standards" from AFTAC.    This letter changed some of the standards and 
logs established in AFTAC Technical Report VU-63-5.   A     requested,  tne 
revised calibration standards were adopted on 6 April,    iae nev- logs are 
beintj adopted as stocks of the old logs are depleted. 

The changes in calibration standards are as follows: 

a. In the monthly special calibration to check the frequency responses 
of the short-period seismographs, calibrations at 8 Hz and at 10 Hz have been 
deleted from the table of frequencies. 
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b. In the monthly long-period seismograph frequency response check, 
the calibration current may be incveased by a factor of 5 at 0. I Hz and a 
factor of 10 at 0. 143 Hz relative to ehe current at the other frequencies. 

c. In the daily cax bration of long-period seismographs,  the table of 
equivalent ground motions has beon revised to include 0. 5 micron for magni- 
xications above 45K. 

The four calibration logs have been revised.    Examples of the revised "Special 
Calibration Log, " "Daily Calibration Log, " "Tape Recorder Log, " and "Daily 
Operating Log" are given in appendix 2. 

2.3.4 Seismograph Polarity Assurance 

In an effort to prevent inadvertent polarity reversals at the observatories, a 
procedure for checking seismograph polarities was initiated in September 
i963.    The procedures adopted for the polarity check are: 

a. Three dc pulses are applied to ea( h seismograph every Monday. 
The pulses are recorded immediatsly before the daily sine -wave calibrations. 
The station engineer checks the pulses on the Helicorder records and on 
magnetic tape (by oscilloscope) to assure that the polarity of each seismograph 
is correct. 

b. The senior analyst also checks the pulses on the film records.    If 
the senior analyst detects any polarity discrepancy, weight lifts are made to 
assur? that the polarity of the seismograph in question is correct. 

c. Magnetic-tape records 'or  this day are monitored by the Quality 
Control Group in Dallas to assure correct polarity, i.e. ,   pulse-off yields 
decrease in carrier frequency of the FM signal. 

2.3.5 Standardization a.ni Identification of Recording Formats 

The arrangement of data on the primary Develocorder has been standardized 
at each observatory.     The earth-powered seismograph is recorded on channel I. 
The next three channels are the corners of the triangular array; in the case of 
BMSO, Zl,   Z4,  and Z7 (see figure ?).   The summation of the array is on 
channel 12 and the filtered summation on channel 11.    Seismometers comprising 
the three-rompr nent SP system are recorded on channels 13,   14,  and 15. 
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Figure 3.    Orientation and configuration of ^he BMSO array 
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The Project Officer requested that each data format for the Develocorders 
and the magnetic-tape recorders be assigned a three-digit data group number. 
These were started on 1 November 1963.    When a data format was changed,  a 
new data group number was assigned and the information recorded on the 
data format assignment form.    The da^a block numbers were extended to 
four-digit numbers on 1 February 1964.   In addition,  the data format assign- 
ment form was standardized to the form then used at TFSO.    An example of 
the present data format assignment form is shown in appendix 2. 

2.3.5.1    BMSO 

The data channel assignments for each of the Develocorders and for the 
magnetic-tape recorders at BMSO are give^ in table 3.    Each is identified 
by its data group number. 

A secondary fast-speed Develocorder was activated at BMSO on 10 Febriiary 
1964.    The data recorded on the secondary Develocorder have proved to be 
valuable during the preliminary analysis of seismograms.     The summations 
of the 1-km triangles at the apexes of the array (SA,   SB,   and ZC) are used 
in determining the azimuth of signals and in signal detection in the event of 
malfunctions of the primary Develocorder.   The low-gain three-component 
short-period seismograph system is useful as an intermediate magnification 
system for large signals. 

Figures 4 through 6 are examples of the pi     lary,   secondary,   and long-period 
data formats currently recorded on the Develocorders at BMSO. 

2.3  5.2   CPSO 

The data channel assignments for each of the Develocorders and the magnetic- 
tape recorders at CPSO are given in table 4.    Each is identified by a data 
group number.     The CPSO array configuration is shown in figure 7. 

The secondary fast-speed Develocorder,  activated at CPSO on 20 December 
1963,   has generally been used for several types of summations (s'^e table 4). 

Figures 8 through 10 are examples of the primary,   secondary,   and long- 
period data formats currently recorded on Develocorders at CPSO. 
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Table 3.    Data channel assignments a, ^ normal operating rr *      and 

DEVELOCORDER3 

Fast- sneeo, 30 mm/mmute 
  

Primary data Secondary data 

DG 402a DG 4002 DG 4006 DG 4008 DG 4009 

1 July 63 - 1 Feb 64 - 10 Feb 64- 10 Mar 65 - 12 Mar 65-                      - - 
1      Channel 31 Jan 64     Mag 30 Apr 5           Map Channel 10 Mar 65 Mag 12 Mar 6 5         Mag 30 Apr 65          M > 

j               1 V 19K V 19K 1 . . - .' 

1               2 Z! TSOK Zl 750K 2 Z8L 70K Z3 1500K Z3                  lb: 

1               3 Z4 750K Z4 750K 3 Z8 750K Z3L 70K Z3L 

4 Z7 750K Z7 750K 4 EQ 1060K NSL V0K NSL 

}               5 Z2 7C0K Z2 750K 5 Z3L 70K ESL 70K ESL 

i               ^ Z5 750K Z5 750K 6 NSL 70 K ZQ 100ÜK IQ                   10. 

!           ? Zfa 750K Z6 750K 7 ESL 70K ZA 1000K IA                   10. 

i           8 Z8 750K Z8 750K 8 IA 10O0K Zß 1000K IB                            ItK 

1           q Z9 750K Z9 750K 9 IB 1000K ZC 1000K IC                    10' 

1          l0 Z10 750K Z10 750K 10 ZC 1000K MS - MS 

11 ESF 5000K ESF 5000K 11 MS _ WI . WI 

12 zs 2000K ZS 2000K 12 A or Wi - IS 4000K IS                      4;; 

13 Z3 750K Z3 750K 13 ZIB 60K ZIB 60K ZIB                      -n 

14 NSP 750K NSP 750K 14 NIB 60K NIB 60K NIB 
15 ESP 750K ESP 750K 15 EIB 60K EIB 60K EIB                       ■:<. 

16 WWV WWV 16 WWV WWV WWV 

j                                                                                   MAGNETIC-TAPE RECORDERS 

No. 1 No.  2 Z Amplified verti 
from a site He' DG 400a DC 4000 DG 4007 DG 401 DG 4001 

1 July 6 3- 1 Feb 64- 4 Aug 64- 1 July 63- 1 Frb 64- Z6L Amplified vert; 

Channel 31 Jan 64 3 Aug 64 30 Apr 65 31 Jan 64 30 Apr 65 seismograph - 
V Unamplified ve! 

1 STS STS TCMDG STS STS or TCMDG ZLP Vertical long-p 

2 Zl Zl Zl ZLP ZLP ZLL Vertical long-p 

3 Z2 Z2 Z2 NLP NLP ZBB Vertical broad- 

4 Z3 Z3 Z3 E1P ELP ZIB Vertical intern 

S Z4 Z4 Z4 NSP NSP NSP 
NLP 

A mplified nort! 
North-fouth Id 

6 Z5 Z5 Z5 ESP ESP NLL N^rtii-south lo! 

7 Comp Comp Comp Comp Comp NBB North-south bn 

a Z6 Z6 Z6 ZIB ZIB NIB North-south inl 

<i Z7 Z7 Z7 NIB NIB ESP Amplified east- 

10 Z8 7.8 Z8 EIB F.IB ELP 
ELL 

East-west lent 
East-west long 

u 7.<> Z9 Z9 ZBB ZBB EBB East-west bro. 

12 Z10 Z10 Z10 NBB NBB EIB East-west inter 

li Z10L Z10L ISF EBB EBB IS Summation of / 

14 WWV WWV WWV WWV WWV ISF ES filtered 
IA Summation of 7 

A 



and normal operating magnifications of seismographs at BMSO 

DEVELOCORDERS 

Slow-i peed,  3 m^ 'minute 

DC 403* DC 404 DC 4004 DC 4005 DC 4009 
t- 12 Mar 65- 1 July 63- 17 Dec 63- 1 Fcb 64- 10 Feb 64- 
5         Mag_ 30 Apr 6? Ma^ Channel 17 Dec 63 MA&. 31 Jan 64 Mag^ 10 Feb 64 Mag^ 30 Apr 65 Maj|_ 

- V IK i 2,1. L IK A WI WI 
I500K Z3 1500K 2 NLL IK ZLL IK ZLL IK MS — 

70K Z3L 70K 3 ELL IK NLL IK NLL IK ZLL IK     | 
70K NSL 70K 4 ;:LP 30K ELL IK ELL IK NLL IK     1 
70K ESL 70K 5 NLP 10K ZLP 35K ZLP 35K ELL 1K 

1000K IQ 1000K 6 ELP 10K NLP 10K NLP 10K ZLP 40K 
1000K EA 1000K 7 ZBB 5K ELP 10K ELP 10K NLP 10K 
1000K ilB 1000K 8 NBB 5K ZBB 5K ZBB 5K ELP 10K 
1000K EC 1000K 9 EBB 5K NBB 5K NBB 5K ML 1 

- MS - 10 Z8 600K EBB 5K EBB 5K ZBB 5K 

. WI . 11 ZIB 60K Z8 600K Z8 600K NBB 5K 
4000K ES 4000K 12 NIB 60K ZIB 60K ZLB 60K EBB 5K 

60K ZIB 60K 13 EIB 6CK NIB 60K NIB 6 OK Z8 600K 
60K NIB 60K 14 WWV - EIB eoK EIB 6CK WWV . 
60K EIB 60K 15 • - WWV _ WWV . „ 1 
- WWV - 

i                                                                                                                          KEY 

J           Z Amplified vertical short-period seismograph EE Summation of Z3,   Z4,  and Z5 
from a site identified by a suffix number EC Summation of Z6,   Z7,  and .'.8 

|           Z6L Amplified vertical short-period lew gain !      EQ Summation of Z6,  Z8,  Z9,  aid Z10 
seismograph - number denotes seismometer site A Anemometer - wind speed only 

|            v Unamplified vertical short-perioc seismograph WI Anemometer - wind speed and direction 

ZLP Vertical long-period seismograph M Microbarograph 

j            ZLL Vertical long-period low-jain sei.smograph ML Microbarograph long-period 

j            ZBB Vertical broad-tond seismograph MS Microbarograph short-period 

ZIB Vertical intermediate-band seismograph WWV Radio time 

NSP Amplified north-south short-period seismograph STS Primary arid secondary timing only 

NLP North-south long-period seisnv) jraph TCMDG Time code management data group 

NLL North-south long-period low-gain seismograph Corrp Compensation 

f           NBB North-south broad-band seismograph Mag Magnification (see note) 

j           NIB North-south intermediate-band seismograph DC Data group number 

ESP Amplified east-west short-period seismograph Note: Magnifications of: 

ELP East-west long-period seismograph Short-period measured at 1 Hz 

ELL East-west long-period low-gair, seismograph Intermediate-band measured at 1 Hz 

EBB ;ast-west broad-band seismograph Broad-band measured at 0. 8 Hz 

|            EIB East-west intermediate-band seismograph Long-period measured at 0. 04 Hz 

j            IS Summation oi Zl through Z10 a Data group effective from 1 Nov 63                                                 i 

ESF IS filtered 
EA Summation of Zl,  Z2,  Z9 
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t1 

I 

1 km 

Q   Tank farm 

£2   Central recording building 
•   Arrav seismometerb 

Coorcinateb of tank farm:    35£>35,4r,N   85034,13"W 
Elevation: 5 14 meters aoove  sea level 

Figure 7.    Orientation and configuration of the CPSO array 
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Table 4.    Data channel assignments and normal operat ial 

nrVELOCORDEKS 

Faal ipee-i,   JO mm/minuta 

Primary dal a 

DG fcOO" DC 6000 DG ,010 DG 6000 DC 6022 DG 602 J DG 6000 DC 605 DG 6005 

1  Jul fa3- 1 1 -b 64- 20 Au^ 64 S Nov 64- 1 . Apr 65- •-1 Apr fcb- 28 Apr 6 20 Dec 61 1 r»b 64- 

Ch.m. 11 J.n 64 Mfc| 20 Aug 64           KUg 5 Nov 64 Hit 15 Apr 6' M.f 21 Ap 6S Mag 28 Apr 65        Ma| 10 Aor 6 5       M.4 Channal   1!  Jan 64 Man 20 Aug 64 M.. 

V 20X V 20K V 25K V 25K V 25K V 25K iSX 1 Z.3L 40K 7.101. 4ri- 

Z7 4C1K 27 400K Z7 400K 7.7 400K Z7 400K Zl 400K 27 4aoK 2 Z10 400K 7.10 40C^ 

Zl 40DX 7.1 400K Zl 400K 7.1 400K 7.1 400K Zl 40OK Z! 400K 1 : u 400K TD 40Cr 

z* 400K Z4 4u0K 24 400K 7.4 40OK Z4 400K Z4 400K Z4 4D0K 4 t 400K 1 E 40^ i- 

Zl 400K 22 400K 72 400K 72 400 K 7.2 400K Z2 4G0K Z2 400K 5 ro 400K rc ant r 

Z3 400K Z) 400K Z) »9ÜK Zl 400K 23 400K ZJ 400K 21 400K 6 H 4P0K TH 40ft 

Z5 400K Z!. 4''0K zv 400K Z5 400K 7', 400K 7.5 40OK. Z5 400K 7 Ei 4Ü0I' n «ODf 

Z6 400K 26 400 K 2.6 400K Zi 400K 76 400K Z6 400K Zt 400K 8 :. J 400K T-i ViH 

Zl 400K Zl 400 K 2o 400K Zl 400K r.s 400"' rs 400X Zl 400K 9 -K 400K 'K 40-1 

10 's 400K rs 41WK ZL 400K LS 400K 1TWF 1 S0OOK TTWF S         lOOOK 75 400K 10 MS MS 

ZTT Z100Kb ITF 2IO0Kb StnT 2200K LTr !200K ^TF 250OK -TF 75nnK TF 7-OOK '.'. A A or WI 

71 1000K ET , M I000K ET «00K : T lOOOK :,T 1000K ■-T 900 K n ZIB 50K ZIB 50 h 

Z» 400K Zl 400K Z> 400K Z9 400K z« 400K za 400K 7S 400K ii NIB 50K NIB set 
N5P 400K NSP 400K NSP 400K NSP 40OK NSP 400K NSP 400K N5f 400K 14 EIB 50K EH 5CK 
ESP 40CK K5P 400K ESP 400K ESP 400K ESP 400K ESP 400K ESP 400K II WWV - wwv 
WWV WWV WWV WWV WWV WWV WWV 16 

MAGNETIC-TAPE RECOBDEfc.i 

No.   | No.   2 

DC oil* DC 6002 DO »JUt, DO 6007 OO 6056 DO 6007 DO 6011 DG 6014 DG 6006 DG60i: DG 60)* DO 6001 DC 6009 DG 6001 DG 6012 DG 6015 DO 6016 DO f. 

1 Jul bi- 1 Frt 64- lü Aug 64- 11 Aug 64- 4 Aug 64- 14 Aug 64- !1 Aug 64- 1 No. 64- 6 No v 64- 9 Mar 65- 1 Jul 6>- 1 Fab 64- 14 Aug 64- 20 Aug 64- 2(  Oft 64- 1 Nov 64. 6 Nov 64- 4 O«, 
ChWIMl ll Jan »4 

STS 

10 Aug 64 

STK 

11 Aug 64 

STS 

1} Aug 64 

STS 

9 Aug 64 

STS 

20 Au .64 2 Nov 64 

STS 

i Nov 

STS 

64 8 Mar 6S 

STS 

0 Apr 65 

TCMDO 

Chann«! 

i 

11 Jan 64 

STS 

1) Aug 64 

STS 

19 Aug 64 

STS 

26 On 64 

STS 

2 Nov 64 

STS 

5 Nov 64 

5T5 

1 Dae 64 

STS 

t Mar 

STS STS 
Zl Zl Zl Zl Zl Zl Zl Zl Zl Zl 2 ZLP ZLP ZU ZLP ZLP ZLP ZLP ZLi 
Z2 Z2 Z2 Z2 Zl Z2 Z2 Z2 Z2 Z2 3 NLP NLP Z12 NLP NLP NLP M-"' Nl.. 
Zl Zl Zl Zl Zl Zl Zl Zl Zl Z! 4 ELF ELP Z13 ELP NLP! NLP, NLri NLI 
?.4 Z4 Z4 Z4 74 Z4 Z4 Z4 Z4 Z4 5 NSP NSP NSP NSP N5P NSP NSP NS1 

Zl Z5 Z5 rr Z5 zt Z5 Z5 Z-, Z5 6 ESP ESP ESP ESP ESP ESP ESP ESi 
Comp Comp Comp Cnmp Comp Comp Comp Crr r.p Comp Comp 7 Comp Cotnp Comp Comp Comp Comp Comp Cor 
Zi Z6 Z6 Z6 Z6 Z6 Z6 Zt Z6 Z6 8 7.1» ZIB Z14 ZIB ZIB ZIB ZIB ZIB 
Z7 17 Z7 Z7 Z7 Z7 2 7 Z7 7.7 Z7 9 NIB NIB 7.15 NIB NIB r H IH Nil« 

to Zl Z8 79 Z» za 7.8 Z8 ZB 2.« Z8 10 E1B EIB Z16 EU EIB n r i EU! 

II •',') Z? Z« Z4 74 Z4 Z4 Zl Z4 Z9 11 ZBB ZBB 7.17 ZBB ZBB tM IM ZB; 
12 210 Z10 Z10 ZI0 Z10 ZIC Z10 ZI0 Z10 7.10 12 NBB NB» ZI8 NBB NBB ET1 HT 
11 Zlt, ZIL ITF tTF ETF irrr tTF, ITFj ITF ETF 11 EBB EBB ZI9 EBB EBB Zl« Z10 EB!- 
14 WWV WWV WWV WWV WWV WWV wwv WWV WWV WWV 14 WWV WWV WWV WWV WWV WWV WWV ww 

A 



ial operating magnifications of seismographs at CPSO 

OCOROERS 

Si w-spped. mm/rr n'Jie 

S«'0«d.rv dm - 
DC «M nr. tool DC 6005                       DC Mil                          DC 6021 DG 461*                           DG 604 DG bGO* DO 6613                      DG 6004 

1 F.b M- 2? »-uo 64- 5 Nov 64-                    » Mar 6!.                      li Mir 65. J  Jul hi-                          in Dec fci- 1 r«b 64- 26 Oct 64-                    9 Mar 6S- 
ili Aug 04 MM •> Nov 64 Mof       8 M>r 65       Maj       12 Mar 65        Mag         30 Apr 65        Mag Ch ifitWl  IS OFC bl       May         31  Jan 64 Mag         26 Ocl b4 Ma£       f March t-b   Mag        30 Apr fa5 Mag 

ilOL i^K Z10L !0K ZI0I 40K           Z8L                  «IK            V                         IK 1          ZLL             IK         AorWi Wl Wl                 -               Wl 
Z!0 4001: US 400IC ZlC 400K          Z»                S0OK           ?►'                 15K 2          NLL               IK             MS MS MS                   ■                MS 
to 400K ZIO.I 40ÖK ZD 490K          ZD               400K           '»                »M)K J          ELL               IK             ZLL IK 21.L IK              ZLL            IK              ZLL IK 
EE 400K tE 400K Cl ISSK           EE                 400K            ZO                 400K 4            ZLP             20K               NLL IK -LL IK             NLI             IK             NLL IK 
re 400K ZC 400K ro 400K          la               400K          TE               400K 5           NLP            I5K             - LL IK ELL IK             Nl    ^          IK             ELL IK 

ZH 400K TH 4i)0K IH 400K          EH                409K          EG               400K 6          ELP            15K             ZLI ISK ZLP 15K              2LP         ä^K             ZLP 15K 
T.l 400K Zi 400K SI 400K           El                   loOK            EM                400K 7          ZBB              6K             NLP I OK NLP 10K             NLP         10K             NLP 10K 
tl 400K Zti 400K rj 400K           EK                 400K            El                  400K 8          NBB              6K             ELP %K ELP fK             NLPj        10K              ELP 5K 
IK 400K FK 400K CK 400K           MS                    '                 E K                 400K 9          EBB              6K             ML ML ML                                ML 
MS - MS - MS Wl                    .                 MS                   - 10          Z8              ifcOK             ZHB 3K ZBB 3K              ZBB            IK              ZBB JK 

A or Wl . Wl . Wl ET                1B0OK            Wl 11            ZIB               30K               NBB 3K NBB 'K              NBB            3K              NBB 3K 
zta MK ZIB 50K ZIB 5flK           ZIB                  50K           ET               2000K 12          NIB              30K             EBB 3K EBB 3K              EBB            3K              EBP 3K 
NIB 50K N1U 50K WB 50K           NIB                  50K            ZIB                  50K 13          ilffl              I0K             Z8 1SQK ZU 150K               28             170K               Z« 150K 
EIB 50K EIB 50K EIB =.0K           EIB                  50X            NrS                  50K 14            WWV                                   WWV WWV WWV                                WWV - 
wwv WWV . WWV              .               WWV               -                 EIB                  50lt 

wwv 

KEY 

Z            Amplified vortical ahort-prnod aeiamograph 
frotr a aita idaolifiad by a aiiffia number 

Z6L      Amplißad vertical «hort-panod low-gain aciamo- 
graph • Bumbar danotaa aaiamomvler ait« 

Z10-1   Vertical abort-period seiamograph with 
apecial 1 Ha PTA galvanometer 

V           Unamplifled vertical aho-t-period aeiamograpb 
ZLP     Vertical long-period aeiamograph 
ZLL     Vertical long-period low-gam aeiamograpb 
ZBB     Vertical broad-band aeiamograpb 
ZIB       Vertical intermediate-band aeiamograpb 

IT            5umm«tion of ill 19 «hort-p»riod irrky 
■cumogr&pha 

ETF           IT !liter*d      «11bn11rr.ber indic«l«i ch»n|« 
in (liter ««King 

J^TWF    Special »eighted ZJF 
tS            Summuim öf Z10 through ZI9 
ESr          ES filtered 
EM           Z1-Z(0 and 212-7.19 
EMP          EM (lltererf 
EL            Summation of Z10.   sndZ12-Zt9 
ID           Summation of Z11.  Z12.  and 213 

ML              Microbarograph lotig'penod 
MS               Microbarofraph ■hort-period 
WWV          Radto lime 
STS             Primary and aecondary nmmg only 
TCMDG     time code management data group 
Comp          Cotnpcnaation 
Mag             Mtgnification (see note) 
DC                Data g roup numbe r 
NT«'*           Magnificationa oi: 

ShoTt'pcriod meaeured at 1 He 

DC 6016 
t Nov M- 
5 D.c «.4 

DO MIZ 
4 Die 64. 
8 Mar 6; 

STS 
ZLP 
NLP 
NLP, 
NSP 

DC 6011 
» M.r 65 

TCMDC 
ZLP 
NLP 
NLP, 
NSP 

DC 6020 
10 Mar 65- 
»0 Apr 65 

STS 
ZLP 
NLP 
NLPl 
NSP 

TCMDC 
ZLP 
HLP 
ELP 
NSP 

ESP 
Comp 
ZIB 
IH 
El 

cu 
HI 
Z10 
wwv 

ESP 
Comp 
ZIB 
NIB 
EIB 

ZBB 
NBB 
EBB 
WW» 

ESP 
Comp 
ZIB 
NIB 
EIB 

ZBS 
NBB 
EBB 
WWV 

iSP 
Comp 
ZIB 
NIB 
EIB 

ZBB 
NBB 
EBB 
WWV 

NSP      Amplified north-aouth abort-period aeiamograpb 
NLP     North-aouth long-period aeiamograpb 
NLP,   ELP placed NS lor teata 
NLL     North-aouth long-p riod low-gain aeiamograpb 
NBB     North-aouth broad-band aeiamograpb 

EE 
EC 
EH 
II 
ZJ 

Summation of ZI.   Z7. 217, «ndZIH 
Summation of Z4.   Z7,  Z17,  «od 219 
Summation of ZI.   Z4.  /.7,   217,   218 
Summation of Z3.  Zb,  Z''.   ZI4.   Z15 
Summation of Z2,   Z%, ZB.   ZU.   Z12 

and Zl« 
and 21b 
and Z\i 

a 

Broad-bar.;! me»;,>ired at 0. B Hi 
Long-period meaau.c^ it 0,04 Hz 

Data group ^(ffctive (rom  1 Nov 63 1 
NIB       North-aouth intermediate-band aeiamo^-apb 
ESP      Amplified eaat-weat ebort-penod aeiamograpb 
ELP     Eaat-weat long-pe.-tod aeiamograpb 
ELL     Eaat-weat long-pent.^ !o*-galn aeiamografh 
EBB     Eaat-weat broad-band aeian.ierapb 
EIB       Eaat-weat intermediate-band aetamu^raph 

ZK 

IN 
A 
Wl 
M 

Summation of Zl.   Z3,   24,   26,   Z7    Z9    Z10 
ZM.   21». anil 216 
Summation of Z2,   2§,  28,   ZU.   andZ13 
Anemometer • wind speed only 
Anemometer - wind    peed and direction 
Microbarograph 

h Gain« previoualy reported as  3300K due to 
an error {1  Jul 6J-7 Aut 64» 

■— 
T SBgHiaBI 
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2.3.5.3   UBSO I 

The data channel assignments for each of i..-. UBSO Develocorders and the 
magnetic-tape recorders,   identified by data group number,   are given in 
table 5. 

At UBSO the apexes of the triangular array (see figure 11) are located at 
Zl,   Z3,  and Z5.     These were recorded on channels 2, 3,  and 4 of the 
primary Develocorders. 

The secondary fast-speed Develocorder was activated at UBSO on 1 February 
1964,  and was originally used to record several combinations of array seismograph 
summations.   Since 9 April 1964,  this Develocorder has been used mainly I 
for recording data from the shallow-hole and deep-hole seismometers.    A 
third fast-speed Develocorder was activated at UBSO on 21 December 1964 _ 
to record data from the shallow-buried array (see section 2.4. 16 and B 
TR 65-28).    Examples of the data recorded on each of the four Develocorders 
at UBSO are shown in figures 12 through 15. _ I 
2. 3. 6   Shipment of Data to Seismic Data Laboratory 

All magnetic-tape seismograms recorded at the VT/1124 observatories g 
between 1 July 1963 and 30 March 1965 were shipped to Seismic Data Labora- 
tory (SDL) with the regular LRSM data shipments,  approximately 15 days _ 
after the end of the month during whicl. they were recorded. if 

Sixteen-millimeter film seismograms recorded prior to 1 March 1965 were 
also sent to SDL.    Film seismograms and corresponding operating logs 
were shipped to SDL as soon as data for the monthly five-station earthquake 
bulletin were compiled. 

2.3.7   Component Failure Reports 

A procedure for reporting component failures was adopted in December 1963, 
and complete component failure data are available starting with 1 January 1964. 
A special IBM card (form 273) was designed for use in reporting component 
failures.    It was hoped that data written on this card at an observatory could 
then be keypunched onto the same card in Garland.     This proved to be impracti- 
cal because the design of the card does not allow data entered on the card to 
be read as they are punched; therefore, the data on form 273 are now coded 
in Garland before being punched onto standard 80-columa IBM cards. 
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Table 5.    Data channel assignments and normal opera 

DEVELOCORDERr 

Fast speed 30 mm/ minute 

Primary data Secondar y data 

DO 500* Mag Mag DG 5000 DC 5006 DG 5008 DG 5010 DG 5012 
1 Jul 63- 1 Jul 63- 4 Jul 63- 1 Feb 64- 1 Feb 64- 9 Apr 64- 15 Aug 64- 16 Oct 64- 

Channel 31 J«n 64 4 'ul 63 3 1 Jan 64 30 Apr 65 Maj Channel 8 Apr 64 Mag 14 Aug 64        Mag 16 Oct 64 M»K 9 Apr 65 Ma 

1 V _ 1SK V 25K 1 , Z2L 60K ZIB 50K ZIB 50 
2 Zl 400K 600K Zl 600K 2 Z2L 60K Z2 60SK NIB 50K NIB 5- 
3 Z3 400K 600K Z3 600K 3 Z2 600K EQ 1000K KIB 50K FB 50 
4 Z5 400K 60 OK Z5 600K 4 EQ iOOOK Zl 600K IQ 00OK LQ 100: 
S Z2 400K 600K zz 600K 5 Zl 600K SHIH 7 Zl 60 OK ZJ 60( 

6 Z4 40CK 600K Z4 600K 6 EA 1000K SH1L 7 ?H 1H 2'lü0K SHIH 2500 
7 Z6 400K 6C0K Z6 600K 7 EB 1000K ES 1800K r^iL 600K SH1L 600 

1           8 Z7 400K 600K Z7 600K 8 EC 1000K DH2H 7 r.s 2000K IS 180 
9 Z8 400K 600K Z8 600K 9 - ESF 3200K DH2H 2500K Test 

10 Z9 400K 600K Z9 600K 1U ES 1800K DH2L 7 niizL 600K Test - 

1          U ESF _ 5000K ISF 3000K b 
11 MS » MS ESF 2700K ESF 2501 

IZ ES 1000K 20a0K ES 1200K 12 A or W! . A or WI DHIH 2700K DHIH 180! 
13 Z10 400K 600K Z10 600K 13 ZIB 45K ZIB 50K DH1L 600K DH1L J0C 

[           14 NSP 400K 600K NSP 600K 14 NIB 45K NIB 50K MS MS - 
15 ESP 400K 600K ESP 600K 15 EIB 45K EIB 50K WI WI - 
16 WWV 16 WWV WWV wwv WWV 

SJAGNETIC- •TAPE RECORDERS 

No. No. 2 
Shallow-buried 

array 

Z Ampli fied vertical DC 501* DG 5001 DO 5007 DC 503 DG 5003 DG 5005 DG 5009 DÜ 5011 DG 5013 she 
1 Jul 63- 1 Feb 64- 6 Aug 64- 1 Jul 63- 1 Feb 64- 9 Apr 64 - 15 Aug 64 ■     16 0:t 64- 23 Jan 65- from a site identi fied 

Chaimt-l 31 Jkn 64 5 Aug 64 30 Apr 65 3 1 J»n 64       8 Apr 64 14 Aug 6^ \   15 Oct 64 30 Apr 65 30 Apr 65 Z6L Amplified vertical 
mograph - number 

she 
der 

1 STS STS STS or TCMDG       STS STS STS STS STS ov TCMDG TCMDG SZ Amplified vertica. ■ he 

2 Zl Zl Z 1 ZLP ZLP ZLP ZLP ZLP SZ1 a borehole at a depth 

3 Z2 Z2 Z2 NLP NLP NLP NLP NLP SZ2 SZ6L Ampl fied vertical «he 

4 Z3 Z3 ZJ ELP ELP FI P ELP ELP SZ3 seismograph in a bor< 

5 Z4 Z4 Z4 NSP NSP NSP NSP NSP SZ4 V Unamplified vertical s 
ZLP Ve rica! long-per od s 

6 Z5 Z5 Z5 ESP ESP ESP ESP ESP SZ5 ZLL Vertical long-per od 1 

7 Comp Co'.np Comp Comp Comp Comp Comp Comp Comp ZBB Vertical broad-band s 

8 Z6 Z6 Z6 Z1B ZIB ZIB ZIB ZIB SZ6 ZIB Vertical intermediate 

9 Z7 Z7 Z7 NIB NIB NIB DH2H Te«t SZ7 NSP Ampl fied north-s Out): 

10 Z8 Zg Z8 E1B r.m E1B Zl Zl SZ8 NLP 
"LL 

North 
North 

•south long- 
-soulh long- 

pen 
per: 

11 Z9 Z9 Z9 ZBB ZBB ZBB ZBB ZBB SZ9 NBB North -south broad-ba: 

12 Z10 Z10 Z10 NBB NBB SH SH1H SHI SZ10 NIB North -south inter med; 

13 Z10L Z10L ESF EBB l.BB DH DHiH Dill rssr FSP Ampl fied east-west s 

14 WWV WWV WWV WWV WWV WWV WWV WWV WWV Ei.P 
F.I.L 

East- 
Ea»!- 

westlong-pc 
westlong-p< 

riv': 

no«. 

A 



i mal operating magnifications of seismographs at UBSO 

DEVELOCORDERS 

Slow speed,  3 mm/minute 

DO SOU DC SOU 
16 Oct 61- 9 Apr 65- 
9 Apr 6; My 30 Apt 65 M«s 

ZIB 50K V _ 
NIB 50K Zld 1200K 
EIB 50K EQ i200K 
EQ 1000K Zl 600K 
Zl 600K SHI 2400K 

SH1H 2500K SH1L 500K 
SH1L 600K ESF 6000K 
ES ISOOK DH1 2000K 
TM« . DH1L 600K 
Teit - ZS 3000K 

ESF 2500K ZIB SOK 
DH1H 1800K NIB ^OK 
DH1L 500K EIB SOK 
MS . MS • 
Wl . Wl . 
WWV . WWV - 

Shallow-bur led array 

DC 5014 DG 5016 
2 i Dec 64- 23 Jin 65. 
22 Jut 65 M.E 3C Apr 65 Mag 

1 Test - SZ10L 100K 
2 SZ10L 100K SZ1 600K 

Z4 1000K SZ3 600K 
Z10 1000K 525 600K 
Z7 1000K SZ2 600K 

Zl 1O00K SZ4 600K 
Teit - SZ6 600K 
EG 2000K Test . 
EOF 2800K ISSF 6700K 

10 Test ESS 1600K 

11 SZ4 900K SZ7 600K 
12 SZ10 1000K SZ8 600K 
13 SZ7 900K SZ9 600K 
14 SZ1 I0OOK SZ10 600K 
15 Test - Wl - 
16 WWV - WWV - 

DG 502 * Mag DG 50U4 
1 Jul 63- 1 NQV 63- 1 Feb 64- 

Channel 31 Jan 64 31 Jan 64 30 Apr 65 Mag 

1 A , Aor Wl - 
2 ZLL 0.7K MS . 
3 NLL 0.7K ZLL IK 
4 ELL 0.7K NLL IK 
5 ZLP 10. OK ELL IK 

6 NLP 8. OK ZLP 40K 
7 ELP 8. OK NLP 2 OK 

8 ZBB 2.5K ELP 2 OK 

9 NBB 2 5K Test - 
10 EBB 2.5K ML - 

11 Z2 350K ZBB 2.5K 

12 ZIB 65K NBE 2.5K 

13 NIB 6SK EBB 2.5K 

14 EIB 6SK Z2 3?0K 

IS WWV , Tejt - 
16 - - WWV - 

KEY 

jlified vertical «hurt•period seismograph 
m a site identified by a suffix number 
plified vertical short-period low-gain seis- 
jraph • number denotes seismometer site 
iplified vertical short-period seismograph in 
orehole at a depth of 200 ft 
pUfied vertical short-period low-gain 
smograph in a borehole 
smphfied vertical short-period seismograph 
rtical long-period seismograph 
-tical long-period low-gain seismograph 
rtical broad-band seismograph 
rtical inter mediate-band seismograph 
plified north-south short-period seismograp'. 
;-th-scuth lung-period seisrnograph 
th south long-period low-gain seismograph 

-th-south broad-band seismograph 
th-soutli intermediate-band seismograph 
plified east-west short-period seismograph 
t-west long-period seismograph 
t-west long-period low-gain eeismograph 

EBB 
EIB 
ES 
ESF 
ESS 
ESSP 
EA 
IB 
EC 

EQ 
EG 
EGF 
SH 
DH 

A 
Wl 
M 
ML 

Eaut-west broad-band seismograph 
East-west intermediate-band seismograph 
Sum-nation of Z 1 through Z 10 
ES filtered 
Summation of SZ I through SZ 10 
LSS filtered 
Summation o.' Zl, Z3, fc ZS 
Summation of ZZ, Z4, l> Z6 
Summation of Z7, Z8, Z9, fc Z 10 
Summation of Z4, ZS, fc ZS 
Summation of SZ1, SZ4, SZ7, fc SZ 10 
EG filtered 
Seismometer in 500-f. borehole 
Seismometer in 10,003-ft borehole: 
Number with SH or DH indicates 1st or 2nd seis- 
mometer in hole. 
H or L with SH or DH indicates high or low gain 
Anemometer - wind »peed only 
Anemometer - wind speed It direction 
Microbaro^raph 
Microbarograph - long period 

MS Microbar'jiraph - short period 
WWV Radio time 
ST5 Primary It secondary time 
TCMDG Time code management data group 
Comp Compensation 
Test Teat instrumentation 

ig Magnificaiion (see note) 
DG Data group number 

Note Magnifications of: 
Short period measured at I Hx 
Intermediate band measured at 1 Hz 
Broad band measured at 0.8 Hz 
Long period measured at 0.04 Hz 

* Data group effective from 1 Nov 63 

° Gains previously reported as 6000K due to an 
error (21 Aug 64 - 19 Feb 65) 

HHI^i ■ v^v B8? JL-. ^■■mjl mmm mm 



I 

1 km 

13 Tank farm 
O Central recording building 
• Surface array seismometers (Z) 
A Buried array seismometers (SZ) 

Coordinates of tank farm:   40o19,18,,N   109o34,07"W 
Elevation: 1600 meters above sea level 

Figure 11.    Orientation and configuration of the UBSO array 
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I 

The keypunch format used in showing these data is given in appendix 3.    This m 
format includes the revisions given in the letter report of 1 7 March 1965, 
and therefore supersedes all other formats. 

I 

I 
a.    Gener-"        tuipment (columns 9-12),    The keypunch format is com- _ 

prehensive enoug!     .   cover all items.     The main difficulty has been the 9 
differentiation between subassemblies and major assemblies.     The subassem- 
blies in use at the observatories have been defined and are listed in appendix 3. _ 
If an item does not appear on this list it is classed as a major assembly. I 

Some difficulties have been experienced in standardizing the data upon 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. 

b. Component Symbol or Description (columns 43-53).    If Electrical 
and Electronic Reference Designations in Military Standard 16C are meaning- 
ful and in common usage,  these symbols are used.    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 (e.g.,  a 
galvanometer for which "GALVO" is written).   A complete list of the symbols 
used is given in appendix 3.   Mechanical components are always spelled out 
and are preceded by an M in column 42. 

c. Manufacturer's Part Number (columns 54-63).   The part number 
given in the particular operation and maintenance (OfkM) manual is used, 
except for items such as resistors and capacitors.    For these items the 
actual value is recorded; e.g. , a 25-microfarad capacitor rated at 200 volts 
dc is coded 25M200VDC. 

d. Component Manufacturer Code (columns 64-68).    Some of the 
larger manufacturers have federal codes for each 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 Inoperative (columns 74-78).    Care has been taken to allot 
time inoperative to the item that caused the failure; all other items that, are 
replaced 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. 
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g.    If data are missing in an alphanumeric field,   "XXX" is placed 
in that field,  left justified.    This can be combined with the component 
symbol if that is known,  e.g.   DSXXX. 

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

A progr?m has been written to tabulate some of the data on the cards.    This 
is discussed in section 3 of this report. 

2. 4    CHANGES AND ADDITIONS TO THE STANDARD INSTRUMENTATION 

2.4. 1   Modification of Minneapolis-Honeywell Magnetic-Tape Recorder 
Oscillators  

The high and low deviations of the carrier frequencies of the oscillators in the 
Minneapolis-Honeywell (MH) magnetic-tape recorder were originally aligned 
with a single control.    Because alignment was very time consuming,  a modifi- 
cation (Ml) that provides separate controls lor adjusting the high and low 
deviations was developed in 1963 and all magnetic-tape recorder oscillators 
at the VT/1124 observatories were modified. 

Initially,  the modification proved to be very helpful; later,  other problems 
appeared that again increased the time necessary to align the oscillators. 
These problems are attributed in part to modification Ml and in part to the fact 
that the characteristics of recently acquired vacuum tubes vary greatly.    The 
range of adjustment of deviations for which the moditication was designed was 
not wide enough; therefore,  the range of center-frequency adjustment was 
inadequate for aligning many of the oscillators when the vacuum tubes vere 
used. 

Additional tests indicated that a minor modification (M2) of the oscillator 
center frequency divider circuit would improve tube versatility by providing 
a wider range of adjustment of the center frequency.     This modification, 
consisting of changing one resistor in the center frequency divider circuit, 
was made.    To control properly the linearity of the VCO with the M2 modifica- 
tion,   it was necessary,  when changing tubes,  to selectively screen the input 
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de amplifier tubes (12AX7) by using a five-point linearity check (-40.   -20, 
0,  +20, and +40 percent deviation),  instead of the normal three-point check 
(-40,  0,  and +40 percent) used in daily calibration.    Field experience 
indicated that the screening procedure was very time consuming and that 
calibration of the VCO was cumbersome. 

A third modification (M3J, which provides improved linearity and eliminates 
the need for screening the input 12AX7 tube,  has been designed and field 
tested at BMSO.    The M3 modification also simplifies the VCO calibration 
by utilizing a fixed-bias arrangement on the oscillator tube (6118) instead of 
the grid-leak-bias technique previously used.   Figure 16 is a schematic 
diagram which shows the M3 modification. 

In the future, we plan to modify three additional VCO's to the M3 configuration 
and to test them briefly under field conditions.    If these three units perform 
as well as the oscillator initially modified has performed, we will recommend 
that all Minneapolis-Honeywell  oscillators in use at the observatories be 
modified to the M5 configuration. 

2.4.2   Develocorder Modifications 

2. 4. 2. 1   Film Transport Modifications 

Each observatory was supplied with film transport kits,  consisting of a new 
bearing block as^embiy, torque motors, wiring harness, and mounting hardware, 
for modifying the Develocorder transports.    This modification eliminates an 
intermittently operating motor,    dc clutches, and chain drives, tnereby pro- 
ducing a smoother and more reliable film transport system.   One kit was 
installed at BMSO for evaluation.    The modifications proved to be satisfactory 
except for a problem with the bearing block r.ssembly.   The new assembly made 
it difficult to obtain and to maintain the proper film pressure against the rollers. 
A new bearing block assembly, developed under another program, was tried 
without significant improvement.    The original bearirg block assembly was 
incorporated into the kit.   Kits were installed in all Develocorders during 
November and December 1964.    The benefits of this modification are: 

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

b. Occurrences in which the film runs  off the  rollers have been 
greatly reduced. 
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Minor film slippages, which cause narrow blank spaces on the records,  can 
occur if the new film transports are not precisely adjusted.    A method is 
boing developed to make this adjustment less critical and to eliminate the 
slippages. 

2. 4. 2. 2   Installation and Testing of a Peristaltic Chemical 
Pump at CPSO and UBSO 

An experimental peristaltic chemical pump was installed at CPSO in S 
December 1963.    The pump operated without trouble until April 1964 when a || 
punctured tube leaked corrosive fluids onto the shafts of the rotor.    Corrosion 
of the rotor shafts resulted causing the rollers to jam.   A new rotor utilizing M 
shafts made of noncorrosive material was installed in the pump and the pump ^ 
was returned to operation.    No further problems are expected with this pump 
at CPSO, provided that the tube is rotated regularly to prevent excessive wear | 
of any one part of the tube by the rotor. 4 

The Develocorder installed at UBSO to record data from the shallow-buried | 
array had a peristaltic pump already installed.    No problems have been JL 
experienced with this unit.    Because more uniform film processing is obtained 
and fewer outages due to processing failures occur on Develocorders equipped 
with the peristaltic pumps, we recommend that these units be furnished for all 8 
Develocorders operated at the VT/1124 observatories. 

2.4.3 Increased Sensitivity of Long-Period Vertical Seismographs =* 

The sensitivity of the long-period vertical seismograph at each observatory 
was increased by a factor of at least three by installing a more sensitive Pencil * 
Galvanometer,  Geotech Model 4915-10, in the Develocorder.    The long-period 
vertical seismographs are now routinely operated at gains as high as 45K with 1 
sufficient attenuation between the seismometer and the PTA to prevent a signifi- ■"* 
cant change in the frequency response. 

2.4.4 Revision of Outdoor Cable Identification ** 

The use of colored tape for outdoor cable coding,  established when the i 
observatories were installed,  is impractical because the colors fade.   In ** 
some instances, it is nearly impossible to read the cable code, and in other 
instances, the strips of tape were lost.   A new method of coding outdoor cable | 
has been adopted.    Similar to the one used at WMSO, the new method is to 
attach to the cable an aluminum tag stamped with the appropriate code.    The 

TR 65-58 -30- 

I 
I 



code is easily put on the tag by using a figure and letter set and a stamp jig. 
The new system is used at each lightning protector,  each vault,  on both sides of 
every connector, and wherever additional identification is needed.    These tags 
are inexpensive and easily attached,  and should be readable for the life of 
the cable.    Outdoor coding of cables at BMSO,  CPSO,  and U3S0 was completed 
during August 196^    The cable code used at the VT/1124 observatories is 
given in appendix 4 

2.4.5   Addition of Data Controls 

Data controls for the operation of a second fast-speed Develocorder were 
installed at CPSO in December 1963,  and at UBSO and BMSO in February 1964. 
Additions included a relay rack,   2 data control frames, and lb data control 
modules.    One change affected the primary Develocorder.    This consisted of 
removing the single-channel Develocorder Switching Unit,  Model 5970,  and 
replacing it with a dual-channel Develocorder Switching Unit,  Model 18162. 
The new dual-channel switching unit accommodates two complete sets of 
data which can be simultaneously switched to either of two Develocorders, 
e  g. ,  primary and secondary.    No problems were encountered when these 
ariaitions were made.    Each observatory is now recording data on three 
Develocorders daily (four at U3SO).    Data formats currently active are 
shown in tables 3,  4,  and 5. 

2. 4. 6   Installation of Earth-Powered Seismographs 

The earth-powered seismograph at each observatory consists of a vertical 
Benioff Seismometer,  Geotech Model 1051,  located on the experimental pier 
in the Central Recording Building (CRB), and a special 1 :-Hz recording 
galvanometer in the Develocorder on which primary short-period data are 
recorded.    Figure 17 shows the frequency response and lists the operating 
parameters of the earth-powered seismograph.    The maximum magnification 
available from this seismograph is approximately 20K at 1 Hz, 

Noise is present on the earth-powered seismographs at each observatory 
during some periods of operation.    This noise is attributed to two primary 
sources.    When the air conditioning units are operating,  a continuous high- 
frequency noise is generated.    Intermittent noise pulses,  of greater amplitude 
than the air conditioner-induced noise,   result from the movement of personnel 
inside the CRB in the vicinity of the pier room.    Efforts to reduce the effects 
of the high-frequency noise at CPSO showed that capacity filtering was most 
effective,   so capacity filtering was incorporated in the earth-powered seismograph 
circuits at BMSO and UBSO 
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Figure 17.    Frequency response of earth-powered seismograph 
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It •' . desirable to have- two earth-powered seismographs operating simultaneously 
at two magnification levels.   Initially, both 5K and 50K earth-powered seismo- 
graphs were proposed for the VT/J124 observatories.    The 20K seismograph 
was installed as a compromise to expedite the activation of the earth-powered 
seismographs,  because no galvanometer was available that was sensitive enough 
to yield a magnification of 5OK in an earth-powered system. 

The development of a more sensitive galvanometer that can be utilized in a 
50K earth-powered system was considered. Little benefit would be gained, 
however,  from a 50K system unless the level of the noise can be reduced. 

In March 1965,  the earth-powered trace was added to the secondary fast- 
speed Develocorder at BMSO,  CPSO, and ÜBSO.   A 20-30K earth-powered 
seismograph is now recorded on trace 1 of one fast-speed Develocorder and 
a IK earth-powered seismograph is recorded on trace 1 of a second fast- 
speed Develocorder.    These two seismographs are not routed through the 
Develocorder switching unit,  and therefore,  always remain on the same 
Develocorders.    The low-gain, earth-powered traces are useful in recording 
large magnitude signals,   such as that shown in figure 18.    The magnification 
of the earth-powered seismographs is checked weekly by manual weight  lift. 

2.4.7   Installation of Microbarograph 

A microbarograph system was installed at each observatory during the reporting 
period.    This system consists of the following components: 

1 Microbarograph Transducer,  Geotech Model 10741 
1 Transducer Can,   Geotech Model 11057 
1 Oscillator,  Geotech Model 10380 
1 FM Discriminator,  Geotech Model 10821 
1 Filter Amplifier,  Geotech Model 11982 
1 Filter Amplifier,  Geotech Model 12020 
1 Power Distributor,   Geotech Model 12322 
1 Power Supply,  Lambda Model C281-M 

The can,  transducer, and oscilla.or are located at the tank farm; the discrimi- 
nator,  filter amplifiers,  power distributor, and power supply are installed in 
the ORB. 

The can supplies a reference pressure, and the transducer senses differences 
between the atmospheric pressure and the reference pressure.    A signal is 
generated by the transducer,  which is frequency modulated by the oscillator, 
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I 

I and transmitted to the discriminator where the FM signal is transformed into 
analog form.    The resulting analog signal is fed to the two amplifiers,  which 

I divide the signal into high- and low-frequency bands.    The frequency-response 
curves predicted for the high- and low-frequency systems are shown in 
figure 19. 

! All cable and equipment necessary for operation of a microbarograph system 
were installed at CPSO in December 1963,  and at UBSO and BMSO in February 

11964.    An example of the high-frequency data (designated MS) and the low- 
frequency data (designated ML) is shown in figures 9 and 10,   respectively. 

Y 2. 4. 8   Installation and Activation of Wind Indication Systems 

A wind-direction-indication system was designed,  assembled and installed at 
T

5 eich observatory.    It includes an anemometer,  a Wind Direction Indicator, 
; Tojxas Electronics Model 616P,  and a Wind Indicator,  Geotech Model 18515. 

The system records both the speed and the direction of the wind on the same 
T data channel.    The wind speed is recoided by an upward deflection of the 
i| trace for a 7-second interval,  followed by a 1-second baseline.    The base- 

line is followed by a 2-second downward trace deflection indicating wind 
direction. 

This wind-indication system was activated at CPSO in December 1963,  at 
BMSO in January 1964,  and at UBSO in February 1964. 

The wind-indication data (designated WI) as recorded on the secondary fast- 
speed Develocorders are shown in figures 5,  9,  and 13. 

2.4. 9   Installation of Johnson-Ma the son Horizontal 
Short-Period Seismometers  

a* 

Early in November 1963,  the Benioff Horizontal Seismometers,   Geotech 
Model 6102A, used at BMSO,  CPSO,  and UBSO, were replaced by Johnson- 
Matheson Horizontal Seismometers,  Model 7515.    This change allows the 
horizontal SP seismographs to be operated with a frequency response identical 
to that of the vertical SP array instruments.    In addition, the calibrators of 

*. these new seismometers are more stable than those of the Benioff horizontal 
seismometers.    No problems have occurred in the operation of these new 
instruments. 
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Figure 19.    Frequency responses of the high-frequency and low-frequency 
microbarograph system 
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2.4.10 Installation of Frequency Counters 

A Digital Time «ind Frequency Counter, General Radio Model ll.Sl-A, was 
purchased for each observatory.    The counters were modified by adding a 
switch to permit measurement of periods greater than 10 seconds and by 
adding a small coupling transformer to the input connector to increase the 
input sensitivity.    This unit is a solid-state device and operates from an ac 
source. 

The frequency counters have proved very helpful at the observatories in 
performing the following tasks: 

Seismograph frequency response checks 
Tape recorder oscillator alignment 
Routine seismograph calibration. 

Before rhe frequency counter was used, numerous frequency responses appeared 
to be out of tolerance due to inaccurate calibration frequencies.    Time was 
needlessly consumed in adjusting the jeismograph parameters to correct for 
the apparent deviations in frequency response.    Now that frequency counters 
are used, this problem has been eliminated. 

Less time is required to align tape recorder oscillators because the carrier 
frequency can be determined more rapidly with the frequency counter.    In 
addition,   seismograph magnification is more accurately determined because 
the calibration frequency can be set precisely when monitored with the frequency 
counter. 

2.4.11 Installation of Time Encoders 

0 

A Time Encoder,  Model i5925Ml,  and a Time Encoder Auxiliary Output Unit, 
Model 19783, were sent to BMSO and UBSO.    The outputs of the time encoder 
and the auxiliary unit are recorded on channel 1 of magnetic-tape recorders 
No.   1 and No.   2,   respectively.    The two time encoders provide separate 
time-coded outputs with independent data identification and control informa- 
tion.    The progra:n,   shown in figure 20,   is coded in accordance with the 
standard VELA-UNIFORM Time Code. 

The time encoder,  a solid-state digital device,  operates from a dc power 
source and generates a time-coded output.    The auxiliary output unit is also 
a solid-state digital device operating from a dc source.    It takes the time-code 
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signals from the time encoder and generates a time-coded output identical 
to the output of the time encoder,  but generates independent identification 
and control information.    The number of outputs from the auxiliary output 
unit can be increased to four by the installation of additional printed circuit 
boards and associated wiring. 

The time encoders installed at BMSO and UBSO had been troublesome because 
of time changes experienced in the digital logic circuits.    Some modifications 
were made in October 1964 to correct these problems; however,  occasional 
time changes were still being experienced.   In December 1964,  circuits were 
installed in the auxiliary encoder output unit at UBSO to provide an additional 
output of data management information for the buried array data.    At this 
time different wiring and grounding techniques were applied to the internal 
wiring and external cabling of the encoder units; this has been very helpful 
in eliminating the time changes. 

Decoupling capacitors and low resistance fuses were also added to the 
encoders.   Ir January,  changes that were made in the UBSO encoder units were 
made in the BMSO units.   No further time changes have been experienced since 
these modifications were made. 

A dual-channel digital Time Encoder,  Model 13159,   which was available from 
Project VT/036 (WMSO), was sent to CPSO.    This unit is an ac-operated 
solid-state device but performs thf    ame general functions as the Model 15925M1 
encoder.    The unit performed satisxactorily at WMSO except when commercial ac 
power failed.    Before emergency power became available after a failure,  the 
encoder would cease to be synchronized with the timing system.    For this 
reason a 50-VA dc-to-ac Inverter,  Electronic Research Associates Model IT 254B, 
was purchased so that power for the encoder could be drawn from the continuously 
available dc power system.    The Model 13159 time encoder and the inverter 
were installed at CPSO in February 1965.    No further problems were encountered 
and the encoder operated satisfactorily at CPSO for the reraainder of t^o report- 
ing period. 

2.4.12   Installation of Recording Thermometers 

During the early part of May 1964,   Taylor recording thermometers were 
installed at the three observatories.    These instruments provide 7-day paper 
records of temperature fluctuations. 
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2.4.13 Installation of Barometers and Pressure Gauges 

During the reporting period,  each observatory was supplied with a Taylor 
barometer and a Fisher pressure gauge to aid in measuring the time constants 
of the LP vaults in the continuing experiments to reduce LP noise. 

2.4.14 Installation of Beckman Ac Line "vv.l'.age Regulators 

Because the Stevens-Evans Model 760R ac line voltage regulator at UBSO 
performed well after it was installed under the previous contract,   similar 
regulators were installed at BMSO in February 1964 and at CPSO in March 1964. 
These regulators supply power to the PTA's and the magnetic-tape recorder 
electronic.*.    The two regulators are identical to the one at UBSO, but are sold 
under the name of Beckman.    The specifications for this regulator are given 
in table 6; an evaluation of the performance of the three regulators is given 
in section 3. 

2.4.15 Installation of Automatic Tape Capstan Switch 

In December 1964, automatic switching relays were installed in the power 
circuits of the magnetic-tape recorders so that,  if the primary frequency- 1 
regulated power fails, the tape recorder capstan motors will automatically ■ 
switch to commercial power.    This switching relay is supplied with a dual 
indicator lamp assembly.    This modification has proved helpful in avoiding | 
losses cf data when the frequency-regulated power fails. ■ 

2.4.16 Installation of an Array of Buried Seismographs at UBSO 1 

Studies had indicated that the effect of wind-generated no?se on an array of 
seismometers is significantly reduced if the individual elements o* the array | 
are buried to a depth of approximately 200 feet.    Geotech recommended the 
installation of such an array at UBSO, and a supplemental agreement for the 
installation of a 10-element buried array was made to the contract.    The l 
array was installed in the fall of 1964 and became fully operational on 
28 January 1965.    The installation is described in detail in Technical 
Report 65-28. T 

Major considerations in such an undertaking included the selection of the most 
effective array pattern and the most suitable instrumentation to be used.   In T 
addition,   the drilling,  logging, and casing of the holes is outlined, and a brief 
section on the local geol^ jy is included.   TR 65-28 does not attempt to evaluate 
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Table 6.    Specifications for Ac Line Voltage Regulator, 
Beckman Model 760R 

Input ranges 95-15 Vac 
105-125 Vac 
115-135 Vac 

Input frequency 60 cps ±1 cps 

Input current i.2 amperes maximum 

Input harmonics 8% maximum 

Output range 110-120 Vac 

Output pc 0-1 kva 

Regulation (line and load) 0.1% 

Output harmonics Less than 0. 25% 

Harmonic attenuation 40 dB 

Transient rejection 40 dB 

Input/output isolation 100 dB 

Response time 150 |Jisec 

Power factor ranges Full current rating up to 0. 7 leading 
or lagging 

Half current rating to 0 leading or 
lagging 

Operating temperature 0-40oC 
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the effectiveness of the shallow-buried array, but merely documents the 
procedures and considerations utilized in the installation of a shallow-buried 
array. 

Evaluation of the per/ormance and effectiveness of the buried array is planned 
for the future.    Preliminary data indicate that, as anticipated,  the capabilities 
of the surface and buried arrays are about equal for wind  speeds up to about 
20 mph.    The capability of the buried array is superior to that of the surface 
array when wind speeds exceed 20 mph and wind-induced noise is present on 
the surface array seismogram. 

2. 5   CALIBRATION OF TEST EQUIPMENT 

A procedure which does not require that each item be sent to the Garland 
laboratory for calibration,  has been established for checking and calibrating 
the observatory test equipment.    Observatory personnel now check and 
calibrate a major portion of the test equipment. 

Since February 1965,  a dual equipment calibration record/log,for each item of 
test equipment,has been kept up-to-date by the observatory and Garland labora- 
tory personnel.    An example of the record/log is shown in appendix 2. 

A 1 percent standard meter was supplied to the observatories for calibration 
of test equipment only.    The meter is a Multimeter, Weston Model 80, with 
an accuracy of 1 percent of full scale. 

2.6   EQUIPMENT INVENTORY 

To simplify the task of maintaining accurate records of observatory instrumen- 
tation,  inventory information is now routinely stored on IBM cards.    A key- 
punch format was devised and the system was established in February 1965. 
A typical page from a printout of the in/entory is shown in figure 21.    An 
up-to-date printout is sent to each observatory each month so the inventory 
can be checked. 

\ 
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CJ MAY 1965 
VT/UZA EQUIPMENT INVENTORY 

ITEM   DESCRIPTION 
HEL! AilPLlFlE« 
HELI AMPLIFIER 
DEV SWITCH UNIT 
DEV CODING UNIT 
DEV COOING UNIT 
HELICORDER 
HELICOROER 
DEVEUOCORDER 
DEVELOCORDER 
DEVELOCORDER 

V CONSOLE 
MAG TAP" RECOROR 
MAG TAPE HECOROR 
CALIBRATOR 
CAL CONTROL UNIT 
CAL CONTROL UNIT 
C*L CONTROL UNIT 
CAL SWITCHG UNIT 
FUNC GENERATOR 
FREQ COUNTER 
WIND INDICATOR 
RADIO RECEIVER 
RADIO RECEIVER 
RADIO CONTROL 
RADIO T S CONVTR 
TIMING SYSTEM 
PROGRAMMER 
TIME ENCODER 
AUX  ENCODER 
TIME CONTROLUNIT 
SYNC CLOCK 
TIME MARK UNIT 
PWH AMPLIFIER 
PWR AMPLIFIER 
PWH AMPLIFIER 
PWR CONTROL UNIT 
AC VOLTAGE REG 
AC VOLTAGE REG 
AC CV XFORMER 
REMOTE PWR CONT 
DC-AC INVERTER 
DC VOLTAGE REG 
SAFETY SWITCH 
BATTERY CHARGER 
BATTE«Y CHARGER 
BATTERY BANK 
TRANSCEIVER 
TWANSCEIVER 
TRANSCEIVER 
FILM COPIER 
FlLK VIEWER 
FlLh VIEWER 
FILM VIE*ER 
OPERATING CONSOL 
OSCILLOSCOPE 

MF« MODEL MFR SN Q'JAN CONTRACT 10 LOCATC 

GEOTECH 4903 251 43486 123 8M0 

GEOTECH 4983 263 434oC 164 BMO 

GEOTECH 18162 3 12373 32 8M0 

GEOTECH 6281 25 43486 85 BMO 

GEOTECH 6281 26 43486 86 BMO 

GEOTECH 2<»84-'. 209 43486 106 BMO 

GEOTECH 2484-3 220 43486 49 BMO 

GEOTECH 4000 70 43486 184 BMO 

GEOTECH 4000 71 43486 182 BMG 

GEOTECH 4 000 85 43486 190 BMO 

GEOTECH 6484 3  EA 43486 USAF BMO 

HONEYWELL 7360 18257 43486 269 BMO 

HONEYWELL 7360 18259 43486 283 ÖMO 

GEOTECH 9212 4^. 43486 185 3M0 

GEOTECH 9300 144 43486 111 8M0 

GEOTECH 9300 143 43486 112 BMO 

GEOTECH 9226 16 43486 193 8W0 

GEOTECH 8048 17 43486 216 BMO 

HEWLT PACK 2 02 AR 3709188 43486 17 BMO 

GEN RADIO 1151AR 157 12373 38 BMO 

GEOTECH 13515 EXP 12373 BMO 

COLLINS 51J4 6319 4348*> 144 BMO 

SPEC PROD WVTR 35 4J48u 25 BMO 

GEOTECH 11230 1 43486 215 BMO 

GEOTECH 5390 78 43486 142 BMO 

GEOTECH 11880 4 43486 129 BMO 

GEOTECH 11395 2 43486 383 BMO 

GEOTECH 1S925 5 12373 40 BMO 

GEOTECH 19783 X439 12373 BMO 

GEOTECH 7136 41 43486 74 BMO 

ABBEY SMC130 6119 43486 177 BMO 

GEOTECH 13495 EXP 43486 USAF BMO 

GEOTECH 9231 19 43486 140 BMO 

GEOTECH 9231 21 43446 150 ÜMO 

GEOTECH 9231 32 43486 195 BMO 

GEOTECH 7679 18 43406 214 BMO 

GEN RADIO IS70ALH 4125 43486 28 BMO 

BECKMAN 760R 251 l*i37J 36 BMO 

SOLA 2325220 K135 43486 109 BMO 

GEOTECH 11901 1 43486 391 BMO 

CARTER EP1050C 9701 43486 40 BMO 

GEOTECH 11219 4 43486 387 BMO 

BULLDOG JN423 43486 USAF 3M0 

CHRISTIE 8I260UR BC211 4 3486 47 BMO 

CHRISTIE BI260UR BC213 43486 46 BMO 

NICAO JOM 31 20  EA 43486 USAF BMO 

CADRE 500 57007 10 BMO 

CADRE 500 57007 12 BMO 
MEATHK1T GW21 USAF BMO 
T-1ERMOFAX FLMC100 23EA007y7B 43*86 330 EMO 
GEOTECH 6585 49 43486 76 BMO 

GEOTECH 6585 62 4 3486 276 BMO 
GEOTECH 6505 91 •.£373 I EMO 
«EOTECH 83 72 A 43486 JSAF SMO 
TEKTRONIX ■302 5421 4 3486 24 BMO 

Figure 21.    Typical page of observatory inventory printout 
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3.    EVALUATION OF STANDARD INSTRUMENTATION 
AT THE VT/1124 OBSERVATORIES 

3. 1   CALIBRATOR MOTOR CONSTANTS 

3. 1. 1   Determination of Seismograph Motor Constants 

The motor constants (G)   are determined by comparing the seismogram trace 
deflection produced by manual weight lift and deflections produced by pulses 
generated by dc 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 smallest weight used on any of the seismographs is 0. 2 gram; 
however, except for the short-period Johnson-Ma the son (JM) 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 lifted manually without introducing 
significant error, and because 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 seismoi^eters at the VT/1124 
observatories.    A new type of calibration actuator that is linear over a greater 
range of dc currents is now available for the JM seismometer.    Tests of this 
calibrator conducted at CPSO are discussed in section 3.13. 

The motor constants of the calibration actuators of all seismograph& were set 
to their specified values during the last 6 months of 1962 when the seismo- 
graphs were installed.    Since that time, the motor constarts of the short-period 
array instruments have been determined annually and the motor constants of the 
seismographs in the three-component system have been determined semiannually. 
Calibrator motor constants were also determined when seismometers were 
replaced or repaired and for special tests. 

The motor constants were adjusted when their measured values deviated from 
the specified values shown in table 7 by more than 3 percent.    This was 
accomplished for the various seismometers as follows: 

^The motor constant "G" is defined as the force in newtons exerted en 
the mass per ampere of current passed through the calibrator coil. 
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a. Short-period JM - by adjusting the outer pole piece c-T the 
calibration actuator; 

b. Three-component long-period,  broad-band,  and intermediate-band 
vertical - by adding magnetic shunts to or by removing them from the appropriate 
magnet; 

c. Intermediate-band horizontal - by adjusting a resistive shunt in the 
line termination module at the CRB. 

3.1.2   Variaticn m the Motor Constants of the Short-Period Seismographs 

The variations that occurred in the motor constants of the short-period seismo- 
graphs before July 1964 were reported in TR 64-3 and TR 64-87.    The percentage 
changes since July 1964 are listed in tables 8,  9,  and 10. 

The average changes in motor constants for all short-period instruments between 
the 1963 and the 1964 annual G determinationa were 2. 8,   2. 6, and 2. 1 percent, 
respectively, for BMSO,  CPSO, and UBSO.    The averrge changes .in motor con- 
stants for the three-component short-period systems that occurred between the 
1964 annual check and the 1965 semiannual G detetminations were 1. 6 and 
I. 7 percent,  respectively, for BMSO and UBSÜ.    The 1965 semiannual motor 
constant determination for CPSO were not scheduled during this reporting period. 

The most serious changes,  12. 3 percent on Z6 and 7. 9 percent on Z19 at CPSO, 
are attributed to the fact that the 1964 check of G's was made before we started 
degaussing the short-period seismographs after lightning storms.    The values of 
these earlier G's probably include both the effects of magnetic changes induced 
in the calibrator pole pieces by lightning current pulses and normal motor 
constant variations.    Changes in the values of G for the other short-period 
seismometers at CPSO were less than 6 percent, as were the changes for all 
short-period instruments at both BMSO and UBSO 

3. 1. ?   Vctriations in the Motor Constants of the Intermediate-Band, 
Broad-Band,  and Long-Period Seismographs  

The percentages of change in intermediate-band,  broad-band,  and long-period 
motor constants found when the 1964 annua1 G's and the 1965 semiannual G's 
were determined are given for each observatory in tables 8,  9, and 10.    The 
average change in motor constants for ^ach system is presented in table 11. 
Changes that occurred earlier during the contract were reported in TR 64-3 
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and TR 64-87.    At UBSO the greatest average change was 2. 9 percent for the 
intermediate-band system.    This change occurred between October 1964 and 
April 1965.    The maximum change for an individual component,   5. 2 percent 
for the long-period north-south seismometer,  also occurred during this period. 

At CPSO the 1965 semiannual G determinations were not scheduled during 
this reporting period.    The average changes in G between July and November 
1964, the time of the 1964 annual motor constant check,  were ail less than 
2. 0 percent, and the maximum change for an individual component was 2. 7 per- 
cent ^determined for the long-period vertical seismograph). 

The BMSO data show that the motor constants for the broad-band and 
intermediate-band seismographs were not as stable as the\ were at the other 
observatories.    The greatest average change fur these systems was 6. 7 per- 
cent for the borad-band system and the maximum change of an individual 
seismograph (11.1 percent) occurred on t.ie broad-band east-west.      The rea- 
sons for these larger variations are not known; however,  it is probable that 
several factors are responsible for the poorer stability of these BMSO 
seismographs. 

3. 1. 4  Application of the Degaussing Procedure to the Short-Period 
Johnson-Ma the son Seismographs at CPSO  

Under Project VT/OZb, we developed a procedure to improve the stability of the 
short-period JM seismographs by degaussing the calibrator before the motor 
constants were measured and adjusted,  and after each lightning storm.    The 
development and laboratory tests of this procedure were reported in TR 64-118. 

Field tests to determine the improvement in the operational stability of calibrator 
motor constants that could be obtained by routine use of the degaussing technique 
were begun in May 1964 at CPSO,  the observatory that experienced the most 
electrical storms and sustained the most extensive equipment damage as a 
result of these storms. 

When the semiannual check of the motor constants of the three-component 
system    were made in May 1964,  the calibration actuator of Z8 (vertical component 
of the tnree-component short-period system) was degaussed before t.ie motor 
constant was adjusted and after subsequent lightning storms.    The degaussing 
procedure was adopted for all other short-period JM seismometers when the 
annual motor constant checks of all array elements were made in September 
and October 1964.    Determinations of motor constants of the array elements 
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before and after degaussing the calibrators indicated that, between the check 
at installation and the 1964 check,  the pole pieces of the JM calibration 
actuators had been magnetized by lightning-induced current pulses to a degree 
adequate to alter some of the motor constants by more than 5 percent. 

Between the May and the September-October 1964 checks of the motor constant 
of Z8,  its motor constant changed only 1.9 percent.    This could not b   attributed 
to lightning-induced current pulses because the change was not compensated by 
debaussirg the Z8 calibrator.    The 1.9-percent change in the motor constant 
of Z8 is within the limits cf accuracy of measurement. 

The results of these field tests at CPSO substantiated the f?.ct that the opera- 
tional stability of short-period JM calibrator motor constants can be improved 
by routine use of the degaussing procedure,  initially indicated by the laboratory 
tests and parallel field tests conducted at WMSO.   We recommend that routine 
degaussing of the JM calibrators after electrical storms and before motor 
constant checks be continued at CPSO and that the procedure be adopted at 
BMSO and UBSO. 

3.1.5   Stability of Seismograph Motor Constants 

Figure 22 is the frequency distribution of the absolute value of the percentage 
deviation of G's from the previous G for 105 determinations made at the three 
observatories before July 1964 and 95 determinations made since July 1964. 
The data from the 105 G determinations made before July 1964 show thac the 
deviation was greater than 5. 9 percent for 22 determinations,  but the absolute 
value of the percentage deviation exceeded 5. 9 percent for only seven of the 
determinations made since July.    This improvement is the result of several 
procedures adopted to improve the stability of the motor constants of th~ 
observatory seismographs.    These procedures include: 

a. The installatio.i of Model 7515 horizontal short-period seismometers. 
The calibrator of these seismometers   is more   stable than those of the 
Model 6102A seismometers previously used; 

b. Periodic detailed testing and checking of the calibrator circuits; 

c. Refinement of measuring techniques. 

These procedures and techniques are outlined in the standard jperating pro- 
cedures manual (TR 64-59).    An addition will be made when the manual is 
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revised to require an immediate and thorough investigation to determine the || 
cause of motor constant deviations that exceed 4 percent.    This,  in addition 
to the degaussing procedure recommended for all short-period seismographs, 
is expected to further improve the stability of the motor constants. f| 

3.2   LIGHTNING Pl^ TEC TION II 

3. 2. 1   Summary of Lightning Damage 
;§ 

Seismograph damage resulting from lightning storms continues to be a major 
problem at some of the observatories.    Many of these storms resulted in 
losses of data because of damage to the instrumentation.    FigureP '.':.J and 24 !| 
show the distribution of the storms and the resulting damage to instrumentation; 
blown fuses,  shorted carbon blocks, and flipped mirrors in the galvanometers 
(not shown in figures 23 and 24) accounted for many of the data losses. !| 

3.2.1.1   BMSO 
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Damage frc™ lightning is not serious at BMSO; throughout the recording period 
there were only five storms.    Damage to I seismometer data coil and 3 PTA 
galvanometers resulted from these storms.    Two of the galvanometers, danaaged 
in a storm in April 1965,  were experimental models of an adjustable period 
galvanometer.    Examination of the damaged experimental galvanometers yielded 
no evidence that they are more susceptible to damage by lightning than are the 
standard 3-Hz galvanometers,  and in our opinion, the fact that two of the 
experimental galvanometers were damaged is coincidental.    Few fuses were 
blown or carbon blocks damaged during Project VT/1124. 

3.2.1.2   CPSO 
LI 

Lightning is a major problem at CPSO; there were 164 electrical storms during 
the reporting period.    A total of 79 inches of rain also added to the problems i j 
at the observatory.    The distribution of the storms is shown in figure 23, which 
also shows the distribution of the damage to seismometers,  PTA galvanometers, * 
and magnetic-tape recorders.    A summary of the other damage is given in the 
insert to figure 23.    Data were lost on 92 occasions because of blown fuses or 
because of flipped galvanometer mirrors. . 

Damage caused by major storms in this recording period included: 
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13 May 1964: In addition to damage shown in figure 23,  all data traces 
were lost except the earth-powered seismograph.    The 
microbarograph was out of operation for 7 horrs. 

25 March 1965:      This was the most severe storm that occurred at CPSO 
during the contract,  and the damage to the instrumentation 
was the most extensive from a single storm.    In addition 
to the damage indicated in figure 23,  eleven sections of 
spiral-four data cable were damaged or destroyed.    A 
Lightning Protector,  Cook Model 36,  used in one of the 
station protectors,  and a Lightning Protector,  Reliable 
Electric Model 2000H, used at one of the seismometer 
vaults were destroyed. 

3.2. 1.3   UBSO 

Forty-five electrical storms occurred at UBSO during the reporting period,  but 
damage to instrumentation was light.    The damage and the distribution of the 
storms are given in figure 24.    No lightning protection fuses were blown. 

On 22 April 1964,  the main line supplying commercial power to UBSO was 
struck by lightning resulting in a power failure of 14 hours and 16 minutes. 
Secondary power from the Nicad battery bank was available for only 3. 25 hours 
instead of the normal 6 hours, because during an earlier power failure,  the 
batteries were used and sufficient time had not elapsed for the batteries to be 
fully recharged.    Data were lost for about 11 hours. 

3. 2. 2   Recommendations for Improvements in Lightning Protection Systems 

Figures 23 and 24 show that the frequency of electrical storms and the severity 
of the damage to instrumentation resulting from the storms varied greatly among 
the three observatories.    In all instances,  however,  the damage to instrumen- 
t .tion was low compared to the frequency of the storms.    Many losses of data, 
not reflected in figures 23 and 24, were caused by blown fuses,   shorted carbon 
blocks,  and flipped mirrors in the galvanometers. 

We recommenu ,iiat the present protector systems to replaced with Associated 
Electrical Industries,  Ltd. (AEI) Type 16A protectors in critical circuits operated 
in observatories that experience frequent severe lightning storms.     The AEI 
protector is a three-electrode gas-filled tube.    Two of the electrodes are placed 
across a pair of conductors,  and the third electrode is grounded.    If the break- 
down voltage (150-350 volts) is reached across one pair of electrodes,  the gas 
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in the tube is ionized and the second pair of electrodes will break down within 
about 1 microsecond. 

These protectors have been installed experimentally at WMSO and have been 
laboratory tested to some degree in Garland.    The protection offered by the AEI 
protectors at WMSO is greatly improved over the protection afforded by the 
conventional carbon blocks previously used.    Even in circuits in which AEI 
protectors are used, a small voltage (less than 150-350 volts) with a fast rise 
time can cause a galvanometer mirror to flip before the potential has been 
discharged.    We believe that protection can be further increased by the use of 
inductances and/or faster operating diodes in the circuits associated with the 
AEI protectors.    Efforts will be made under Project VT/5054 to develop 
improved associated circuitry. 

In view of the difficulties experienced at CPSO, we recommend that the critical 
circuits in this observatory be equipped with the AEI protectors.    We do not 
presently recommend that BMSO and UBSO be equipped with the AEI protectors. 
After the evaluation of the AEI protectors being conducted at WMSO is complete, 
the merits of installing them at JJMSO and UBSO will be reconsidered. 

3. 3   OPERATIONAL CHARACTERISTICS OF FREQUENCY RESPONSE 

3. 3. 1   General 

The frequency response of each seismograph was measured monthly at each 
observatory.    Adjustments were m     - when a response deviated beyond the 
specified tolerances (table 2) at any frequency. 

Data collected from December 1963 through December 1964 were used to 
compile statistics for each seismograph system to determine the average and 
the "worst case" positive and negative deviations at each frequency from the 
norms specified in table 2. 

Only data from the initial monthly measurements (before adjustment of response 
when adjustment was required) were selected for use in this study.    These data 
were used to show the annual average maximum range of frequency response 
characteristics within which the seismographs were operated.    A computer 
program was written to calculate the data for these average deviations.    The 
program subtracts the norm at each calibration frequency from the normalized 
value of the observed magnification at that frequency,  cumulatively sums the 
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positive and the negative deviations at each frequency,  and divides the 
cumulative sums by the nun. >er of values summed in each "cell. "   Zero 
deviations are tabulated separately and the number in each cell is divided 
equally between the positive and negative deviations. 

3. 3. 2   Short-Period Frequency Responses 

3. 3. 2, 1   Variations in Short-Period Frequency Responses 

The norms at two points on the short-period frequency response were changed 
during the reporting period.    The magnification at 4. 0 Hz (0. 25 second) was 
changed from 2. 0 to 1. 87 relative to the magnification at 1 Hz and the magni- 
fication at 0. 2 Hz (5 seconds) was changed from 0. 0120 to 0. 0113 relative 
to the magnification at 1 Hz.    The allowable tolerances were also reduced at 
some frequencies, as shown in table 2.    The norm value used to calculate 
the average deviation data was,  of course, the norm specified at the time the 
response was checked;  however, the norm and tolerance data plotted in the 
curves presented in this section are the values specified at the end of the 
project.    Frequency response deviation data were calculated in percent of the 
norm to facilitate accurate plotting relative to the values used in April 1965. 

3. 3. 2. 1. 1   BMSO.    All short-period seismographs for the period December 1963 
through December 1964 were considered at BMSO. 

An average of 6. 3 of the 12 short-period seismographs required minor adjust- 
ments monthly to bring them back within the allowable tolerances.    Figure 25 
shows the allowable tolerances from the norms for short-period seismographs, 
the envelope of the maximum positive and negative deviations fiom the norm at 
each frequency, and the envelope of the average maximum positive and negative 
deviations. 

3. 3. 2. 1. 2   CPSO.    At CPSO, the variations in 10 of the 19 short-period vertical 
seismographs (Z1-Z10) and the two horizontal seismographs were considered 
in this study. 

An average of 2. 7 of the 12 seismometers under consideration required minor 
adjustments each month. 

In late March and early April 1964, the damping of the short-period PTA's was 
corrected.    This proved to be a major factor in decreasing the number of out- 
of-tolerance points in the frequency responses and the range of the deviations. 
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Figure 25,    BMSO short-period seismograph frequency response 
illustrating worst case deviations,  specified tolerances, and 

average maximum deviations measured during the period 
December 1963 through December 1964 
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This can be clearly seen in figure 26.    Figure 26 ^hows the allowable 
tolerances,  the maximum deviations before and after correction of the PTA 
parameters, and the envelope of the average maximum positive and negative 
deviations from the norm. 

3. 3. 2. 1. 3   UBSO.    All short-period surface seismographs were considered 
at UBSO. 

An average of 3. 1 of the. 12 seismographs required minor adjustments each 
month.    During the last 2 months of the project,  the frequency response of 
o;dy one UBSO seismograph of any type deviated beyond the allowable tolerances. 

Figure 27 shows the allowable tolerances from the norms, the envelope of the 
maximum positive and negative deviations at each frequency, and the envelope 
of the average maximum positive and negative deviations from the norm. 

3. 3. 2. 2   Causes of Variations in Short-Period Frequency Response 

Figures 25, 26, and 27 show that the frequency responses of the seismographs 
change from month to month. The task of correcting the responses that drifted 
out of the allowable tolerance has been rather time consuming, especially with 
the tighter tolerance that was imposed in March 1964. This task was lessened 
somewhat during the latter part of the reporting period by the use of improved 
techniques, adjustments in the frequency response norms, and better control 
of parameters. 

The following factors are considered to be the primary causes of the instability 
of the frequency responses: 

a. Seismometer damping variations. These are the primary cause ot 
actual changes in the frequency responses. (Seismometer damping control Is 
discussed in section 3. 3. 2. 3. ) 

b. Seismometer free period.    This parameter is usually quite stable 
and is usually not a problem; however,  on rare occasions malfunctions have 
caused deviations in this parameter.    Deviation of the seismometer free period 
from the specified value contributes significantly to the deviations of frequency 
response.    The malfunctions that have occurred were caused when the seis- 
mometer was being moved or by condensation that had accumulated inside the 
seismometer case. 
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c. Galvanometer damping and free period.    Figures 25,   26,  and 27 
show that a major deviation occurred in the average frequency response between 
0. 25 and 0. 6 second,  the area most affected by variations in the galvanometer 
free period and damping.    Indications are that these parameters are stable, 
although no recent study has been made of actual stability oi the galvanometer. 
If these parameters could be readily adjusted in the field,  they could be main- 
tained with less deviation from the desired values and would be less of a 
problem. 

d. Measurement inaccuracies.    A check of possible errors in measur- 
ing the frequency responses showed that this could be a major source of the 
"instabilities. "   T^^le 12 shows that the estimated .neasurement error at X10 
view on a Develocorder (usually about 0. 5 rrim) can be of the same order as 
the allowed deviation from the mean at some frequencies.    In other words, 
the changes in magnification from in-tolerance one month to out-of-tolerance 
the next month could be due entirely to measurement error.    This is particularly 
true at 8. 0 and 10. 0 Hz,  where the signal-to-noise ratio is very low.    In 
January 1965 ve recommended that calibration at 8. 0 and 10 Hz no longer b*» 
required.    The Project Officer approved this recommendation and calibr?tion at 
these frequencies was stopped in April 1965. 

3. 3. 2. 3   Seismometer Damping Control 

Early in the project,  considerable interest was expressed in reducing devia- 
tions in the frequency responses of the short-period seismographs at all 
observatories.    Tests showed that changes in seismometer damping (Xg) were 
among the major contributors to the deviations in short-period frequency 
responses.    WJ decided to check the damping of all seismographs at all observa- 
tories weekly. 

Checks were made and the seismometer damping calculated from the overshoot 
ratio (X1/X2) of dc pulses applied to the seismometer (figure 28),   An overshoot 
ratio of 6. 5 to 1 gives the nominal seismometer damping of 0. 51 so limits of 
5. 5 to 1 and 7. 5 to 1 were »et. 
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Xi   =   Average initial deflection amplitude resulting from a series 
of dc pulses measured on Develocordcr as shown. 
In method A,  deflection is center to peak; in method B, 
peak to peak. 

X2   =   Average overshoot amplitude of a series of dc pulses. I 
I 
I 
I 

Method A Method B 

Figure 28.    Pulse amplitude measurements from which seismometer I 
damping was calculated 

I 
Initially,  method A (figure 28) was adopted but the reduction in the number of 
out-of-tolerance frequency response points was less than anticipated.    A review 
of the procedures used at the observatories revealed that different values of | 
damping were being measured by different personnel for the same seismometer 
at a given time.     The revised method of measurement,  method B,  was adopted. 
Because the method of measurement was clearly specified,  more nearly con- | 
sistent measurement of the overshoot ratio resulted. 

Sometimes it is not possible to maintain the seismograph frequenc/ response | 
in tolerance using the specified overshoot rdtio range.     The overshoot ratio 
range in which in-tolerarce frequency responses are obtained, varies from « 
seismometer to seismometer; therefore,   in February 1965,  we began adjust- | 
ing the seismometer damping to the values required to maintain in-tolerance 
frequency responses.     This seismograph-to-seismograph Variation in seic- _. 
mometer damping is attributed,  at least in part,  to the fact that variations in | 
galvanometer free period,   galvanometer damping,  and seismometer free period 
contribute to frequency response deviation,  and these variations are all being -, 
compensated by adjustments of seismometer damping.    Since this procedure Ij 
was adopted,  the weekly damping checks have been more effective; however, 
their usefulness in controlling the seismometer damping is still limited by « 
measurement accuracies. I 
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On numerous occasions,   the contact resistances of the damping and gain trim 
potentiometers in the line termination module vary.     The effects of these 
variations are compounded by changes in the data line resistance due to 
temperature variations.     This changes the damping resistance of the seis- 
mometer,  which in turn changes the frequency response of the seismograph. 

Based on these observations,  a test designed io control the seismometer 
damping resistance of the short-period seismographs was initiated at UBSO 
in February 1965.    An "ideal value" of data line resistance was selected for 
each seismograph by measuring the damping resistance of each seismometer 
when its response was near the center of the tolerance range.     These measure- 
ments were taken by opening the data line circuit at the line termination module 
and measuring the resistance of the data line looking toward the seismometer 
and also toward the PTA (infinitely attenuated).    A weekly line resistance check 
was then made in place of the weekly damping check,  and the line resistance 
adjusted to the ideal value,   if necessary.    Line resistance adjustments were 
made by resetting the damping trim potentiometer.    Using this method to 
maintain seismometer damping,  the number of the recalibrations necessary 
to obtain in-tolerance responses at UBSO has been reduced considerably. 
The following tabulation compares the number of recalibrations required 
during the first 2 months in which damping resistance control was used and 
the number required during 3 months in which the overshoot ratio was used 
to control seismometer damping. 

Method Month Recalibrations 

Overshoot 
Overshoot 
Overshoot 
Resistance 
Resistance 

Based on the favorable results obtained from the tests at UBSO,   we recom- 
mend that in place of the presently used overshoot ratio check,   the weekly 
data line resistance check be adopted at all observatories as a control para- 
meter for seismograph frequency responses.    In addition,  we plan to modify 
the line termination module to permit measurement of damping resistance 
without removal of   he line termination module from its mounting frame,  and 
to replace the present damping and gain trim controls with more stable multi- 
turn potentiometers.    We ?lso recommend that a more accurate device,   such 
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as a resistance bridge, be procured for use in making precise line resistance 
measurements at each observatory. 

3. 3. 2.4   Stability of Short-Period Frequency Responses 

We believed that there was a relationship between the month-to-month changes 
in seismograph frequency response and the number of out-of-tolerance points 
measured for a particular seismograph.    Data were compiled for the three 
observatories for the period December 1963 through December 1964.    The 
pattern of the variations was the same for each observatory,    Because CPSO 
is the observatory at which the most lightning occurs and is subject to the 
greatest changes in frequency responses,  only CPSO data are shown in this 
report.    Table 13 shows two groups of CPSO seismographs,  those that were 
most frequently out-of-tolerance and those that were least frequently out-of- 
toleranee.    Note that there is little difference between the mean percentage 
change at each frequency for each group.    In fact,  the overall average monthly 
change was of the same order as the estimated measurement errors between 
monthly measurements given in both tables 12 and 13.     The number of out-of- 
toleranee deviations is a function of the proximity of the measured response to 
the tolerance limits,  rather than a function of the month-to-month changes in 
relative magnification. 

3, 3. 2. 5   Summary of Changes in and Recommendations for the 
Short-Period Frequency Response 

3. 3. 2. 5. 1   In summary, the following changes that affected the short-period 
frequency response stability were made during Project VT/1124. 

a. The allowable tolerances were narrowed on I March 1964 
(see table 2). 

b. In April 1964,  frequency counters were installed at each observatory 
to facilitate precise setting of the r"libration frequency. 

c. The norms (table   2 ) at 4. 0 Hz and 0. 2 Hz were corrected in March 
and November 1964,  respectively.    Before these corrections were made,  the 
useable range of tolerances was considerably less than the allowable range of 
tolerances specified. 
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c.    Modify the short-period PTA galvanometers at the three observa- ■ 
tories to allow accurate adjustment of the galvanometer free period in the 
field.    Three prototype galvanometers with adjustable free periods,  purchased | 
under Project VT/4054, were evaluated at BMSO as part of the tests of the * 
pulse-cancellation procedure.    Variations in galvanometer damping and free 
period can cause frequency responses to deviate over more than half of the I 
allowable tolerance range at some frequencie J and still be in tolerence (see * 
section 3. 15).    If this occurs,  at these frequencies,  the remaining allowable 
response deviations due to measurement inaccuracies and deviations in seis- i 
naometer parameters are very small. If the galvanometer parameters could 
be more accurately controlled, the other parameters that affected frequency 
response stability could deviate more without causing the frequency response r 
to exceed tolerances. 

The reduction in frequency response deviations that resulted from the changes 
listed in items a;  b,  and c are not reflected in the worst case deviations shown 
in figures 25,   26,  and 27,  because they were made after the beginning of the 
sampling interval from which data were selected. 

3. 3. 2. 5. 2   We recommend the following to improve the stability of the frequency 
responses: 

a. Retain the tolerances presently specified for the short-period 
frequency responses because closer tolerances will be of little or no value 
unless improved techniques are developed for more accurately measuring 
the sine wave calibrations. 

b. Modify the short-period PTA's at CPSO and UBSO by installing a 
resistive control to facilitate accurate adjustment of the galvanometer damping. 
A network of this type was installed in all short-period PTA's at BMSO in 
February and March of 1965 in conjunction with pulse-cancellation experiments. 

e. Make minor modifications to the line termination n-odules and 
supply an accurate resistance measurement device to each observatory to 
facilitate precise measurement and adjustment of damping resistance. 

f. Investigate a more suitable potentiometer whose stability is not 
adversely affected by variations in err-ironmental conditions. 
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d.    Use the weekly measurement of seismometer damping resistance | 
to control seismometer damping,   replacing the overshoot r< i o measurement. 

1 



i 
I 
I 
I 

I 
I 
I 
I 
I 
I 

1 

3. 3. 3   Variations in Intermediate-Band Frequency Responses 

Data similar to those compiled for the short-period seismographs were 
compiled for the intermediate-band seismographs.    The period sampled was 
again December 1963 through December 1964.    Data were taken lor the three- 
component intermediate-band seismographs at the observatories.    In March 1964, 
the allowable tolerances were increased as shown in table 2 because too much 
time was required to maintain tolerances previously specified. 

Figures 29,   30,  and 31 show the allowable tolerances,  the worst case positive 
and negative deviations,  and the average maximum deviations from the norms 
at each frequency for the intermediate-band seismographs at BMSO,  CPSO, 
and UBSO,   respectively. 

As shown,  the major deviations occurred at CPSO.    Some of the Hrge deviations 
in the intermediate-band system at CPSO were due to faults in the east-west 
horizontal seismograph that developed in January 1964.    Lightning damaged a 
potentiometer in the Line Termination Module,  Model 5874C. and this produced 
large changes in the damping of the seismometer.    These large changes in 
seismometer damping were one of the main causes of the variations that 
occurred in the long-period portion of the response curves.    Difficulties 
were also experienced with the optical   system of one of the PTA's.    These 
problems resu'ted in the large worst-case deviations observed between 
0, 2 to 0. 3 second. 

3.3.4   "Variations in Broad-Band Frequency Responses 

Broad-band frequency response variations were calculated from the frequency 
response data measured from the three-component broad-band seismographs 

I at each observatory from Docember 1963 through December 1964.    The allow- 
able tolerances for the broad-band system were widened in March 1964 
(see table 2),  because the previously specified tolerances were too narrow to be 
practically maintained. 

Figures 32,   33,  and 34 show the allowable tolerances,  the worst case positive 
and negative deviations,  and the average maximum deviations observed at each 
irequency for the broad-band seismographs at BMSO,  CPSO,  and UBSO,   respec- 
tively,  during the sampling interval. 

These data show that,  on the average,  the frequency responses of the broad-band 
seismographs were quite stable.    The largest deviations occurred in the 8- to 
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Figure 30.    CPSO intermediate-band seismograph frequency 
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Figure 31.    UBSO intermediate-band seismograph freqxiency 
response illustrating worst case deviations,  specified 

tolerances,  and average maximum deviations 
measured in the period December 19'' 

through December 1964 
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25-second period range,  the range in which variations in sersmometer damping 
and free period have the greatest effect on seismograph frequency response. 

3. 3. 5   Variations in Long-Period Frequency Responses 

Data similar to those presented for the short-period,  intermediate-band,  and 
broad-band seismographs weie calculated for the three-component long-period 
seismographs at each observatory from December 1963 through December 1964. 

Figures 35, 36, and 37 show the allowable tolerances, the worst case deviations, 
and the average maximum deviations measured for the long-period seismographs 
at BMSO,  CPSO, and UBSO, respectively. 

3. 4   OPERATIONAL STABILITY OF SEISMOGRAPH MAGNIFICATION 
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In general, the operational ^tdbility of the long-period seismographs at CPSO 
and UBSO was quite satisfactory.    Figure 35,  however,   shows that some 
problems existed at BMSO.    A major factor causing these deviations is that 
this observatory was subjected to very heavy and frequent snowfalls during 
the winter of 1963-1964.    The accumulation of snow made it impractical to | 
uncover the vaults to reset the seismometer free period    -^"d no adjustments were ■ 
made at the vaults during the winter.    During this interval the seismometer free 
periods changed from 20 to about 17 seconds, and the frequency responses of the f 
long-period seismographs at BMSO were only marginally in-tolerance even ■ 
alter adjustment. 

I To prevent a recurrence of some of these problems,  we recommend that 
remotely controlled seismometer free period adjustment devices be added to the 
long-period seismometer so that this parameter can be more practically con- I 
trolled during the winter. 

I 
3.4.1   Operational Stability of Short-Period, Intermediate-Band,   Broad-Band, i 

and Long-Period Seismograph Magnification  

Daily calibration checks were performed on the seismographs at each obsera- I 
tory to determine the system magnification.    If the deviation from the standard 
magnification exceeded the specified operational tolerance (table 14),  adjust- _ 
ments and recalibrations were performed.    The calibriition logs for April 1965 I 
were examined to determine the average deviation from the standard magnifi- 
cation, and the number of times adjustment and recalibration were necessary. 
These data are shown in table 14.    Only 12 of the short-period instruments at I 

I 
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illustrating worst case deviations,   specified tolerances, 

and average maximum deviations measured in the 
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each observatory were used ir the tabulation of data.     The maximum average 
deviation on the short-period seismographs (5 percent) occurred at UBSO 
where difficulty was experienced with the PTA  in the north-south seismograph. 
During April,   13 of the 44 adjustments and recalibrations required were made 
on this seismograph. 

Data from the last 2 weeks of April from the long-period seismographs at 
UBSO were not considered because the vaults and seismometers were being 
serviced. 

3.4. 2   Error in Trace Magnification for the Filtered Summation at UBSO 
and CPSO  

When daily calibrations are made at each observatory to determine the magnifi- 
cation of the very high-gain traces,   such as the summation or summation filtered 
for the short-period array, attenuation at the data control module is necessary 
to prevent clipping.     The use of a smaller calibration signal without attenuation 
at the data control module will prevent clipping; however,  this is not practical 
because the signal-to-noise ratio is too low for accurate measurements. 

3.4.2.1   UBSO 

During December 1964 and January 1965,  a review of measurements of back- 
ground noise trace amplitudes indicated that on or about 19 August 1964 an 
abrupt change occurred in the magnification of the filtered summation seismo- 
graph channel (2TF) recorded in the primary data group.    No corresponding 
change in the level of the background noise was found on the other UBSO 
seismograms.     This indicated a malfunction so tests were conducted at UBSO 
to determine the cause.    These tests showed that the low range of the attenuator 
(not used prior to August 1964) in the data control module for the filtered 
summation was not functioning correctly; therefore,  an incorrect attenuation 
factor had been used in calculating the magnification of the seismograph.    A 
new module was tested and installed.    Properly calibrated data for filtered 
summation was re-established 0000Z on 24 February 1965. 

In an effort to determine the magnification error,   the amplitudes of events 
recorded on the primary filtered summation seismograph were compared with 
the amplitudes of the same events recorded on other seismograms,   including the 
filtered summation recorded in the secondary data group.     These comparisons 
indicated an error of approximately 6 dB (that is,  previously indicated magnifi- 
cation was twice the actual magnification).    Doubt still exists,  however,   regard- 
ing the validity of this correction factor. 
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3.4.2.2   CPSO 

Prior to August 1964,  the filtered summation channei at CPSO was calibrated 
using an equivalent ground motion of 100 m\x.    On 6 August,  when recording 
of the filtered summation on magnetic tape was begun,  the calibration level of 
the filtered summation was lowered to 25 m ^    Later in August 1964,  the 
filtered summation seismograph became inoperative due to a faulty power 
supply unit,  and remained inoperative until October 1964.    The power supply 
was replaced and minor circuit changes were made in the seismograph to 
prevent clipping; normal recording was resumed on 5 October. 

During February 1965,  noise studies indicated that the background noise 
recorded prior to August 1964, when the filtered summation was operaf ng at 
about 3000K,  appeared to be about equal in amplitude to background noise 
recorded after August when the operating magnification was about 2000K. 
In addition,  no decrease in the level of the background noise was noted on the 
other seismograr.is.    The circuit conditions of the filtered summation seismo- 
graph prior to August were reconstructed and tests conducted.    No conclusive 
results were obtained; however, it is possible that the discrepancy was caused 
by a combination of filter clipping when it was calibrated at 100 mu, a faulty 
control module, or a malfunction of the filter power supply. 

Our best estimate of a correction factor for CPSO magnifications, based on 
signal comparisons with other seismographs,  is that the magnifications of 
the filtered summation seismograph reported before August 1964 be corrected 
by a factor of 0. 7 {that is,   reported magnifications should be reduced 30 percent). 

3.4. 2. 3   Modifications to Calibrations Procedures 

To prevent problems of the type experienced at CPSO and UBSO, a special 
calibration procedure has been adopted.    This procedure includes decreasing 
calibration levels and decreasing attenuation at the control modules as tabulated 
below: 

Relative attenuator 
settings (dB) 

-18 
-12 
-   6 

0 (normal operate level) 

EQM (mm) 

50 
25 
12.5 
6.2 
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The amplitude resulting from each of the four settings should be equal. 
Periodic checking in this manner is expected to prevent future problem:"^ of 
these types from being undetected for extended intervals. 

3. 5   RELIABILITY OF SEISMOGRAPHS 

The average outage time for the short-period,   intermediate-band,   ana 
broad-band seismographs at the three observatories was much less than 
1 percent,   including outages required to perform frequency response checks, 
motor constant checks,  ■ - d polarity tests.    Most of the outages occurred as 
a direct result of light] torms which blew fuses and/or damaged components. 
An outage time estimate i^r the long-period systems is not given because many 
of the interruptions were the result of tests to the long-period seismographs. 

3.6   DC STABILITY OF PHOTOTUBE AMPLIFIERS 

The balance of the first and last stages of the short-period and long-period 
PTA's were ehe« ked each day and a log kept for each (refer to form 331-1, 
appendix 2).    The short-period PTA's were adjusted whenever the first stage 
was unbalanced by more than ±0. 5 volt (i2 volts for the long-period PTA) or 
when the last (output) stage was unbalanced by more than 0. 05 volt (both long- 
and short-period PTA's).    The April 1965 logs for the 12 short-period PTA's 
and the three long-period PTA's at BMSO and UBSO were examined and the 
number of recalibrations required follow: 

BMSO 
Input Output 

Short period 38 1 
Long period 9 10 

Short period 
Long period 

UBSO 
Input      Outp 

16 
1 

0 
12 

Inbalances in the output stages are attributed primarily to filter leakage 
currents.    Inbalances as great as 2, 5 volts that are caused primarily by 
electrical potentials generated in the long data lines or admitted by leakage 
into the data lines from ground potentials have been observed at the first 
stage under normal conditions.    If the PTA's were moved to the vault,   the 
inbalance due to line potentials would be eliminated; however,  the control of 
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the present inbalance xo not considered to be enough of a problem to justify 
moving the PTA's to the vault. 

Phototube amplifier stability data from CPSO were not readily available. 
Because the leakage to ground in the data lines is greater at CPSO than at 
BMSO and UBSO, it is probable that more PTA adjustments were required 
at CPSO.    Resistance between the da^a lines and ground are generally about 
ZOO kohms at CPSO. 

?. 7   L. NO-PERIOD SEISMOGRAPHS 

3. 7. 1   General 

We postulated the following possible sources of this nonseismic noise: 

a.    If the vault is not well sealed: 

(1) Turbulence of the air around the seismometer resulting from 
changes in atmospheric pressure; 

(2) Distortion of sealed seismometer case resulting from 
fluctuations in atmospheric pressure; 

(3) Direct effects on the vertical seismometer boom resulting 
from motion of air through a partially sealed seismometer case; 
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A three-component long-period seismograph system was operated at each 
VT/1124 observatory.    One Long-Period Vertical Seisnometer, Geotech I 
Model 7505,  and two Long-Period Horizontal Seismometers,  Geotech 
Model 8700A,  each housed in a sepatatc sealed bottomless tank vault, were . 
used in the system.    The tank vaults,  installed under Contract 43486, were I 
embedded in a concrete pier coupled to bedrock.    The tops of the vaults were 
buried to a d^pth of about 2 feet lelow the level of the ground. =T, 

f 
The magnifications at which the long-period seismograph could be usefully 
operavr J.  especially the horizontal components, were limited by noise other ^ 
than that normally associated with microseismic activity.    This noise was 
most troublesome during periods of large changes in the ambient temperature 
and/or large fluctuations in atmospheric pressure (windy periods). T 
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b. If the vault is weil sealed,   pressure changes may distort the tank 
vault,  tilting the concrete base, 

c. Local disturbances in the earth near the vaults,  resulting from 
change^ in atmospheric pressure; 

d. Air turbulence inside the vaults and/or expansion and contraction 
ol the parts of the seismometers resulting from changes in temperature; 

e. Instability in the contact    between the seismometer feet and the 
pier. 

In an effort to determine optimum conditions under which to operate long- 
period seismographs,  and tc develop methods to reduce the effects of non- 
seismic noise,   tests designed to improve the long-period seismometer 
installations were conducted at BMSO,  CPSO,  and ÜBSO.    Among the 
environmental conditiont checked were the merits of the presence or absence 
of vault and/or seismorneter-case heat,  vault insulation,  the value and method 
of mounting the seismometers on glass plates,  vault design,  and vault instal- 
lation techniques 

3. 7. 2   Tests of the Importance of Sealing the Vaults 

Tests ware made at UBSO in January 1964 to determine how well the long- 
period vaults were sealed.    The tests were made by connecting a 0 to 8600 
Newtons/meter    (0 to    20 oz/in.    ) pressure gauge to the vault,   pumping air 
into the vault to increase the pressure to approximately 4300 Newtons/meter^ 
(10 oz/in.    )t  and reading the pressure at specified intervals to determine the 
vault leakage rate.    Readings from the pressure gauge were corrected for 
changes in atmospheric pressure.     The initial test showed that the air leakage 
time constants were 3 hour a,   essentially zero,  and 5 minutes for the vertical, 
north-south,  and east-west vaults,   respectively. 

The gasket on the lidoi the north-south vault was carefully replaced with new 
gaskets and sealed with RTV silastic compound.     The time constant was 
rechecked and found to have increased to 26 minutes.    This still indicated a 
serious leak in the vault which could not be attributed to the seal on the vault 
cover. 
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In general,  good vault sealing has improved the performance of the long- 
period vertical seismographs at each observatory,  but no significant 
reduction in nonseismic noise has been obtained on the horizontal seismo- 
grams.    At CPSO, after the long-period vertical vault was resealed and a 
time constant of 300 minutes obtained,  the level of the nonseismic noise 
decreased by a factor of mo^e than 6 dB.    This degree of improvement in the 
operation of the vertical seismographs is attributed at least in part to the 
fact that the seal on the seismometer case is not complete. 

Because no significant reduction in the level of the nonseismic noise was 
obtained by sealing the horizontal vaults,  only a minimum amount of effort 
was spent in attempting to obtain long time constants for the horizontc.1 vaults. 

At the present time we consider a time constant of 1 hour to be adequate for 
long-period vaults.    A vault with a 1-hour time constant will attenuate 
external pressure changes at periods of 100,   200,  and 400 seconds by factors 
of 220,   110,  and 55,   respectively.    Noise due to buoyance and air jet effects 
are essentially eliminated even if the cases of thv vertical seismometers are 
only partly sealed.    Also,  good vault sealing reduces the problems that stem 
from moisture condensing inside the vaults. 
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The noise on the long-period north-south seismogram was greater than on 
the east-west seismogram both before and       er the tests and there was 
no significant change in noise level on either seismogram while the tests 
were in progress.   If the noise observed on the horizontals was associated 
primarily with the time constant of the vault,   some reduction in noise level 
on the north-south seismogram might have been expected.    This was not 
considered conclusive,  however,  because noise from more than one of the 
postulated sources may actually have been present,  and the vault was only 
partially sealed.    If noise resulting from different sources have similar 
characteristics,  one might erroneously conclude from these tests that the 
noise was primarily the result of a source dependent on complete vault 
sealing because the noise level observed under the unsealed and semisealed 
conditions remained unchanged. 

I 
I 
I 
( 

I 

Early in 1964 the long-period vaults were serviced at BMSO in an effort to 
improve the vault seal, and in January 1965 re sealing of the long-period 
vaults at CPSO was completed.    No gauge was available with which to 
determine the time constants of the vaults at BMSO.    Time constants of 
300,   30, and 180 minutes were measured for the vertical,  north-south,  and 
east-^ est CPSO vaults,   respectively. 
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Pressure gauges and fittings were provided for each observatory in April 196b 
to facilitate periodic checking of the degree of sealing of the long-period vaults. 
Difficulty in maintaining go  d sealing of the vaults has been experienced at all 
three observatories. 

3. 7. 3   Tests of Seismometer Installation Techniques 

3. 7, 3. 1    To stabilize the temperature of the seismometers and to minimize 
temperature air turbulence around the seismometers,   the vaults have been 
filled with insulating material.    UBSO long-period vaults were filled with 
loose insulation material and the BMSO vaults were filled with bagged insula- 
tion.    At each observatory a plywood retaining case was installed over the 
seismometers to prevent the insulating material from bearing direclly on 
the instruments. 

A hybrid method of insulating the seismometers was employed at CPSO 
(see figure 38).    Loose insulation was used to fill the vaults up to the top 
of the retaining case and the remaining portion o   the vault was filled with 
bagged insulation. 

The value of vault heaters and case heaters in reducing the nonseismic noise 
by stratifying the air in the vault and the seismometer case was tested.    At 
UBSO,  the noise was reduced when seismometer case heat was used; whereas, 
the level of the nonseismic noise increased on the BMSO seismograms when 
either the vault ov the case was heated.     Tests at CPSO,  where the most 
extensive study of effects of insulating and heating the vaults and seismometers 
was made,   indicated that a combination seismometer case heat (about 4 watts) 
and vault heat at a point above the retaining case (about 30 watts),   reduced the 
level of the noise relative to the level of the noise observed when no heat was 
used or when either vault heat or case heat we^-e used separately. 

In our opinion,  the conflict of results obtained at BMSO and UBSO can be 
attributed to the differences in the manner in which the insulation was installed 
at the two observatories,  and the method used at CPSO is most satisfactory. 

3. 7. 3. 2    The seismorneters were installed on glass plates cemented to the 
pier in order to provide a snaooth bearing surface for the instruments.    When 
the instruments were originally installed,  we found that if Chico A5 cement 
was used to bond the plates to the pier,  the seismographs were noisy; therefore, 
limestone cement was used.    We also found that the seismographs were noisy if 
the plates were cracked or if large air bubbles were trapped between the glass 
plates and the pier.   To evaluate the use of glass plates,   tests inwhich two of the 
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Vermiculite in 
flat circu'ir     » 

Loosely bagged 
vermiculite 

Heater lamp     | 
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30 watts)       | 
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■eismometer case 
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4 watts) 

Gasket 

(1 inch by 1/4 inch) 

Fiberglas insulation 

/       16 gage steel tank 
44 inches by 48 Inches 

high 

,     , j        f'       Seismometer case 
(fwSßCi'l     (unsealed, verticals 

are sealed) 
Surrounded 

"vy^ by styrofoam cov» " 

Plyvood box 
3/4 inch material 

Cz^r^'l        Mass position actuator 
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6 inches 

Concrete pier 

shafts protruding into bedrock 
Each shaft contains a 
1-5/16-inch iron pipe 

surrounded by concrete. 

Fiberglas insulation pad 

m Loose vermiculite 

sViSi 1    Filled dirt 

Concrete 

Figure 38,    Sketch of the CPSO long-period seismometer installation 
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three seismometer feet bore directly on the pier were conducted at BMSO 
and UBSO (a plate is required under the third foot which is part of the remote 
mass posirioning unit).    No change in the level of the noise resulted from 
this method of installation. 

3.7.4   Vault Installation Tests at CPSO 

We postulated that overburden resting directly against a steel tan^ vault,   in 
which a long-period horizontal seismometer is housed,   might increase the 
noise level of the seismograph.    An experiment designed to test this theory 
was conducted at CPSO.    The earth was removed from the top and sides of 
the vault that houses the long-period east-west seismograph,  and a wooden 
barrier was constructed around and over the vault.     The space between the 
vault and the barrier was loosely filled with insulation bats. 

During the initial 10 days of the experimental period,  no other covering was 
used on the vault; however,  the long-period east-west seismograph which 
previously had a noise level comparable to the noise level of the long-period 
north-south seismograph,   exhibited a noise level that was significantly higher 
than the noise level of north-south seisr-'ograph.    After the east-west seismo- 
graph had been operated in this environment for 10 days,  a large plastic sheet 
was placed over the barrier,  and was covered by 2 feet of sawdust.     This 
additional covering of the vault generally reduced the noise on the east-west 
seismograph to a level approximately equivalent to the level of the noise on 
the north-south seismograph. 

During the rainy period in late winter of 1963 and early spring of 1964,   the noise 
of the east-west seismograph increased gradually so that late in April the   mag- 
nification had been reduced from 15K to approximately 3K,     The vault was 
uncovered and it was found that approximately 2 feet of water had accumulated 
in the insulated area around the vault.    The buoyant force of the water probably 
caused the vault to be more susceptible to disturbance by atmospheric pressure 
changes,   causing the increased noise on the east-west seismograph.    It wa-: 
expected that the condition of the east-west vault could be restored to normal 
by imbedding the vault in concrete so that the effect of the buoyant forces on 
the vault would be eliminated,   and that the vault would also be stabilized against 
possible distortion if the concrete were bonded to the vault. 

In May 1964,  the retainer,   insulation,  and water were removed from around 
the vault,   the vault was cleaned with muratic acid,  and concrete was filled 
around the vault to within 6 inches of its lid.      Thv  vault was then covered 
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with approximately 2 feet of sawdust. Alter the concrete had cured and the 
earth adjacent to the vault had stabilized, the level of the noise on the east- 
west seismograph decreased. 

In November, the modified vault was evaluated by a series of controlled tests. 
The seismometer in the east-west vault was rotated so that its boom was 
oriented the same as the boom of the north-south seismometer (NLP) and 
was designated NLPj.    Figures 39,  40,  and 41 are seismograms recorded 
during periods of varying degrees of fluctuation in atmospheric pressure, 
showing that the seismograph in the modified vault (NLP^) is less noisy than 
the seismograph in the unmodified vault (NLP). 

The noise that correlates between the two seismographs is attributed to 
probable wind-induced ground disturbances that affect both vaults identically. 
The noise that does not correlate between the two seismographs is thought 
to be the result of one or more of the following phenomena: 

a. Differences in the coupling between the pier and the bedrock; 

b. Reduction in the degree of distortion of the modified tank vault 
by direct action of atmospheric pressure changes on the vault or by indirect 
action of atmospheric pressure changes coupled through the overburden 
surrounding the vault because of the increased rigidity of the vault resulting 
from the concrete jacket; 

c.    Ground disturbances that are not identical at the two vault loca- 
tions. 

Because phenomena a through c are associated with disturbances near the 
surface of the earth,  and the modified vault reduced the level of the nonseismic 
noise,  we conclude that a substantial portion of the noise induced by atmospheric 
pressure changes recorded by the tilt-sensitive horizontal seismographs is 
associated with near surface effects.    In our opinion,  a sealed vault containing 
a pier isolated from the sides and the floor of the vault installed at a depth 
of about 20 feet wovld greatly attenuate the noise due to one or more of the 
surface effects.    Regional or subregional disturbances in the earth apparently 
affect both seismometers (located about 20 feet apart) identically.    We do not 
expect that installation of long-period seismometers at a depth of 20 feet will 
completely attenuate these disturbances; however,   some reduction in this 
noise would probably result. 
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3. 7. 5   Effects of Surface Irregularities 

When the long-period vaults were installed at UBSO,  the overburden excavated 
for their installation was mounded adjacent to the vault.    Early in the contract 
period we leveled these mounds of dirt and filled the excavation from the top 
of the vault to the surface of the ground with sawdust.    After this was done,  the 
noise level of the Ir^-period horizontal seismographs during windy periods 
was noticeably less before the mounds were leveled.    It is probable that 
the turbulence of t1 >       nd had been reduced by leveling the ground.    The fact 
that at BMSO, whe.     cue long-period horizontal seismographs are among those 
most sensitive to wind-induced pressure changes, the vaults are installed on 
a hillside,  also suggests that the degree of irregularity in the local topography 
around the vaults strongly influences the level of the noise observed on the 
seismograms during the windy periods. 

In our opinion    small irregularities in the surface of the ground near the 
vaults may also affect the response of the long-period horizontal seismographs 
to wind-indrced noise.    This is a part substantiated by the fact that during the 
1964-65 winter season,  the noise generated on the horizontal seismographs 
by wind was additionally decreased after the surface had been "leveled" by a 
layer of snow.    It is probable that the snow served as an insulator,  but the 
fact that the greatest difference in noise level was observed during windy 
periods suggests that leveling of the ground surface also was a factor. 

3. 7. 6   Recommendations 

We recommend the following to improve and to test methods to improve the 
operating characteristics of the long-period seismographs. 

a.    Install dual output PTA power supplies and filter amplifiers like 
those operated at WMSO.    This would: 

(1) Provide more available system gain; 

(2) Facilitate the operation of two long-period seismograph 
responses,  one with a narrow response nearly the inverse of the noise 
providing maximum useful operating magnification within the band that signals 
are most frequently observed,  and the other with a wide response for the study 
of longer period noise and signal components. 
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b. Equip the seismometers with remote-controlled actuators to adjust 
the seismometer free period without disturbing the seismometer installation. 

c. Install a sealed vault containing a pier isolated from the sides of 
the vault and buried at least 20 feet below the surface of the ground.    Do this 
at one of the observatories (probably UBSO) to test the degree of isolation of 
the horizontal seismometers from localized distrubances resulting from wind- 
induced pressure changes.    This type of vault is also expected to be thermally 
more stable than a surface installation. 

j 3.8   TIMING CIRCUITS 

3. 8. 1   Primary Timing 

|^ Primary time at each observatory is furnished by a Timing System, 
Model 11880,  and a Programmer,  Model 11395.    Observatory primary time 

I was normally adjusted twice daily,   if necessary,   to maintain the time dif- 
ferential between the observatory time and Radio Station WWV at less than 
50 milliseconds.    If the time differential exceeds 50 milliseconds,   the cor- 

T rection required to realign the observatory time with WWV was entered in 
4 the station logs.    On some occasions,   excessive timing system drift has 

caused an error of 50 milliseconds to accumulate during the night wh^n the 
T station was unattended.     The average daily time corrections and average drift 
4, rates which occurred at each observatory during this reporting period follow: 

Average daily Average 
time drift drift rate 

Observatory (milliseconds) (mil.Useconds/hour) 

BMSO 12.5 0.52 
CPSO 71.0 2.95 
UBSO 57.4 2.21 

i 
1 
1 

These data show that BMSO had the minimum average drift rate.     This is 
attributed in part to the fact that BMSO used drift rate «.Larts as guides for 
adjusting their frequency standard.    Drift in the frequency standards used at 
CPSO and UBSO made it difficult to duplicate the performance obtained at 
BMSO.    UBSC,   for example,  experienced problems with the frequency adjust 
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I 
control of their frequency standard during the early part of the contract period. 
If the 60-day period,  during which the UBSO frequency adjust control was the 
greatest problem were eliminated,  the UBSO average daily drift rate would be 
■26 milliseconds.    The maximum drift rate observed at CPSO was not sufficient 
to cause time errors of 50 milliseconds or more during unattended periods. 

3.8.2   Secondary Timing 

Secondary time for each observatory is furnished by a synchronome clock 
which generates a time mark every 30 seconds.    The average daily drift rate 
of the secondary timing systems at CPSO and UBSO was less than 200 milli- 
seconds while BMSO experienced a daily drift rate of 750 milliseconds.    No 
significant problems were encountered with secondary timing systems during 
this contract period. 

3.9   POWER CIRCUITS 

3. 9. 1   Commercial Power 

to constitute failures. 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I Commercial power for each observatory is supplied by local power companies. 

During this reporting period a total of 7 power failures were experienced at 
BMSO,  8 failures at CPSO,  and 34 failures at UBSO.    A considerable number 
of power fluctuations occurred at BMSO which were not of sufficient duration I 

3. 9. 2   Emergency Power ■ 

A rotary inverter,  driven by two banks of nickel-cadmium batteries,   supplies 
emergency power for the observatories during commercial power failures. ■ 
These batteries,  when fully charged,  are adequate to operate the seismograph * 
systems for r.bout 6 hours.    Except for one prolonged failure at UBSO,  emergency 
power systems, have been adequate during this reporting period for all observa- K 
tories. 

On 22 April 1964    lightning struck the power line at UBSO,  causing a commer- ■ 
power outage of 14 hours and 21 minutes.    The emergency system supplied 
power for only 3 hours and 15 minutes instead of the expected 6 hours because 
the batteries had not been fully recharged after emergency power was used I 
during several short commercial power failures that occurred on previous days. 
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3, 9. 3    Frequency-Reguldted Power 

Frequency-regulated power is used to drive the capstan motors of the 
magnetic-tape recorders,  and the capstan motor and date timers of the Develo- 
corders at all observatories.     BSMO and CPSO each have three Power Ampli- 
fiers,  Model 9231,  and UBSO has four. 

During the early part of this reporting period a large number of failures 
occurred in the power amplifiers that supply the squ .re wave power used to 
drive the Develocorders.    In an effort to eliminate these failures,   the ventilation 
of the amplifiers was increased,  but no significant reduction in the number of 
failures resulted.    Later we found that the failures were primarily caused by 
large current spikes drawn from the power amplifiers by two capacitors (C302 
and C902) located in each of the Develocorder circuits.     These capacitors are 
normally installed in the Develocorder to correct the power factor when sinu- 
soidal power is supplied to these circuits.     The capacitors were removed and 
the failure rate of the amplifier was greatly reduced. 

3. 9. i   Evaluation of Techniques Used to Reduce Voltage Fluctuations 
Observed on Seismograms  

When the observatories were initially installed, regulated power was supplied 
to the PTA1 s and the tape recorder electronics by a Sola constant voltage 
transformer; power for the tape recorder transports was taken from line 
power.    Under these conditions,  pulses were recorded on the film and magnetic- 
tape seismograms.     These pulses appeared to correlate with the cycling of the 
air conditioning units and the operation of the Develocorder take-up motors and 
clutches. 

Tests at UBSO and BMSO,  under the previous contract,  using an ac Line Voltage 
Regulator Stevens-Evans (S&E),   Model 760R,   showed that these pulses were 
reduced when better voltage regulation was provided for the PTA's,   the tape 
recorder electronics,  and the recorder transports.    As a result of these tests, 
th'i SkE regulator was installed at UBSO to regulate the power supplied to the 
PTA's and the tape recorder electronics; the tape recorder transport wa . driven 
by Sola-regulated power.     This resulted in a considerable reduction in ti <: 
amplitude of the pulses. 

Similar regulators,  now sold under the name of Beckman,  were installed at 
BMSO and CPSO during this reporting period.    The regulators reduced the 
amplitude of the pulses at BMSO and CPSO as it had at UBSO,  but the per- 
centage reduction in the amplitude of the pulses at CPSO was not as great as at 
the other two observatories. 

TR 65-58 -99- 



I 

Tests at CPSO have shown that the remaining pulses primarily wer«7; generated 4 
in the data lines,  not in the instrumentation.    These tests,  made primarily 
on the short-period seismographs,   showed the following: T 

± 
a. The pulses were eliminated when the data line was disconnected 

either at the station protector,  at the line termination module,  or at the PTA. [ 

b. The pulses were still present both when the fuses were removed 
from the vault protector,  and when the line was connected normally and the | 
PTA attenuator set to infinity. 4 

c. The character of the pulses was considerably changed but not 
entirely eliminated when the inputs to the line termination modules were 4 
disconnected. 

Throughout the reporting period the shields of the spiral-four data cable 
were grounded only at the vault end.    During the initial installation of the 
observatory the cables had been grounded at both ends; later when the shield 
at the CRB end was disconnected from ground, a considerable reduction in 
the amplitude of the  pulses was observed. 

The best ground for a power system that can be practically obtained at an 
observatory is not ideal.    We believe that energy from an ac source is being 
capacitively-coupled into the data line conductors from the grounded or 
partially grounded,   shield.    The ac energy in the conductors is then rectified 
by solder joints,   connectors,  etc. ,  into low frequency signals to which the 
PTA galvanometers can respond.    We believe that improved techniques of 
grounding or isolation from ground may be effective in eliminating these 
noise pulses,    11 these techniques are not helpful, we recommend that the 
air-conditioning system be modified so that the motors and the compressors 
operate continuously and the compressor loads cycle as necessary for 
temperature control.    With this arrangement the heavy currents required 
to start the motors and compressors would be eliminated. 

3. 9. 5   Performance of Beckman ac Voltage Regulators 

Except for an initial manufacturing defect that required that the Beckman 
regulator delivered to BMSO be returned to the factory for repair,  the per- 
formance of the S&E and Beckman regulators was satisfactory until the 
console instrumentation was rearranged in the spring of 1964.    The addition 
of instrumentation to the operating console made it necessary to place the 
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regulator in a place where ventilation proved to be inadequate,  and failures 
began to occur in the regulator.    This problem was reduced by the addition of a 
blower and by more frequent cleaning of the heat sinks in the regulator.    Occa- 
sional failures are still occurring but we think that these can be eliminated 
by the installation of an additional relay rack.    The instrumentation can then 
be arranged so th  *■ proper ventilation can be provided for the Beckman 
regulator. 

One failure of the Beckman regulator at CPSO was due to lightning.    The manu- 
facturer was contacted regarding a possible solution to lightning susceptibility; 
however,   none was available.     To prevent loss of data,  an external relay was 
installed at CPSO so that,  in the event of a regulator failure,  its load automati- 
cally switches to its input pov/er source.     This modification is also being made 
at BMSO and UBSO.    All observatories now have an adequate supply of spare 
parts to reduce the duration of outages resulting from regulator failures. 

3. 10   EQUIPMENT MALFUNCTIONF 

A computer program,  PROGRAM MISERABLE,  was written to compile some 
of the component failure data stored on IBM cards.    Recording of the cards by 
observatory,  general function,  and subassemblies pertaining 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 da^a can be processed. 
If when more data are accumulated 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 different types of subassemblies and 25 different 
components for each subassembly.    It outputs data similar to those shown 
in tables 15,   16,  and 17,   which give an overall picture of the equipment 
malfunctions experienced at the VT/1124 observatories frorr. 1 January 1964 
through 30 April 1965.    (Note that the column heading "No.   Serviced" is 
incorrect.     This column is a cumulative total of the number of failures that 
occurred under each specific function code. ) 
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Table 15.    Sununary of eqi.ipment malfunctions at BMSO 

STATION «10 

SPECIFIC 
FUNCTION MOOCL NC. 

SUB 
»SSEHBLY 

NO. 
tiRVICED 

REP*:R 
TIME 

TINE 
I NOR. RREVFNl. 

HE " «     4»«3I 1 .1 .1 1 

pi» (    4300 1 3« »i,* 6».3 3? 

PT» 

PT* 

C 

CC 

FO 

DC1 

rc 

PCO 

PCO 

PS 

VR 

OE» 

TP 

5J40I 

sa«o*i 

«2131 

933tt 

202«) 

5'«S> 

»•74«) 

im*> 

7t7«» 

2332 > 

4304) 

7t0t<) 

4000) 

noo 

M 

I    7360)     »-P 

PISC 

nsc 

PS 

TSR 

10 

u 

1.3 

4.3 

4.2 

2.7 

7.« 

103       47.6 

1.7 

.2 .2 

.•> 1.1 

.7 .7 

■ 1 .1 

.2 .« 

.2 .3 

.2 .? 

.^ l.^ 

.1 17.« 

}» 4.3 13.3 

14.6 

13.7 

44.9 

18.2 

23 

78.«    ion 

7.7     a 

.3       1 

cim. COHPONEN? 

»1101 2 
»J01 16 
V1J2 9 
visa S 
DSbOl 1 
G«LVO 2 

V103 1 
V102 1 
V101 1 

V101 

S3 

0S3 

VI» 

«2 

K3 

OSIXX 

F104 

V101 
vaoi 
«202 

033 
033 
OS! 

0S601 

DS301 
SlOl 
S304 

H203 

CX401 
V801 

»101 

V103 

DS101 
V101 
»107 
V113 
CR117C 
CH117D 
V108 
F101 

W102 

«101 
»103 
«11« 

F101 
V101 

BELT 

OS102 

3 
23 

2 
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Table 15,  Continued 

SPECIFIC •me NO. REPm TIHE 
ruNCUON   HODtL NO.   «SSfHBLT   StSVIcEO     »l«£       INOP,   PfiEyfNt.     CiT*S.        CCfPOHH 

P»      (    «J31» i*       il.O        13.1 3 33 

PR      !   11395 9     tiOU 5 .8        !'•» 

«R       (     SlJJ» 7        1<.0 21.0 

RR     <    yvTS) 1        «1        3.9 

TE      (   197«3> 1 •?        ».3 

TS      (   UMO> t '* •« 

FV      (    6585> li       5.7        19.?       fl 15 

HOC <        10380I 1 .5 3t5 1 0 

MBJ (        12322) 2 •? 36,0 0 2 
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CRl 1 
fl « 
Uä 5 
04 6 
f 3 2 
0«? 1 
Ul 1 

IIS«»« 5 

OS101 I 
0S102 
05103 
»101 
»106 
V113 
»11» 

F101 

Ul 

0S401 i 
0405 1 

0S201 
F102 
T101 
CH101 
f 101 

»102 

F107 1 
F10» 1 



Table 16.    Summary of equipment malfunctions at CP5JO 

3 = 

7 

| 

speciric sue NO. 
ruNcnoN     rooii. NC.     «SSCMBL«     stsvicto 

Ht 

cc 

FG 

(    4««2) 

PT*     (    4300) 

5240) 

I    «SIS» 

«226 ) 

202*) 

OCH < 57926) 

i.TH I 5t74C) 

LT« « 5074») 

SO» I 12025) 

rc 1 1151») 

OS ( 1204) 

OS I 502) 

fr.u t 7e7S) 

PCU ( ii«oi) 

PS ( 4304) 

«PC < 11«01) 

V6 ( 7tOK) 

neu 

10 

60 

STtTIOk  CP0 

REPtIK 
UHE 

2.« 

17.4 

\4 5.« 

1.» 

t I.' 

2.0 

.7 

1.6 

2.0 

.1 

1J.2 

INOP.  PacvtNi. 

1.4 

21.S 51 

CtliS, 

3.4 14 

23.6 20. 

.» 1 

.1 

320,3 

15.5 

2«.6 

»2.1 

2.0 

«2.0 

10.3 

.1 

355.'J 

37 

COHPOhENT NO. 

V4 
VI 
V5 
DS1 

V103 
via2 
QALVO 
V101 
»801 
OStOt 
GIDt 

15 
16 

3t 

V103 
V101 
V102 

S2 
ri 

Fl 
CB3 
CX4 

V20 
V4 
V»4 
»16 
»5 
VI» 
VI« 

V 

4 

K6 
«2 

SI 

OM 

VI 2 
V2 1 
V3 1 
V4 1 
V6 1 

1.« 2.3 1 15 
asm 16 

.4 .« e 5 
BKXl 5 

1.5 .6 3 0 
V201 
¥202 
V20S 

1 
1 
1 

0 
K5 1 

1 
«tot 1 

10 
V20t 41 
«202 5 
V101 J 

to 
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Table 16,  Continued 

ST«tlO». CPC 

SPECIFIC 
FUSCHON MOOIL NC. 

SUB 
«S«fKHL» 

no, 
SkhvltFD 

REPllH 
1I«E 

11 «F 
!NOP. PSEVFM 

I 

VP 

DF» 

IIJI«) 

dOOn I b7 

I 
! 

I 
I 

ME t Hi*) 

HE < JJ64-1 ) 

HF < ;<IM-3> 

TO ( 7^60) 

"ISC 1< 

TR I 7360) PS 

TR 65-58 

j.i 

14.3 

14.8 

^.7 

g.3 

3.6 

7.3 

15 1.« 

4.0 

«?.^ 

• ^ 

lU.«* 

1.? 

«.n 

4,9 

1.9 

2.3 

105- 

'■«!.*. 

?0 

11 

U« 60.? 136.0 133 

?4.6 ? 13 

CQKPONENT NO. 

Q?0 
y3s 
■333 
056 
OSl 
u?c 
a«; 
113 7 
U36 
080 

QiOS 
0101 
oio; 
U106 

DbtOl 17 
Ct-k.CH V4LVI 
HOlLtrf 
Ü-«|SG 
t>304 
üssni 
ei «IN; 
B8K1S 
0$«0i 
S101 
8E»BN fat-OC« 
FLUNOt PW.VG 
KL»T£ 
SHAFI 
WASMlit 
FOLLCit ►' 

HING *(TtIN 
HJ02 
FOLL »OLLE» 
TINS WOLLE« 

I«01 
»eo? 
VS01 
S607 

0 HING 
VtLVE 

F? 

STYLUS 
QALVC 

STYLOS 
Ut 

dEiWING 
»101 

vi n3 
V10? 
»101 

»104 

»10? 
»10* 
»108 
»109 

»111 
»1(16 
»101 
F101 

»10? '» 
»103 10 
»101 36 
C108 
«lO? 
C1U3 

'ini 
»in? 
F101 ll) 
;tn3    o. 
»ins 



Table 16.  Continued 

SPECIFIC 
FUNCTION   MOOil NC. 

SU8 NO. 
»S'En8i.t   SlRvlcEO 

iTiTION  CPO 

R£P!l!h 
TIME 

TIME 
IN!JP,   PREVENT. C»TIS. COMPONENT NO. 

'SP kl 

SB       <     64t0 ) 

SP (    7!lS) 

tP      <   »700«) 

OS      (     5«8> 

P>      I    4231 > 

PB t 11395» 

R9 (    HVTS) 

TCu I           »13t» 

TS ( neeo)        ssc? 

rv I           65«! ( 

ty| C        Ift^li) 

OÜC (        10^21 ) 

10 

39 

2.« 25.3 

14.'S 721.C 

19 

1.5 

1.8 

.8 

5.0 

.4 

6.« 

1 .5 177.B 

1 .8 1.0 

115 77,6 328.1 

.3 

6.« 

4.0 

3.0 

5.7 

14.0 

HE IT 
DS102 
DSiOl 
CMOl 
rim 
Fin4 

9 
4 
3 
1 
3 
: 

10 
CmlHri COR 
Oil* CUIL 
CtNTILV HOD 

3 
4 
3 

2 
ELICT COIL 
XII 

1 
1 

1 
COIL *88T 1 

1 
V414 1 

114 

3S 

F3 30 
«: 30 
04 24 

Fl 13 
Ul 
a? 
CRl 
MOUNTINGKIT 
DS1 
CH? 

osxxx 

F101 
Fl 
012 
013 

F4 
F3 
Fl 

DS401 

0S201 
F102 
K101 
*102 
F101 
D5A01 

F101 

»303 

18 
17 

1 
1 
1 
1 
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Table 17.    Summary of equipment malfunctions at UBSO 

ST»TIOK  OBO 

SPECirlC "tUB        *<0.      i*tP»lf<      UNt 
rUNCIION   HOOIL NO.   iSSEMBL»   alSVlcED     TINE       INOP.   PhtVCM. C»(«E. CO^PONEN' "0. 

I    4S83) 1.7 
VI 
V? 
V3 
V5 
V4 
V7 

PT»     (    4300) it 11.3 10.4       t« 
GiOl 
QtLVO 
V101 
vio; 
»103 
OSf>01 

PT» (   5240*) ?.4 3.0 
HO« 
OSA01 
VlOl 
«102 
»103 

PT* ( 12613-1» 

C I <)5i:) 

CC      <    «22«) 

.6 

:.o 

1.5 

osioi 

»1 

CO? 
CK4 
Fl 

SDf 

sne 

330*M« > 

(   12025) 11 

.0 

1.4 

.« 

1.5 •1 

V201 
»101 

vl* 
«2* 
<3« 
V4» 
»5» 
VPB 
»3B 
»5« 
»t« 
»6» 

OS       I    1024SI 

OS      (     502) 

.5 

.4 

.5 
»202 

»545 

V4M 

8*T      (  10176*) 

PS      I    4354) 

VP      I    760* )     PCB 

»S      (   1121«) 

i-1 

11 

.0 

«.7 

.9 

5.6 

33.3 

B.J 

96.1 

60.0 

6«.? 

11 10 

10 

Fl 

»201 
»202 

Q24 
020 

036 
037 
033 
032 
031 
02» 

0105 
010« 
0106 
F101 
0101 
► 102 
0102 
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Table 17,  Continued 

meine tut MO. 
rUNCMON   MOOtL NO,   tSSEKSLT   SlüVlCCO 

v»     (  tt70*LI S 

dt«     (    4000> 

DE.     (   40000 

HF       I     24|4) 

Ta     I    73*0 1    ntSC 

PI    (  «int 

PR «   11J«5) 

S1J4) 

FV       (     titi) 

DSC   ■■      icesi) 

DSC     I   t>2tC> 

OSC 

PS 

TSP 

CDU 

1? 

1    kvTM 3 

<   ilOOO) rov 1 

SSCP e 

n 

STATION  010 

RCPllfi 
TIME 

.« 

7.1 

6.2 

29 10.a 

9.6 

4.1 

TIMC 
INOP, PRCVEibT, 

.« * 

41.« 

4.0 

1.9 

.9 

9.3 

9.7 39 

1.7 1 

1.4 »4.7 

1« 10.4 77.« 

.<» 

.9 

C4T4S. 

13 

16 

COHPONEM 

»a 
v« 
(19 
V3 

934 
8309 
smi 
0St<01 
0S3Q1 
OSe02 

»eo? 

0S601 
1S301 

ST'LUS 

OS 

1 
3 
1 

10 
1 
1 

yio« 
»107 
<ii09 
9191 
C«102 
C»I107 

»102 
»101 1? 
»na 
»103 

«104 
noi 
»101 

BELT 
0S102 
ri04 

03 
04 
rj 
01 
cm 
U2 
Fl 

I 
I 

I 
I 
I 
! 

1 

»001 1 
a 

.1 A 2 
ri i 

.1 0 1 
0401 1 

§.0 0 e 
C404 
0403 
0401 
«402 
0 ,09 
0403 
0404 

1 
t 
I 
2 
1 
1 

1 

- 

9.9 1 3« 
OS201 

flOi 

*ioa 

IS 
17 
9 
« 
1 

- 

2.0 -■< 0 
»104 i 
»107 1 
»109 I 

«. 0 1 
»JO« 1 

- 
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3.11    TEST OF BELL AND HOWELL SIXTEEN-MILLIMETER FILM 

During August 1963,   Bell and Howell film was purchased for the observatories. 
This film was used in the Develocorders but it proved to be inferior to the 
Recordak film which had been used previously.     The contrast of the Bell and 
Howell film was not as good as that of the Recordak film,  and the level of light 
intensity and the focussing of the light beams was much more critical for the 
production of good records.    After we had tested this film for several weeks, 
the unused Bell and Howell film was returned to the manufacturer and the use 
of Recordak film was resumed late in September or early in Gctober   1963. 

3. 12   SEISMIC AND SYSTEM NOISE FOR SHORT-PERIOD 
MAGNETIC-TAPE DATA 

3. 12. 1   Purpose of the Study 

The sensitivities of magnetic-tape recorders at the observatories were 
originally set and normally maintained by visually comparing the ratio of the 
level of seismic noise to system noise on an oscilloscope.    The sensitivity 
level was normally set so that the average microseismic background at 
frequencies above 0, 3 Hz was recorded at a level approximately 5 to 10 times 
greater than the expected magnetic-tape recorder noise.    It was normally 
considered that the tape  recorders we      a major source of system noise. 

Figure 42 is a block diagram cf a short-period magnetic-tape seismograph 
system, the following cornponents of which were considered to be possible 
sources of system noise: 

Data cables from seismometer to PTA (spiral-four cable) 
Phototube Amplifier,  Model 4300 
Signal Isolator,  Model 6722 
Tape Recorder,  Minneapolis-Honeywell Model 7360. 

To determine whether the sensitivities o+" the magnetic-tape recorders were 
at the correct level, and to determine the relative contribution of these four 
sources of noise to the total system noise, data were collected from BMSO, 
CPSO,  and UBSO. 
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3. 12. 2   Data Selection 

Two short-oeriod seismographs,  widely separated in the array and having 
long data lines,  were selected at each observatory.    The following types of 
noise were recorded on both magnetic-tape and 16-millimeter film from 
each seismograph selected: 

a. Typical microseismic background noise plus system noise; 

b. System noise from the entire seismograph system excluding the 
seismometer; the seismometer was replaced by a dummy loa'    )f 100 ohms. 

c. System noise from the entire seismograph system excluding the 
seismomete:     -,d data cable; the PTA was disconnected from the line and 
attenuated iiity. 

d. System noise generated by the signal isolator and tape recorder; 
the signal isolator input was disconnected and loaded with a 1 kilohm resistor. 

e. System noise generated by the tape recorder only; the input to 
the tape recorder was disconnected from the signal isolator and loaded with 
a 100-kilohm resistor. 

To reduce the tape-recorder noise with respect to other types of noise, the 
recording sensitivity of each tape recorder oscillator was doubled for each 
of the chosen seismographs prior to recording these data. 

3, 12. 3   Special Analysis Pioceucr'es 

The Develocorder seismograms containing the same data, that were recorded 
on magnetic tape were reviewed in order to select samples   suitable for analysis. 
The selected samples were analyzed in two different ways: 

a. Amplitude-frequency analysis of analog data using a Geotech 
analog spectrum analyzer; 

b. Power-frequency analysis of digitized data using a power spectrum 
analysis program,  PROGRAM BLACKY. 
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3. 12. 3. 1   Analog Spectrum Analysis 

For analog spectrum analysis,  the data,  the wow-and-flutter compensation 
channel, and the WWV channel from the original magnetic-tape seismogram 
were dubbed onto hard-base magnetic tape. 

A typical 27. 5-second segment of data,  free of oxide dropouts and other 
anomalies,   was selected by viewing it on an oscilloscope.    The full window- 
width of 27. 5 seconds was then analyzed at a repetition rate of 40 times per 
second using a spinning reproducer and an audio wave analyzer.     The analyzer 
output signal was recorded on an X-Y plotter.    The abscissa of the plotter was 
driven by a logarithmic function generator to produce a logarithmic frequency 
scale on the spectrogram. 

The spectrograms produced by the plotter are of the form shown in section 
3. 12.4. 1.     The spectrograms consist of a series of vertical spikes,   the 
amplitudes of which are proportional to the coefficients,  An,   of the Fourier 
series. 

g(t)   =   2 An cos (2* nf0t - a n) . 

where g(t) is the sample. 

n       =       harmonic integer 

 1 
f0      =       fundamental frequency of the analyzer =       TT 

an    =        relative phase angle of frequency,  nf0 . 

The values of An are given by: 1 
A

n   = | -|r   \      g(t) exp (-i2imf0t) dt | for n ^ 0. ♦ 
^O 

I 
The An are the absolute values of the resultant vectors of the Fourier sine 
and cosine components for the frequency corresponding to n. I 
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3. 12. 3. 2   Power Spectrum Analysis 

As an alternative and as a comparison to analog spectrum analysis,  power 
spectra of some data were produced.    Two-minute data samples were selected 
from the original magnetic tapes digitized directly onto paper tape at a digitiz- 
ing rate of 50 samples per second.     The digitized data were converted from 
binary to binary-coded decimal data to make them suitable for computation 
t    the Blackman-Tukey power spectrum program,  PROGRAM BLACKY. 
This program produced a smoothed power spectral density estimate and the 
autocorrelation functions,  and stored this information on magnetic tape. 

The power spectral density at a frequency f is given by 

Average power in frequency bandwith Af 
'        Af   ^' 

By the use of a CDC 160A computer,   the data stored en magnetic tape were 
printed out and plotted by a log-log X-Y plotter. 

3.12.4   Comparison of Results 

Data from the two analytic methods have been used to produce two comparisons 
of seismic and system noise. 

Power spectra are essentially the square of amplitude spectra,  but 
PROGRAM BIJVCKY also smooths the power spectra according to a predeter- 
mined formula.    Analog spectra are a series of discrete Fourier amplitudes 
(that is,  An) where power spectra represent the variance of these amplitudes 
in a band around a particular frequency.    The band is smoothed by multiplying 
the autocorrelation by a preselected weighting function prior to the computa- 
tion of the Fourier coefficients. 

3. 12. 4. 1   Amplitude Spectra 

All the data collected were analyzed using the Geotech analog spectrum 
analyzer.    Some of the spectrograms, and the seismogram for BMSO showing 
the seismic data that were analyzed,  are shown in figures 43 and 44,    Similar 
data for CPSO and UBSO are shown in figures 45 through 48.    Comparisons 
between seismic noise and total system noise are given for one shor^-period 
seismograph for each observatory.    Also shown,   figure 47,  are spectrograms 
of each of the types of system noise recorded at UBSO.    All of these spectro- 
grams were made using wow-and-flutter compensation except the second 
spectrogram of tape-recorder noise at UBSO. 
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Figure 43.   Analog spectra of data from channel 9, tape recorder No,   1, 
BMSO,  30 June 1964,    All data samples were 27,5 seconds long; 

amplitudes uncorrected for frequency response; calibrated by 
25 m\i sine wave at 1.0 Hz 
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0.2 0. 3 0.4 0.5 1.0 2.0 

FREQUENCY (Hz) 
3. 0       4. 0      5. 0 6.0   7.0 

Figure 45,    Analog spectra of data from channel 9i tape recorder No.   1, 
CPSO,  29 June 1964.    All data samples weie 27. 5 seconds long; 

amplitudes uncorxected for frequency response; calibrated by 
50 m|Ji  sine wave at 1.0 Hz 
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3. 12,4. 1. 1   When comparing the relative levels of seismic noise to system 
noise in figures 43,   45,  and 47,  the following considerations must be made: 

a. Care should be taken to note the differences in gains between 
spectrograms. 

b. The tape recorder sensitivities were normally set 6 dB lower 
than the sensitivities used during these tests, and were approximately twice 
the values shewn in the spectrograms. 

c. The data considered in this study were a small sample of the total 
data recorded at the observatories and should not be weighted heavily; however, 
we believe these data are generally representative. 

d. At frequencies below 0. 3 Hz,  some doubt exists regarding the 
validity of the data because of the shortness of the data samples. 

3. 1Z.4. 1. Z   In general, the analog spectrograms indicated the following: 

a. The ratio of seismic noise to system noise in the band 0. 3 Hz to 
approximately 2. 5 Hz was about 5. 

b. The ratio of seismic noise to system noise varies between 5 and 1 
from approximately 2, 5 to 5 Hz. 

c. The ratio of seismic noise to system noise is less than 1 at fre- 
quencies above 5 Hz. 

d. At normal operating settings the system noise is composed 
primarily of tape-recorder noise with little or no contribution from other 
sources. 

e. With the increased tape recorder sensitivity,  PTA noise at 
0. 5 Hz was detected at BMSO; this noise was due to a faulty vacuum tube. 
The level of the noise was such that it essentially did not interfere with the 
seismic background noise. 

f. With the increased tape recorder sensitivity,  data line noise was 
detected on one of the UBSO seismograms studied; this was not present on the 
other seismogram. 

3 
in 
o 

-5 

TR 65-58 -118- 



u AMPLITUDE (mM) AMPLITUDE (mti) AMPLITUDE (mn) 

A 



AMPLITUDE (m|i) AMPLITUDE (mul       AMP1J1UDE (ni|x ) AM PU TU DE (mii 

4 

^ o r1 

O. oo J 
c-i &> 

3   0 

ff 

0 
Ö 
O 
H 

m o1 ^ ö- 
3 

< 

H    fu 

i-h 
I-; 

o <"   g   ^ 

K o 
3 3 

o re 

ffitJ 
N    O 

u 
0) 

f) 
tu 
(—' 
er 
(0 
r+ 
n 
a. 
er 

ft» 

(5 

n 

n 
i—• 

CO 
ft 
o 
o 

01 

i—■ 
o 
ö 

f5 
o 
o 
H 
c 
n 
H 

ü 

IM 

M 
.■ —j —;-. 

,.   .|..r 

■ 

efaTB 
i— t— 1 — 

aig !'__ 

t- -   " 
4- —.--- 

;      j 

5 W : j      | . . 

»    - 
D o 
C 
W z 
K 

a 
N 

o 

o 

o 

o 

o 

'T" 
■ 

! 
i 

\]    1    i: 

:      1      : 
-t—4 r- -   ' — 

äP^ l£\_\ ;     i 
«i   ■ i ■ i 11— L. 

[     ■ 

.;....|..-.. .1 ,i. 
»*-■ 

fc^_:  - it _   ; 
:■[ ±1 

t! ' .; 
i      !      : 

1" '■ ■ ......     . 

".     !|      ; 

-— 
: " rfirr- :      :. 

1      ;      1 i   i 

"1 

M ■ 
D o 

w 
2 
0 
-1 

l-g1 

o  *♦ 
C   1 
» o 

O   u 
f. s 

51» 

0. 

a 
r^j ft 

w 
n r 
O o 
G 
Pl 

tt n 
Bf n 

o o 

• ? 

• 0 

C oi 

* s 
2 3 

•5 " 

f. 

^2 

« ){ 
g a 
•- >i 
►.. o 
01  90 
O   1 

FS 

■ 

fs 
S 3 

O a 
ui n 
NQ. 

C 
n 
r* 
O 

F 
'S 

r, 
o 
M 

s 
H 

tl 
3 
e. 

»^^ 
' .     '.'.'.' ■ctj:  i          i 

a:: i        ■ i- 
- i ■ - - i- 

fr 
SRV - 

F -'■■'■ 

E^ :: 
■p"'  ' 

  
~ Tr~ 

F^ j 

pl^p'Mk 

t: 

fc" .... 
^P    : , , . , 
IKT-        '   ! 

^P^l^^ ^Bk.1 ^^fc- 

Ei;;;; 
|^^3 ■ - 1 (!*a==5? 

fct— >» ̂ ^^^ 

M>   0 
C0   lt. 
O    H 

Kl      H 

EL % 

>  3 

H » 

o fr 
c-c 
N rt 

N n 
o 
c 
i - 
r. 

B 



O ^ ?o C 

oS
00 

0    H- 

O 
O 
O 

-611 

0 
tu 

N 
tB 
►1 

o 
3 
r+ 
cr 
(i 
r+ 
P 

►Ö 
<-. ^ 

I— p 
o «^ 

fL 
P   H 

TO    <D 

3 CD 
n   to 

«-»■ 

O P 
•-»»   P 
P    ^ 

CO 

CO 
ft 

w 

e 
ft 

00 

p 
rr 
P 

c 

o 
o ^ 

5 
p 

H- P 
n m 

Si ^ 

p a- 

p 

N 
a> 

CO    £ 

3 f? 
3 o TO 

C^ P 

3 3 

3 
TO 

rt- 
3" 
n 
O 
n 

"   o y «-»■ 
CO     Q 

O 
3" 

CO 

co 

O 
TO 

^1 
P 

3 
CO 
3r 
O 
^ 
3 

TO 
rf 
3- 
« 

^1 

(A 
3- 
O    P 

3   ^ ^ 

3  TO    o) 

TO 
en n 

o 
3 
a 

p 

.•^3 3 

0 

^     R ^ N M 
^     C/5 CO H- 

w 

<        HQ ^ O 

0
s
 0

s
 CT* Ui 

i— o ►- o^ 
o o o o 
% K K K 

M 

w 
o 
o 
o 

NN    NMNNNNN 
sß    oo    -vj  o   j.^   ro   ui   c». ►- 

»—    ro    oo^Joo-^}Oooc4i.♦ 
o     o     OOOOOCOUi 
PS ;*  ^ ;* * * * F, * * 

\«* > 

*      3•     *•   ^* 

I* 
p 

3 

8S-S9 ^1 

■ • 

-i- 

o 
U3 
re 
n 
o 
a 

1 

:! 

•^ -■--^—*— 



g.    The last spectrogram of figure 47 shows the same sample of tape 
recorder noise {type e) as the spectrogram just above it; however, wow-and- 
flutter compensation was not used during playback.    Use of compensation 
reduced noise by a factor of about three. 

3. 12. 4. 2   Power Spectra 

3. 12. 5   Conclusions 

The sample of data used in the tests was too small to permit definite conclusions 
to be made from them; however,  the following preliminary conclusions can be 
made: 

a. Seismic noise in the frequency band below 2. 5 Hz is normally at 
least five times the level of the highest type of system noise.    At frequencies 
above about 5 Hz,  however,   seismic background is immersed in the tape- 
recorder noise. 

b. The sensitivity levels normally used for the PTA's and the tape 
recorders are satisfactory for general purpose recording.     To take advantage 
of the (act that the PTA has a much greater dynamic range .nan the magnetic-tape 
recorder,   the sensitivity of one tape-recorder channel was normally set so 

TR 65-58 -120- 

I 
I 
I 
I 
I 

I 
I 

Power spectrograms were computed for the Z7 channel from UBSO.    Analyses 
>vere made with compensated data.    The spectrograms for seismic noise 
(type a),  PTA-signal isolator-tape recorder noise (type c),  and tape-recorder 
noise (type e) have been combined onto one axis and are shown in figure 49. 
Figure 50 is a seismogram of the 2 minuter of seismic data that were used 
to produce the power spectrogram in figure 49.    Note that the level of the 
microseismic background noise on the seismogram in figure 50 at approxi- 
mately 3 Hz is higher than the level shown on the seismogram in figure 48. | 
This is due to the fact that construction work on highway 40,  near the UBSO I 
array stopped between 19:57Z and 22:50Z.    The spectrograms changed very 
little after remova? of the data line and after removal of the signal isolator; | 
therefore,  these spectrograms are not shown.    The power spectrograms for                         * 
Z7 at UBSO indicate that at normal recording sensitivity the ratio of seismic 
noise to system noise at frequencies below 2. 5 Hz is a factor of approximately 
five for this seismograph (that is,  a factor of 10 times or of 20 dB at the                                * 
increased tape recorder sensitivity); a ratio of less than one is indicate-.i at 
frequencies above 5 Hz.    Because of the increased tape-recorder sensitivity 
during these tests,  lov/-frequency PTA noise is over emphasized. * 
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Figure 49.    Power spectra of data from channel 9 of tape recorder No.   I 
at UBSO recorded on28 Jui.e 1964. All data samples were 2 minutes long 
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that the PTA noise level was only slightly below the level of the tape-recorder 
noise.     The added dynamic range of the PTA,   therefore,  was available to 
record some large events which clipped on the tape recorder channels 
operated at normal sensitivity. 

c. The tape recorders studied in these tests appeared to be the 
predominant source of system noise. 

d. Even at the more sensitive recording levels used in these tests, 
the signal isolator did not contribute to the seismograph system noise.    Some 
instances of noise due to deteriorated data lines or PTA components was 
observed; however,   they were not of sufficient amplitude to degrade the seismic 
background data or to increase significantly the system noise when the tape 
recorders were operated at the normal sensitivities. 

e. As expected,   compensation generally reduced the tape-recorder 
noise level by a factor of approximately three. 

3. 12, 6   Recommendations 

We recommend that,  in addition to the checks of system noise specified in 
the SOP's,  noise tests of the signal isolators,   PTA's,   and oti^er circuitry in the 
CRB except the magnetic-tape recorders be mad:; routinely p.t 3-month intervals 
to control the level of system noise not detectable on the visual seismograms. 
We also recommend that periodic spectral analyses of seismic noise be per- 
formed in order to better describe and evaluate the operational conditions at 
the observatories. 

3. .3   EFFECTIVENESS OF NEW CALIBRATION ACTUATOR AND 
NEW DATA COIL TESTED AT CPSO 

In July 1964,   a new calibration actuator (Calibration Actuator Kit,   Model 18351) 
and a new data coil (assembly No.   18521),  both of which were furnished under 
another contract,  were installed at CPSO in JM seismometer Z7.     The  stability 
of the calibration actuator and the resistance of the calibration and data coils 
to da      .oo by lightning strike* were tested as follows: 

a.    The seismometer in which the actuator was being tested was installed 
in an area of intense lightning activity. 
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b. The seismometer case was grounded at the vault. 

c. The seismometer feet were placed in direct contact with the vault 
floor (that is,  glass isolation plates were not used). 

d. Very long data lines were used. 

During this test period,  monthly G checks were made to determine the stability 
of the calibrator.    The degaussing procedure was not used during the series of 
G checks and the calibiator was not adjusted during the test period.    Results 
of the test are shown in table 18.    All variations observed during the test 
period were less than 1. 0 percent,  indicating excellent stability. 

Special tests were made during the initial installation to determine if G changed 
significantly with changes of mass position or with different values of current. 
With the mass position displaced at various positions within ±25 percent of the 
center of its full range,  no significant change in G was observed.    Also, the 
G determined with 0. 2-gram and 1-gram weight lifts and equivalent dc current 
pulses differed by less than 2 percent. 

Table 18.    Results of stability tests of the new 
       calibrator actuator in Z7 at CPSO 

Pe rcentage change from 
Gas found previous G 

0.432 
0.432 0.0 
0.432 0.0 
0.435 +0. 7 
0.431 -0.9 
0.432 +0.2 

Date of test 

28 July 1964 
25 August 1964 
29 September 1964 
4 November 1964 
4 January 1965 
3 February 1965 

Similar tests at WMSO,  using two calibration actuators of the type used in 
the CPSO tests,  are discussed in TR 65-52. 

In March 1965,  the field cables for Z7 were hit directly by lightning,  destroying 
the lightning protectors and nine sections of cable.    The seismometer was 
returned to Garland for examination; it was found that neither the calibrator 
nor the data coil was damaged.    Because the new calibration actuators are more 
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stable and less susceptible to lightning damage,  we recommended that they 
be installed at all observatories where continued use of the JM seismometer 
is anticipated and lightning is a significant problem. 

During the test,  the new data coils performed satisfactorily and were highly 
resistant to lightning-induced damage.    We do not recommend their installation 
in the seismometers now used at the observatories,   however,  for the following 
reasons: 

The original problem,   that of excessive lightning damage to coils 
pres«. xdy in use,  has been circumvented to a large degree by isolating the 
seismometer from ground potential (placing it on glass plates),   and the 
installation of improved lightning protectors is expected to further reduce 
this problem. 

b.    The installation of improved lightning protection devices is 
considerably less expensive than installing the new data coils,  because 
installation of the data coils requires major disassembly of the seismometers 
in Garland. 

3. 14   TESTS OF JOHNSON-MATHESON ONE-HERTZ GALVANOMETER 
AT CPSO 

Tests were conducted from 20 August to 5 November 1964,   to compare and 
evaluate a standard JM vertical seismograph system with a 3-Hz PTA 
galvanometer (Z10) and a JM vertical seismograph with a l-Hz PTA gal- 
vanometer (Z10-1).    Figure 51 shows the frequency responses of the two 
seismographs; the two seismometers were operated in the same vault. 
Evaluation of the data from the two systems was completed on 15 December. 
The results of the tests essentially agree with similar tests that were con- 
ducted at WMSO.     The l-Hz system does not respond to microseisms in the 
period range 0. 2 to 0. 7 sec as well as the 3-Hz system,   but responds slightly 
more to microseisms with periods greater than 1. 5 to 2. 0 seconds.    In our 
opinion,  the 3  TJ* system is the more suitable system for present observatory 
purposes,  b( ..e the majority of the teleseismic P waves observed have 
periods of about 1 second.    The short-period microseisms are effectively 
cancelled when summations of at least nine of the individual 3-Hz seismo- 
graphs are used at CPSO.    With the high frequency component attenuated,   the 
summation seismographs provide a better ratio of signal to longer period 
noise than does the l-Hz system,  because the long-period component of the 
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microseismic background is attenuated more relative to 1 Hz by the 3-Hz 
seismograph than by the  I-Hz seismograph.    Figure 52 is a CPSO seismo- 
gram which illustrates the responses of Z10 and ZIO-i to a teleseismic 
signal with period tf about 1. 0 second. 

] 3. 15   PULSE CANCELLATION CALIBRATION PROCEDURE 

The present method for equalizing and calibrating the seismographs of the 
observatory arrays is to measure and adjust the phase and amplitude response 
of each instrument within specified tolerances.     This procedure is time con- 
suming and may not be the best method for matching the instrument for sub- 
sequent machine processing.     The pulse cancellation method was proposed as 
a more rapid and perhaps more accurate means of equalizing the array instru- 

* ments.    With this method,  each instrument of the array is successively compared 
with a standard instrument.     The comparison is made by driving the calibration 
coils of the standard seismographs and a second seismograph being compared 

f to it simultaneously with a step function and recording the difference between 
J, the output signals of the two seismographs.    The difference signal is then 

reduced to a minimum by adjusting magnification and if necessary the parameters 
1 of the second seismograph.    One drawback of this method is that it is not im- 

mecUately obvious which parameters of the second system should be changed 
to reduce the difference signal to a minimum. 

4 To evaluate the pulse cancellation calibration method,   laboratory tests were 
conducted using two seismographs.    It was found that when the parameters of each 

I! of the seismographs were set within the established tolerances the outputs could 
|j be cancelled within about 5 percent.     This is a ratio of 20 to 1 between the 

zero-to-peak output of the reference seismograph and the peak-to-peak difference 
»between the outputs of the reference and test seismographs      This procedure 

and the results of the laboratory tests are described in detail in TR 64-87. 

I 
I 

I 

Based on the laboratory tests,  a field evaluation of the pulse cancellation methd 
was made at BMSO.    Initial tests indicated that when the amplitude and phase 
response of each of the seismographs were adjusted within the allowable 
tolerances,  the pulse cancellation ratios ranged from 10 to 1 to 20 to 1,   with 
an average of 13 to 1.    An investigation indicated that the poor cancellation was 
primarily due to nonlinearities in the seismograph system and to inadequate 
control of galvanometer damping.    After reworking the phototube amp'ifiors and 
installing vernier controls for galvanometer damping,  the resulting ratios 
ranged from 12 to 1 to 50 to 1,  with an average of 23 to 1.    A subsequent check 
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of the frequency response and the phase response of the seismographs showed 
that in two cases the seismographs were out of tolerance yet the cancellation 
ratio was still more than 20 to 1.    This would indicate that there were per- 
haps compensating nonlinearities.    As a result of these tests,  it was not 
clear whether the pulse cancellation method or the setting of individual am- 
plitude and phase responses offered the most reliable method for matching 
the instruments of the array. 

To better understand the affect of various system parameters jn the character- 
istics of the seismograph and on the pulse cancellation,  a thecretical study was 
undertaken using our CDC- 160A computer.    The computer was programmed to 
calculate the response of a seismograph for various combinations of seismometer 
and galvanometer parameters.    The seismometer period,   galvanometer period, 
seismometer damping,  and galvanometer damping were varied and the deviation 
of response characteristic from the ideal response was determined as a function 
of frequency.     The results are shown in figure 53.     The variation in the pa- 
rameters were selected to cause maximum deviations in the response yet still 
stay within the specified response tolerances. 

The difference between the output of two seismographs as the parameters of 
one of the ceismographs is changed is shown in figure 54.    A study of the 
waveforms show several interesting leatures of the pulse cancellation method. 

a. Six different variables contribute to the cancellation pulse.    A pulse 
caused by a combination of these variables is difficult to analyze by visual 
methods.    It is possible that by calculating cancellation pulses for a series 
of seismograph parameters that the shape of the cancellation pulse can be 
used as a guide to determine how the parameters should be changed to properly 
match the seismographs. 

b. Variations of different parameters which cause equally important 
changes in the frequency response do not have equivalent effects on the 
cancellr.tion pulse.    In particular,   the effect of a 4 percent deviation in the 
seismometer free period on the cancellation pulse is more than twice as 
great as the affect caused by a 7 percent deviation in seismometer damping. 

c. Minor system nonlinearities cause a serious problem.    A 2. 5 per- 
cent nonlinearity,  based on the best zero based straight line in one of the two 
seismographs gives rise to a cancellation pulse approximately as large as 
that caused by the maximum allowable deviations in the basic seismograph 
parameters. 
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Figure 53.    Percentage changes in the normalized frequency 
response of a Johnson-Matheson seismograph caused by 

deviations in the system parameters.    The frequency 
response tolerances are shown as dashed lines and 

the percentage change in solid lines 
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Figure 54.    Cancellation pulses for various conditions of the 
tested seismograph.    Each pulse represents the output of the 
tested seismograph minus the output of an ideal seismcgram 
and is   given in percent, of the zero-to-peak amplitude of the 

pulse from the ideal seismograph 
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It is possible that another method which is intermediate between the two 
might be even more useful.    For example,   sine wave signals at three 
frequencies,  probably 0.8,   1.0,  and 3.0 Hz,   could be applied simultaneously 
to a standard seismograph and to a seismograph under test.    The parameters 
of the test instrument would then be adjusted to minimize the difference 
signal at the three frequencies.    Another possibility is the use of pulses 
with special shapes. 

Because our objective is to develop a rapid method of calibrating and 
equalizing the seismographs in an array,  we propose to continue field evaluation 
of several techniques.    As a test,  we propose to calibrate the surface array 
and the buried array at UBSO using two different methods.     The surface array 
will be calibrated using the pulse cancellation or another cancellation method 
and the subsurface array will be calibrated using the conventional technique. 
The resulting data will then be examined to determine possible differences in 
enhancement of P-wave signals by the two arrays. 

3.16   EVALUATION OF ADJUSTABLE FREQUENCY GALVANOMETERS 
AT BMSO 

Three modified 3-Hz galvanometers.   Model 4100-Z13 (figure 55),  whose 
natural frequency is adjustable within a ±10 percent range,  was developed 
under Project VT/4054 to facilitate better equalization and maintenan:e of 
short-period seismograph frequency responses.     These galvanometers were 
installed in PTA's at BMSO and tested in conjunction with the pulse cancellation 
method of seismograph response equalization.    Results to date indicate that 
the galvanometers are satisfr.ctory and that equalization of frequency responses 
either by the normal method or by the pulse cancellation method is significantly 
improved using these galvanometers. 

Two of these galvanometers were damaged b1, lightning at BMSO.    Examination 
of the structural features of the damaged galvanometers showed no evidence 
that they ma/ be more susceptible to damage by lightning than are the standard 
3-Hz units.    Additional testing of the adjustable galvanometers to more fully 
determine its susceptibility to lightning damage relative to the standard galva- 
nometer will be done. 
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4.    ROUTINE ANALYSIS AND ANALYSIS EVALUATION 

4. I   INTRODUCTION 

The VT/1124 observatories recorded seismometric data on a continuous basis 
during this reporting period.     The recorded data were routinely analyzed,   the 
analysis checked,  and a tabulation of initial arrival times of earthquake signals 
transmitted to the United States Coast and Geodetic Survey (USC&GS) daily. 
Analysis data were finalized when the USC&tGS Preliminary Determination of 
Epicenter (PDE) cards were received,  and a monthly earthquake bulletin was 
prepared using these data. 

Sixteen-mill4"^eter film seismograms and preliminary analysis data were 
routinely selected on a random basis,  about every 2 weeks,  and forwarded to 
our Garland laboratory for review by a quality control analyst.     The data 
recorded were also used to evaluate the seismograph systems operated and 
tested at the observatories,  and to conduct special research studies (see 
sections 3 and 5). 

4. 2   ROUTINE ANALYSIS PROCEDURES 

4. 2. 1    Preliminary Analysis 

Seismograms recorded at each observatory were studied during each 24-hour 
period.    Preliminary analysis was done on an "on-line" basis at the Develo- 
corders and was recorded  on worksheets (appendix 2).     The worksheet was 
designed to be compatible to both station use in preliminary analysis and 
direct transcription of data to IBM cards.     The data on these sheets were used 
to compile information for the USC&GS daily reports,  the monthly earth- 
quake bulletin,  and for various statistical analyses.     The IBM card format and 
instructions for use of the analysis form are given in Geotech TR 64-59, 
Standard Operating Procedures for Seiomological Observatories. 

4. 2. 2   Checking of Preliminary Analysis 

The seismograms were reviewed by a second analyst who checked the arrival 
times,   period,  and amplitude measurements recorded on the worksheets,   and 
reviewed events classified as "possible signal" by the preliminary analyst. 
After the preliminary analysis had been verified,  the appropriate data were 
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coded and transnrütted to the USC&GS.    At BMSO and UBCO,   these checks were 
made and the message sent to the USC&GS on the same day during which the 
data were recorded: ho^jver,   because of the different time zone at CPSO,   the 
checking of preliminary analysis and the transmittal of the message was delayed 
until the morning following the recording day 

4, 2. 3   Daily Reports to the USCSiGS 

Arrival times and period and amplitude measurements of events recorded at 
each observatory were reported daily to the Director oi the USC&GS in 
Washington,   D,   C.    In July 1963,  a reporting format that was compatible 
with automated data storage was adopted at the request of the USC&cGS.    Data 
transmitted using this format are automatically stored on magnetic tape and 
are later recovered end used by the USC&GS to locate hypocenters. 

In mid-September 1963,  the Project Officer requested that we begin reporting 
the arrival times of all naturally occurring events to the USC&GS.    (Prior to 
the receipt of this request,   only regionals,  teleseisms,  and large local or 
near-regional events were reported.)   When the observatories began reporting 
all natural events,  the normal length of the daily message increased by a factor 
of 2 or 2. 5; however,   the Project Officer approved the reporting of arrival 
times for swarms of aftershocks from local and near-regional events by 
air mail letter.     The number of events of each type reported to the USC&GS by 
BMSO,   CPSO,  and UBSO from July 1963 through February 1965 are tabulated 
in table 19.    Also given in table  19 are the r.umber of events for which 
hypocenters were located by the USC&GS and the percentage of the located 
events that were recorded at each observatory. 

The number of earthquakes detected by BMSO,   CPSO,   and UBSO and located 
by USC&GS are listed in table 20. 

Arrangements were made for UBSO and CPSO to transmit their daily messages 
to the USC&GS by way of the General Service Administration (GSA) TWX 
operators in Denver,   Colorado,  and Nashville,   Tennessee,   respectively. 
The GSA operators relayed the daily messages to USC&GS in Washington,   D.   C. 
Messages were tiansmitted through the GSA operator 5 days a week but were 
transmitted directly to the USC&GS in Washington,   D.   C. ,  by Western Union 
on weekends and holidays,  when the GSA offices were closed. 

The daily message Irom BMSO to the USC&GS was transmitted to Washington, 
D.   C. ,  by personnel of the 821st Air Force Radar Squadron Communications 
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Group,   located near BMSO.    On weekends and holidays,   the message was 
transmitted to the USC&GS by Western Union. 

4. 2. 4   Final Analysis - Epicenter and Fhase Association 

Prior to September 1964,  phase arrivals recorded at the VT/1124 observatories 
were manually associated with hypocentral information reported by the USC&GS 
in the PDE cards.    Prior to the preparation of data for M? rch 1964,  all event 
associations and phase identifications were made in Garland; however,  beginning 
with preparation of the March data,  the associations were made at the observa- 
tories at the request of the Project Officer.    The review of seismograms in 
Garland was limited to those events for which data on the analysis sheets 
appeared anamalous and which in the analyst's opinion should be checked. 
This procedure for final analysis reduced the effort required for association 
of observatory data with PDE data,  however,   it is probable that the association 
data was not as complete as it was when all seismograms were reanalyzed. 

Beginning with the data for September 1964,  all event associations and phase 
identifications were made by the Automated Bulletin Process (ABP).     The ABP 
output is checked for anamalous associations before the publication of the multi- 
station bulletin, 

4. 2. 5   Report on the Registration of Earthquakes 

4. 2. 5. 1   Storage of Bulletin Data on IBM Cards 

An IBM card format for the storage of earthquake bulletin data was adopted 
in September 1963.    An analysis form (appendix 2) designed from the format 
was supplied to the VT/1124 observatories and WMSO.    Semiautomation of 
preparation of the earthquake bulletin was achieved when card storage of daca 
began.    Semiautomation of bulletin preparation facilitated incorporation of 
data from several observatories into one monthly bulletin. 

Data from the VT/1124 observatories were combined with data from WMSO 
and published in a four-station bulletin.    The bulletin for February 1963, 
published in November 1963,  was the first to contain data from the four 
observatories.     Tonto Forest Seismological Observatory (TFSO) data were 
added to the bulletin in the April 1963 issue.    A total of 22 multistation 
earthquake bulletins that cover the period February 1963 through November 1964 
were published during the contract period.     The data for September through 
November 1964 were associated and compiled by the Automated Bulletin 
Process (AFP) described in section 5. 1. 
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Table 19.    Locals (L),   near regionals (N),   regional^ 
 USC&tGS by BMSO,  CPSO,  and UBSO 1 July 

July 1963 

BMSO b 
CPSO b 
UBSO b 
USC&GS 
signals 

located 

ilT 

Per" 

77,9 
43. 5 
60. 7 

BMSO 
CPSO 
UBSO 
USCfcGS 
signals 
located 

August 1^6) 

81. (, 
45.0 
84. 0 

a pU-mbcr I9bi 
L_ Jt _R_ 

BMSO b b b 

CPSO b b b 

UBSO b L b 
USC&GS 
signals 42i 
located 

December 1963 Januar V 1964 February 1964 
L N R i Pera L N R T Per» L N                R 

BMSO 104 393 2b 782 82.1 BMSO 78 371 19 584 79.4 BMSO 53 228           15 
CPSO 0 23 2 377 46.2 CPSO 0 7 6 3?.o 50. 3 CPSO i 12           15 
UBSO 48 195 20 5b4 80. 3 UBSO 60 255 20 539 78.5 UBSO 25 189           31 
USCbGS USCS.CS USCtGS 
fignals 392 signals 344 signals 312 
locatsd located locate a 

May 1964 June 1964 July 1964 
L N_ R. 2. Per» .L it R_ T_ Per» L_ ü               A 

BMSO 107 101 8 584 80.9 BMSO 8b 65 3 449 77.5 BMSO 85 95              17 
CPSO 1 36 40 444 53.1 CFSO 3 76 13 411 57.2 CPSO 4 126              22 
UBSO 90 188 25 748 Bl.9 UBSO 62 178 18 646 84. 7 UBSO 83 182               38 
USCtGS USCfcGS USCfcGS 
signals 594 signals 348 signals 338 
located located located 

October 1964 N ov ember 1964 Dc cemb cr 1964 
L N R T Per» L N R T Per" L N R -     

BMSO 74 67 1) 630 75.0 BMSO 47 39 lb 708 76. 1 BMSO 47 45 12 ,   _ 
CPSO 6 7 3 14 325 42.9 CPSO 0 80 9 359 46, 1 CPSO 7 5k 2 ... 
UBSO 30 212 33 794 73.0 UBSO 51 201 29 746 73.0 UBSO 62 24 2 38 
USCfcGS USCfcGS 'JSCfcGS •S 
signals 364 signals )5b signals 303 
located located iocated , 

»Percentage of those events located by the USCfcGS that were 
reported by the indicated observatory - compiled from earth- 
quake bulletin data 

"Data not routinely tabulated prior to 1 October  1963 
cBased on USCfcGS'     Earthquake Data Report' 

''Not available 

A 



ionaLs 
1 Ml 

■ als (N),   regionals (R),  and teleseisms (T) reported to the 
■ and UBSO 1 July 1963 through 28 February 1965  

r 196}   
l^ 

Jji p!cir.b*r 1961 Octobc r 1963 N ovember 19b i 
J. ü JR_ T, Pera 

Ji Ji R. J_ Per" JL Ü _R X PfT* 

b b b b b 81,0 BMSO 185 605 31 1180 85.2 1 MSC 87 37! 53 757 79.5 
b b b b b J5. 1 CPSO 0 IS 10 667 (1. 1 CPSC 2 31 9 484 55. ö 
b 

,5 
b b h b 80.3 UBSO 

USCfcOS 
SI 30 i 4 1 1991 t5.2 UBSO 

USC&GS 
28 IbG 68 763 75.7 

'* 3 
! 

422 signals 
located 

705 signals 
located 

391 

1964 February 1964 March 1964 April 1964 
K_ Ji J^ J* _T Per» L. _N 2_ x Per4 _L _N _R X Per3 

15 ■.■:; 53 228 15 501 79.8 BMSC 95 203 20 1621 87.8 BMSO 216 UC 11 1240 90.7 
15 3 12 15 331 47.9 CPSO 0 30 16 913 69.1 CPSO 1 2) 49 601 63.5 
31 

IS 

25 189 31 471 77.2 UBSO 
USCbGS 

69 197 26 1571 87.3 UBSO 
use«. OS 

103 228 26 1212 87.6 

2 
312 «ignals 

located 
641 signals 

located 
614 

964 
R_ L. it ,R JL Per» 

l-> 85 95 17 683 80.6 
22 4 125 22 449 62.1 
38 ^               83 182 38 825 86.5 

388 

August 1964 x N_ R_ T_ Pera 

BMSC 79 65 17 668 7t.5 
CPSO 4 107 14 401 55.4 
uaso 72 2'-8 36 651 81.1 
use «.OS 
signals 350 

located 

September  1964 
Ji N i JL Per3 

BMSO 79 73 9 606 75.5 
CPSO 2 87 13 252 43.4 
UBSO 39 256 58 696 79.1 
USCfrGS 
signals 336 
located 

1964 1964 January 1965 February 1965 

R. U_ N_ R_ T. Per» Ji _N R_ * Per" L. iL _R T_ Perj1 

12 47 45 ,2 48'. 64. 4C BMSO 74 49 7 4iA 61.2C BMSO 108 24 4 1057 d 

2 7 51 7 374 43. 6C CPSO 2 41 2 407 45. 8C CPSO 0 44 3 1426 d 

38 

,S 

62 242 36 710 79. 5C UBSO 
USC4.GS 

21 280 25 738 67. 8C UBSO 
USCt-GS 

34 244 37 3015 d 

3 303 signals 358 Signa.s d 

located located 



Table 20.    Earthquakes detected by BMSO,  CPSO,  and UBSO and earthquakes 
reported by USC&tGS between 1 July 1963 and 30 November 1964  

Number Number Percent 

Number Reported D etected by Detected by 

Observatory (Degrees) by USC&GS Ob iservatory Observatory 

BMSO 0      -    16.0 532 419 78.7 

16. 1 -    30.0 1175 1112 94.6 

30. 1 -    60.0 1158 1008 87. 1 

60. 1 -    90.0 2353 2133 90.6 
90. 1 - 104.0 1089 657 60.3 

104.1 - 110.0 230 57 24.7 
110. 1 - 180.0 437 292 66.8 

Total 6 974 5678 81.4 

CPSO 0      -    16.0 28 26 92.8 
16. 1 -    30.0 908 519 57.2 
30. 1 -    60.0 1816 1371 75.5 
60. 1 -    90.0 1543 1189 77. 1 
90. 1 - 104.0 790 118 14.9 

104.1 - 110.0 483 17 3.5 
110. 1 - 180.0 1406 483 34.4 

Total 6 974 3723 53.4 

UBSO 0      -    16.0 548 479 37.4 
16. 1 -    30.0 431 408 94.7 
30. 1 -    60.0 1770 1669 94.3 
60. 1 -    90.0 2225 2044 91.9 
90. 1 - 104.0 1117 583 52.2 

104. 1 - 110.0 243 53 21.8 
110. 1 - 180.0 640 462 72.2 

Total 6974 5698 81.7 

TR 65-58 137- 



The five-station earthquake bulletin distribution list is included as appendix 5 
to this report. 

4. 2. 5. 2   Semiautomation of Bulletin Preparation 

To expedite the preparation of data for the monthly bulletin as much as possible, 
all phases of   bulletin preparation that were readily adaptable to processing on 
the Control Data Corporation 160-A Computer at Geotech were automated. 
Station-to-epicenter azimuth,   station-to-epicenter distance,  ground displace- 
ment,  and station magnitudes were calculated, using the computer. 

In addition,  two error-chc~k programs (BCK 1 and ECK 2) were written for 
the CDC 160-A computer.     These programs were used to check the bulletin 
data twice; once before ground displacement and station magnitude calculations 
were made,  and once after all data were compiled.    These programs checked 
for data-sequencing errors,  anomalous data values,  and incomplete data. 
Errors and potential errors were flagged and checked manually.    These 
programs reduced the effort required for proofreading of the bulletin prior 
to publication and significantly increased the reliability and accuracy of data 
published in the bulletins.    After all data were compiled,  punched onto IBM 
cards and checked, multilith offset masters were prepared on an IBM 407 
Printer and the bulletin was printed.    All bulletins published from October 1963 
through August 1964 were prepared and checked using these semiautomated 
procedures. 

4. 2. 5. 3   Automation of Bulletin Preparation 

Beginning with the September 1964 bulletin,   all bulletin preparation and 
checking procedures became fully automated.    Data from each observatory 
were punched on IBM cards,  directly from the analysis sheets.    The cards 
were processed on the CDC 160-A computer using a program that checked 
for proper sequencing,  anomalous data values,     na incomplete data.    The 
data were then transcribed onto magnetic tape and shipped to SDL where the 
data were used as input to the ABP.    The bulletin was prepared,  written on 
magnetic tape,  and the tape returned to Garland.     The prepared bulletin data 
was transcribed onto IBM cards by the CDC 160-A computer and another 
program was used to check the data.    Multilith offset masters were then 
prepared on an IBM 407 Printer and the bulletin was printed.    A complete 
description of the  ABP is included in section 5. 1 of this report. 
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4. 3   ROUTINE ANALYSIS EVALUATION - QUALITY CONTROL 

Short-period and long-period 16-millimeter film seismograms and magnetic 
tapes from tape recorders 1 and 2 were routinely checked in Garland.    We 
found that these quality control checks were valuable to both observatory 
personnel and the Garland support personnel by helping 10 detect equipment 
malfunctions and areas of misunderstanding that might otherwide have gone 
undetected for extended periods of time. 

4.3.1    Qualify Control of Sixteen-Millimeter Film  Seismograms 

Short-period and long-period 16-millimeter film seismogT   vnb and routine 
analysis of these seismograms performed at the VT/1124 observatories were 
routinely checked and evaluated in Garland on a random basis.    Following is 
a tabulation of the major items that were checked by the quality control analysts; 

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

b. Develocorder logs -   completeness,  accuracy,  and legibility of logs; 

c. Sixteen-millimeter film seismograms: 

(1) Quality of the over-all appe      .nee of the record (e. g. ,  trace 
spacing and trace intensity); 

(2) Quality of film processing; 

d. Analysis: 

(1) Completeness and accuracy of the analysis: 

For reporting to the USC&GS 
For preparation of data for the earthquake bulletin 

(2) Accuracy of all measurements; 

(3) Completeness of analysis sheets: 

Completeness of entries 
Legibility of entries 
Neatness of ana'ysis sheels. 
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When the quality control check had been completed, a critique,  the seismograms, 
the logs,  and the analysis sheets were returned to the observatory for review 
and comment by the observatory personnel. 

4. 3. 2   Quality Control ol Magnetic.-Tape Seismograms 

Routiu ^ quality control checks of randomly selected magnetic-tape seismo- 
grams from each magnetic- lape recorder were made in Garland to assure 
that recordings met specified standards.    The following are among the itsms 
that were checked by the quality control group - detailed quality control 
specifications for magnetic-tape seismograms are given in appendix 5 to 
TR 64-118. 

a. Tape and box labeling; 

b. Accuracy,  completeness,  and neatness of logs; 

c. Adequate documentation of logs oy voice comments on tape; 

d. Seismograph polarity; 

e. Level of calibration signals; 

f. Relative phase shift between array seismographs; 

g. Level of the microseismic background noise; 

h.    Level of the system m.ise; 

i. PTA dr balance; 

j. Oscillator alignment; 

k. Quality of the recorded WWV signal; 

1. Time pulse carrier; 

m. Digital time marks. 
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5.    EVALUATION AND SPECIAL INVESTIGATIONS 

5. 1   AUTOMATED BULLETIN PROCESS 

5. I. 1   General 

On 25 November 1963,  we received the VT/1124 auto nated bulletin system 
manual and one set of IBM cards,  which comprised the object and source dec! . 
of the (ABP) programs,  from Texas Instruments (TI).    The programs and 
associated data, as expected, were incompatible with the CDC 1604 computer 
at SDL.    Initially, we planned to update and debug the program,  and make it 
compatible with the CDC 1604 computer (and many other comparable computers) 
by writing the program in FORTRAN language as described in Geotech's 
Technical Proposal P-218; however,  after reviewing the TI ABP we concluded 
that complete rewriting of the program would be more efficient. 

5. 1. 2   Review of the Previous Automated Bulletin Process 

5. 1. 2. 1   We reviewed TI's Status Report, Automated Bulletin and Seismic 
Data Retrieval System? and made a cursory comparison of a portion of the 
ABP associated and the manually associated bulletins for January 1963.    The 
ABP programs written by TI were designed to update hypocentral data obtained 
from the USC&GS PDE cards,  to associate earthquake phase arrivals with the 
hypocentral data, and to identify the earthquake phases.    The TI programs 
were written for computers with relatively small numbers of storage locations 
(IBM 1401 and IBM 7074) and were comprised of 11 separate programs that 
require 13 passes for execution.    Of the 11 programs,   5 were written in IBM 
1401 machine language and,  therefore, were comprtible to no other computer. 
The programs that were written in FORTRAN language would have required 
updating in order to be made compatible with the present CDC 1604 FORTRAN. 

5. 1. 2. 2   During the cursory comparisons of the automatically associated 
and manually associated bulletins fiom January 1963,  a few discrepancies 
were noted in the bulletin prepared using the ABP that were not discussed in 
TI!s status report.    Following are some of the major discrepancies noted: 

a.    Some initial arrivals that fit within the prescribed identification 
and association window and appeared to satisfy the required secondary criteria 
were not associated with located epicenters (for example,  P phases 1 to 4 seconds 
late). 
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b. No curves were fitted to the travel-time tables of phaoes included 
in the ABP; instead,  at each of 14 depi   s,   selected points from 35 travel- 1 
time tables (including branches of some phases) were read into the computer. 
The points selected from the travel-time tables were inadequate for accurate 
phase identification and association.    The number of points selected for use ■ 
was increased at each depth (for example,  the total number of points used 
for P at each depth was increased from approximately 25 to 50). 

c. The hypocenter updating of the program offered essentially no 
improvement of the data reported in the PDE cards,  because it is unlikely _ 
that data from four or five stations in one quadrant are adequate to improve 5 
the PDE data.    We suggested that the USC&GS data be utilized as they 
are received. _ 

d. We recommended that the criteria for phase identification and 
association be examined and re-evaluated based on results obtained in the — 
January 1963 ABP associated bulletin,  and that the crtieria be changed or | 
updated as required. 

I 

b. In some instances,  phases that were recorded most strongly on 
the vertical component of a seismograph system were identified as shear 
phases (for example,  long-period vertical phases identified as S,  SS,  or 
SSS). 

c. Several phase arrivals observed on the short-period seismograms 
were identified as phases that are predominantly recorded by long-period 
systems (for example, SSP and PPP). 

d. Some phases that exceeded the apparent identification window 
widths were erroneously identified. 

5. 1. 2. 3   Because of several factors concerning the TI ABP programs and 
associated data,  we recommended that the most economical and expeditious 
way to revise the ABP programs was to rewrite and consolidate the 
association programs.    The major factors that influenced this decision, 
and some of our recommendations for rewriting and consolidating the programs 
are as follows: 

a.    Detailed logic diagrams and/or descriptions of the major programs 
were not available. 
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e. Consolidating the mam association programs and rewriting the 
program in FORTRAN language was recommended so that the program would 
be compatible with manylarge computers.    This was planned in order to mini- 
mize the time required for bulletin preparation and because reconstruction of 
logic diagrams for the existing programs prior to debugging was thought to be 
more time consuming and less efficient than rewriting the program. 

The TI program allowed a maximum of 10 days data to be processed at one 
time (13 passes).    We recommended that the new ABP program allow data 
from a full month (except for months during which an abnormally high level 
of seismic activity occurs) to be processed during one series of production 
•»•uns (4 passes). 

f. We also recommended that an effort be made to develop an ABP 
capable of utilizing "normal" analysis data received from each observatory, 
and insofar as possible,  possess logic whereby it could benefit from the 
ability of a trained analyst to base interpretations on seismogram "character. " 
(The original ABP required that the observatory analyst?s report period and 
amplitude data from each component of each seismograph system for each 
recorded seismic phase arrival. ) 

g. We suggested that the identification-time-window widths and 
secondary association criteria recommended for use in the new ABP be 
based on statistical data of time residuals observed for each phase of interest, 
and that specification of travel-time tables and travel-time table values be 
accomplished in conjunction with the determination of identification-time- 
window widths because of the close relation between the two. 

5. 1. 2.4   Early in January 1964,  the Project Officer requested that we direct 
effort toward rewriting of the ABP program,    AFTAC agreed basically with 
our recommended approach to the rewriting of the ABP; however,  they 
thought that effort should be divided between Projects VT/1124 and VT/2037. 
AFTAC requested that we assume responsibility for the "seismological aspect" 
of the task,  and that we submit recommendations for the new program (to be 
written by SDL under Project VT/2037). 

5. 1. 3   De-ermination of Association Window Widths and Secondary Criteria 

Because hypocentral data reported by the USC&GS in their PDE cards were 
to be used in the ABP,  and because these data are based on the 1958 
"Jeffreys-Bullen Travel-Time Tables. "   We decided to use selected values 
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from these travel-time tables in the ABP program.    In February 1964,  we 
began a study to determine which phases were most commonly recorded,  the 
mean arrival time residual of each of the more commonly recorded phases, 
and the secondary association criteria for each of these phases. 

Hypocentral depth,   station-to-epicenter distance,  station code, and phase 
arrival time for all identified phases from 1613 known hypocenters that were 
recorded in April,  May,  June, and October 1963 were recorded on digital 
magnetic tape.    From these data the more commonly recorded phases were 
determined, and the mean arrival time residual ior each of 23 of the most 
often recorded phases were calculated.    The 23 phases (including branches 
of P',  PKKP,  SKP,  and SKS) for which travel-time residuals were deter- 
mined, and the number of occurrences of each of these phases are listed in 
table 21. 

After the most often recorded phases were determined,  a "maximum allowable" 
residual value was established for each phase (see table 21),    This maximum 
allowable residual was based on the distribution of observed residual values, 
and on the commonly observed periods of the phase.    Any residual that 
exceeded the maximum allowable window was assumed to be the result of 
inaccuracy in the PDE data,  data transcription errors,  or questionable phase 
identifications,  and was not used in the determination of the mean residual 
and standard deviation for that phase.    Travel-time table val.ies for use with the 
ABP (appendix 6) were selected,  tested,  and used in the determination of mean 
travel-time residuals for each of the 23 phases.    Association residual time 
windows were based on the mean residual and standard deviation for each 
phase.    All associated windows are approximately equivalent to the mean 
residual plus or minus twice the standard deviatic a,  except P and PKP 
where the windows are equivalent to the mean residual plus or minus three 
times the standard deviation (table 22). 

Secondary criteria ha"e been established for each phase; however,  these 
criteria were designed so they did not appreciably increase the analysis 
work load at the observatories.    The criteria specified for each phase are 
given in table 23. 

During our consideration of the problem of specification of association 
criteria,  it became evident that not all criteria used by analysts during 
seismogram analysis can readily be reduced to quantitative terms; therefore, 
not all criteria lend themselves to translation into language compatible with 
automatic processing.    In those cases where phase identifications and/or event 
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Table 21.    Statistical data used to determine the 
phase association window widths for the ABP 

Maximum Number 
Number allowable of Mean Standard 

Phase of res idual arrivals residual deviations 
name arrivals (sec :onds) not used (seconds) (seconds) 

P 5127 ±15.0 70 + 0.4 2.4 
PKPi and 454 ±20.0 25 + 1.6 4.6 

PKP2 

PKKP ,, PKKPo 246 ±40.0 19 + 3.8 10. 1 
and PKKP 3 

PP 564 ±30.0 33 - 1. 1 9. 1 
S 549 -15.0 to +30.0 35 + 8.6 6.6 

pP 674 ±30.0 18 - 1.6 4.7 
PcP 320 ±30.0 7 - 0.5 6.6 
SKPi. SKP2 100 ±40.0 4 - 0.9 10. 1 
SKSj, SKS2 135 ±30.0 14 + 6.6 7.7 
SS 296 ±30.0 45 + 8.3 10.7 
ptp. 131 ±30.0 14 - 1.9 12.3 
PS 111 ±30.0 10 + 0. 1 9.5 
SSS 135 ±40.0 18 + 11.6 14.9 
SPP 146 ±30.0 17 + 8.0 10. 5 
PPP 194 ±30.0 18 - 0.6 11. 5 
SP 281 ±30.0 17 + 5.6 7.8 
PPS 159 ±30.0 18 + 2.5 11.3 
ScS 142 ±30.0 3 + 4.8 8.4 
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Table 22.    ABP phase association window  /alues, and percentages of 
events available and events used in the study that would have been 

associated by an ABP using these association window values 

Percentage 
ABP association for Percentage 

association arrivals used to association 
Phase window values determine mean including 
name (seconds) residuals all arrivals 

P -  6.0. +  7.0 96.6 95.3 
PKP (1 and 2) -12.0, + 15.0 94.0 91.4 
PKKP (1,  2,  and 3) -14.0. +22.0 95.1 87.8 
PP -18.0. +20.0 93.6 88.0 
S -  6.0, +22.0 92.4 86. 5 

pP -11.0. +  9.0 94.2 91.7 
PcP -13.0, + 12.5 94  2 92.2 
SKP (1 and 2) -21.0. + 19.0 92.7 89.0 
SKS (1 and 2) -  9.0. +22.0 94. 1 84.6 
SS -13.0. +29.0 96.2 80. 1 
p.p. -27.0, +23.0 95.7 85. 5 
PS -20.0, +20.0 94. 1 85.6 
SSS -18.0, +40.0 97.4 84. 5 
SPP -13.0, +29.0 94.6 83.6 
PPP -23.5. +22.5 94. 3 85.6 
SP -10.0. +22. 5 94.7 89.0 
PPS -20.0. +25.0 92.2 88. 1 
ScS -12.0. +21. 5 92.8 91.8 
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Table 23.    Secondary phase identification and associated criteria for 
use in the ABP program  

PcP 

ScS 

KEY: 

Component 
Distance range vSystem on which 

at which the on which the phase 
phase may be the phase should be 

Phase recorded may be recorded 
name (decrees) recorded 

Any 

best 

P .0001-110.0 z 
PKP1 110.0-180.0 Any Z 
PKP2 143.1-180.0 Any Z 

PKKP1 20.0-162.0 SP IB Z 
PKKP2 105.1-126.0 SP IB Z 
PKKP3 94.1-126.0 SP IB Z 

PP 10.0-180.0 Any Z 
S 0. 1-11J.0 Any H 

pP 20.5-100.0 Any z 

1.0-  80.0 

5.0-  80.0 

Any 

SKP1 104.1-180.0 Any Z 
SKP2 130.1-148.0 Any z 

SKS1 63.0-133.0 Any H 
SKS2 101.0-180.0 Any H 

SS 25.0-180.0 BB LP H 
p.p. 1.0-140.0 SP IB Z 

PS 45.0-145.0 BB LP H 
SSS 45.0-180.0 F.Ö LP H 

SPP 45.0-180.0 BB LP Z 
PPP 10. 1-180.0 BB LP Z 

SP 45.0-145.0 BB LP Z 
PPS 45.C-180.0 BB LP H 

Any 

SP    -   Short period 
IB     -   Intermediate band 
BB   -   Broad band 

H 

LP 
Z 
H 

Other criteria for 
identification and 
association of 
 phases  

Doubtful if period is less than P 
Period must be greater than P 

Period must be equal to or greater 
than P.    Must be deeper than 50 km. 
Doubtful if the absolute value of 
(P residual - pP residual) is greater 
than 5 sec.    Doubtful if P phase of 
the event is not recorded. 

Doubtful if period greater than P 

- Long period 
- Vertical component 
- Horizontal component 
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type identifications are primarily based on qualitative criteria,  we recommended 
that the station analyst's opinion override the ABP decision.    Instances in 
which analyst's opinion should prevail follow. 

a. For events not associated with hypocenters reported on the USC&GS' 
PDE cards,  the analyst's phase identifications and event type designations are 
used. 

b. If the first arrival of a phase sequence that has been identified as 
a local (L) or near regional (N) event by the analyst falls within the expected 
arrival time window of a located tele seismic (T) or regional (R) event,  the 
station analyst's identification is used and no association of the phase sequence 
is made.    The predicted P phase travel time must be equal to or less than 
88 seconds (plus the P phase association window) in order for an event identified 
as L or N to be associated with a PDE location. 

c. For events that have been identified as either L,  N,  or R either 
by the ABP or the station analyst, the analyst's identification of the surface 
waves is used. 

d. The ABP does not attempt to identify or associate Love (L) or 
Rayleigh (R) phases; when these phases can be identified,  they are identified 
by the station analyst during the preliminary seismogram analysis. 

e. All phase arrivals recorded by different seismograph systems 
tha, are identified by the same phase number during analysis at the observa- 
tories are identified by the ABP as the same phase. 

f. If the first identifiable arrival of an obserT ^d phase sequence has 
been identified by the observatory analyst as L,  R,  or surface (Sur) the 
event sequence is not associated with a USC&GS hypocenter. 

Except for the specific cases in which the ABP relies on the interpretations 
of the station analysts,  identification of phase arrivals in arrival sequences 
associated with USC&GS hypocenters is completely dependent on the ABP. 
If the analyst has attempted to identify a phase arrival and his identification 
does not agree with the ABP identification,  the identification is changed. 
If the ABP is unable to identify an observed arrival, the analyst's identifica- 
tion (if any) is deleted and the arrival is reported as either "e" or "i. " 
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5.1.4   Areas in which ABP Modifications were Required 

Although we attempted to anticipate and compensate for as many of the 
problems of automatic earthquake-phase association and identification as 
possible,   sonne problem areas that were not fully anticipated became 
evident as testing of the ABP and routine processing of data using the 
ABP progressed.    Some of the problem areas are still present in the ABP; 
however,  many have been resolved,  modifications designed to correct others 
have been recommended,  and some refinements are under consideration. 
Brief descriptions of the major problem areas and modifications recommended 
for resolving some of them follow. 

5. 1. 4. 1   Association of Arrival Sequences in which P or PKP are not Observed 
First Arrivals 

If the first observed arrival of a phase sequence failed to fall within the P 
phase association window (A ^110°) or the PKP phase association window 
(A>lI0o),  the entire phase sequence was considered unassociated.    In our 
initial meeting with SDL at VSC, we recommended that logic to associate event 
arrivals based on P or PKP phase data be developed and that this logic be 
changed later to allow the association of events from which P or PKP were 
not recorded.    The program logic will be modified to check and attempt to 
associate each sequence based on one of the first three observed arrivals. 
If none of the first three observed arrivals can be associated,  the arrival 
sequence will be reported as unassociated; however,  if one of the first three 
arrivals is associated, the ABP will test all arrivals of that sequence for 
identification.    These changes were recommended late in April 1965 and the 
effects of this change should be reflected in the December 1964 or January 
1965 bulletins. 

5. 1. 4. 2   Problems of Identifying Phases Whose Predicted Arrival Times 
Overlap 

Within some distance ranges near the points at which travel-time curves for 
different phases cross,  the association windows of two or more phases may 
overlap.    In some instances after all secondary criteria are satisfied,  pre- 
dicted phase arrival times may still overlap,  creating a problem for the 
computer in phase identification.    Several processes designed to resolve these 
problems have been considered.    A brief description of each follows. 

TR 65-58 -149- 



I 

a. Arrival Sequence Method.    If there are an equal number of 
observed arrivals and qualified predicted arrivalis, the correct sequence of 
arrivals should be determined and the observed arrivals should be identified 
accordingly. 

b. Elimination Method.    If there are more observed arrivals than 
there are qualified predicted arrivals,  or if there are fewer observed arrivals 
than qualified predicted arrivals,  the observed arrival with the smallest 
absolute residual value should be identified first and removed from contention. 
Next,  of the remaining arrivals,  the one that has the smallest absolute residual 
value should be identified,  etc. 

c. Blanking of Phases Previously Identified.    If the program wishes 
to change the identification of an observed arrival previously identified because the 
the observed arrival currently being considered has a smaller residual for the 
phase in question,  the program should determine whether there was an alternate 
qualified predicted arrival for the observed arrival previously identified.    If 
an alternate identification were available,  the first observed arrival in question 
shoald be reidentified.    If no alternate identification is possible,  the first 
observed arrival in question should be reported as either e or i. 

After SDL checked the effects of these solutions,   it was decided that we would 
incorporate the "Elimination Method" and the solution to the "Blanking Problem" 
in the program because it appeared that these two would resolve the remaining 
phase overlap problems.    These two sets of criteria will be incorporated into 
the ABP and evaluated. 

5.1.5   Future Testing and Refinement of the ABP 

After the pending modifications of the ABP have been implemented and tested 
and the backlog of bulletins processed,  the bulletins for July and August 1964 
will be processed by the ABP.    The outputs will be closely checked against 
the manually associated data for those months and discrepancies between 
the two bulletins will be checked.    Baseu on the review of these bulletins, 
additional criteria may be recommended to resolve problems that remain. 
In addition,   criteria are presently being considered to circumvent some of the 
problems now present in the ABP (for example,   misassociation of Love and/or 
Rayleigh during preliminary analysis) and to reduce the time required to check 
the output  of the ABP. 
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5. 2   PRELIMINARY INVESTIGATIONS OF AR 

An investigation of the area under the surface wave envelope (AR) for 
explosion signals and earthquake signals was begun during the reporting 
period.     Twenty-six explosion signals and 15 earthquake signals of approxi- 
mately the same magnitude,   recorded at BMSC and UBSO,  were selected 
for the comparison.    Preliminary measurements of AR were made from 
these signals on the short-period and intermediate-band systems; however, 
the investigation was suspended at the request of the Project Officer because 
it was a duplication of work being done on another project.    No conclusions 
can be drawn from the investigation at this time because work was suspended 
before the collection of data was complete. 

i 5.3   DETECTION CAPABILITY STUDY 
a 

On 27 March 1964,  approval of the study to determine the detection capabilities 
1 of BMSO.  CPSO,  UBSO,  and WMSO that was recommended on 4 October 1963 
i 

i was received from the Project Officer.    This study is being conducted jointly 
under Projects VT/1124 and VT/4054.    Specific plans for the study and an 

! estimated schedule for completion of the study were discussed with the 
i Project Officer by G.   S.   Gerlach during a visit to VSC during the week of 

20 April. 

J In May 1964,  we began the investigation to refine estimates of the detection 
capabilities of the observatories operated under Projects VT/4054 and VT/1124. 

1 Because the detection capability of an observatory cannot readily be expressed 
in absolute terms,  we adopted a statistical approach to the problem. 

The probability of tele seismic P-wave signal detection at BMSO,   CPSO,   UBSO, 
and WMSO as a function of signal amplitude,  amplitude-to-period ratio,  and 
signal-to-noise ratio is being determined empirically for each type of pre- 
dominant microseismic noise recorded on the short-period seismograms at 
each of the observatories.     The accuracy of first motion determination, 
amplitude measurements,  and period measurements dlso is being determined 
for various signal amplitudes under different microseismic noise conditions. 

The probability of detection of teleseismic signals superimposed on micro- 
seismic noise is being determined for three seismograph systems for each 
observatory,   as follows: 

I 
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a. Individual short-period vertical seismograph; 

b. Four short-period vertical seismographs (corner and center elements 
of the array) and an uniiltered summation seismograph; 

c. Four short-period vertical seismographs, unfiltered summation 
seismograph,  and filtered summation seismograph. 

Sixten-millimeter film seismograms have been synthesized for this study by 
supe- .mposing signals randomly at various levels on microseismic noise samples 
i-epresentative of the background noise at each observatory (see figures 56,   57, 
and 58).    The nine signals selected fur use in this study are shown in figure 59. 
Each of the nine was played back eight times at each of seven levels and summed 
into each background noise sample selected to obtain the equivalent of many 
low-level signals of known amplitude.    In addition,  each signal occurrence 
was recorded on a reference trace,  free of noise, to facilitate accurate timing 
of arrivals and measurement of amplitudes and periods.    The resulting & -nthetic 
seismograms were copied without the reference trace and the copies were 
analyzed by analysts at each observatory and in Garland. 

At the request of the Project Officer, preliminary data regarding the detection 
capability of the observatories were reported to AFTAC on 30 January 1965,  and 
a br.'   e report covering the selection of microseismic noise types (including 
examples of each) was submitted on 31 March 1965. 

The detection capability s'^dy has been assigned top priority and is progressing 
as rapidly as feasible. 

Plotting of power spectra of the noise samples is approximately 65 percent 
complete.    Power spectra are being plotted for the individual vertical 
seismograph and for the summation seismograph for each noise type.    In 
addition,  noise statistics 'visual) have been compiled from 12 months of routine 
data for each observatory.    These statistics will be compareo to similar data 
from the detection study noise samples and to the spectral data. 

Plotting of the detection probability of each signal is complete for all systems 
and noise types for ground displacement (A),  and approximately 50 percent 
complete for ground displacement-to-period ratio (A/T).    We shall also 
present detection probability as a function of input trace amplitude. 
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Analysis and evaluation of data are proceeding as rapidly as the data are 
reduced.    We plan to complete this study late in August,  as reported to the 
Project Officer on 21 March. 

5. 4   WEIGHTED SUMMATION AT CPSO 

5.4.1   Theoretical Considerations 

Noise studies by Texas Instruments indicate that noise at CPSO is composed 
predominantly of vertically polarized shear modes.    Any Rayleigh energy 
appearing in the noise spectrum is at least 9 dB below the shear modes. 
The spectrum at 0. 6 Hz indicates that the predominant coherent noise is 
occurring at a wavelength of 6. 5 kilometers and is propagating across the 
array from an azimuth of 110 degrees.    The spectrum at 1. 0 Hz shows that 
the predominant coherent noise wavelengths are 3. 9 kilometers from 110 degree.' 
and 3. 0 kilometers from 333 degrees.    Thus,  based on TI indications,  the 
predominant wavelengths of coherent noise at CPSO in the frequency ran^e 
0. 6-1. 0 Hz are in the range 3. 0-6. 5 kilometers and approach from directions 
of 110 degrees and 333 degrees. 

The apparent velocities of compressional signal waves across the array are 
in the range 8 kilometers per second to ».    At a frequency of 1. 0 Hz this 
would correspond to a wavelength range of 8. 0 kilometers to ",    The fact 
that the apparent wavekng'-hs of signals are greater than the apparent wave- 
lengths of the noise suggests a method of improving signal-to-noise ratio by 
changing the wavelength response of the array.    This can be done by summing 
the elements of the array in such a way as to lower the response of the 
summation in the 0- to 8-kilometer wavelength range while maintaining (or 
lowering by a lesser amount) the response in the 8 kilometer to oo wavelength 
range. 

The response of a summation to a particular wavelength is determined by the 
geometry and weighting of the array of elements included in the summation. 
Different wavelength reponses can be obtained at CPSO by unequal weighting 
of the contributions of the individual elements to the summation.    To preserve 
the omnidirectional response of the array to teleseismic P-wave signals, 
weighting should be done so that all elements having equal weight form a pattern 
that has radial symmetry with respect to the center of the array. 
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Figure 59.    Nine P-wave signals,   recorded at BMSO,   CPSO,   U3SO    or WMSO,   eac;      R 
levels in each of the microseismic noise samples used in the detection capabil    \ 

from magnet'c tape)       f 
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liSO    or WMSO,  each of which was superimposed randomly eight times at each of seven 
he detection capability study.    (X5 enlargement of 16-millimeter film playback 
from magnetic tape) 
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Summing in such a manner is e4Uivalent to unequally weighted summing of 
the summations of different symmetrical configurations of elements within 
the 19-element array.    The relative response of each of these subgroups as 
a function of wavelength can be calculated and used 1.0 determine which sub- 
groups could be combined in a weighted summation to give the best approxi- 
mation to the desired wavelength response. 

The relative response of a geometric pattern of seismometers as a function 
of wave number (reciprocal of wavelength) can be calculated by means of the 
Fourier transform.     The Fourier transform is not restricted to the dimension 
of time (frequency in reciprocal seconds and time in seconds); it can be applied 
to the dimension of distance (wave number in reciprocal kilometers and distance 
in kilometers). 

The general expression of the transform pair is 

q = +00 

f(p)    = 
/ 

F(q) e Ziriqp 
dq (1) 

p   =   +cr> 

F(q) 
/ 

f(p) e 
Ziriqp 

dp (2) 

An array can be expressed as a function of distance (along some particular 
direction) by dropping perpendiculars from each element location to a line 
parallel to the direction of interest.    Note the three following examples. 
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triangular 
array 

These distance functions can be expresseH as wave number functions by 
expressing (1) and (2) in the following manner. 

/ 

f(x)   = I       F(k)e 2lTikx   dk 

k    =     -<» 

X   =   +» 

/ 

■ ,   >     -Zirikx 
F(k)   = I        f(x)e dx 

X =   - oo 

where k is the wave number. 

F(k) may be written (symbolirally) as 

F(k)   =   G(k)e i8(k) 

where G(k) is the amplitude spectrum and 6 (k) is the phase snectrum. 
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Since 

-Ztrikx _ .     .     _   , 
e -   cos Zirkx - i sin ZTTKX 

then F(k) can be rewritten as 

X   =    i  oo 

/   f(x) r. F(k)   =        I f(x)    cos Z-rrkx - i sin Zukx     dx 

x =   -oo 

and 

X  =   +ao x   =   +0° 

[ f 
F(k)   = I       f(x) cos Ztrkxdx - i      j    f(x) sin Ztrkxdx . 

X   =   -oo x   =   -oo 

F(k) has thus been resolved into its real and imaginary parts.    Calling the 
real part of the function P and the imaginary part Q, 

x = +<» 

P   = f f{x) cos Zirkxdx 
f 
I f(x)   CO! 

X   =   -oo 

=     +CÜ 

Q   ■=        / f(x) sin Zirkxdx . 

/ 
X   -    -oo 

In a problem in which f(x) represents amplitudes at discrete values of ;< 
rather than a continuous function,  P and Q may be expressed as finite 
summations in order than f(x) be of consequence only at the discrete values 
of x at which f(x) exists.     To conveniently express x in the argument of the 
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sine and cosine functions,  directions are selected so that the values of x in the 
distance functions fall on a reasonable number of equally spaced points.    This 
allows x to be given by the product of the indexing number and the interval 
between two adjacent points.    The direction of interest in this study satisfies 
this condition.    Therefore, 

M 
P   =   Ax/^   ^(xn) cos (2iTknAx) 

n=l 

M 
Q   =   AxY^   F(xn) sin (ZtrknAx) 

where M     =       number of points 

Ax    =       interval between points. 

Since P is the component of F(k) along the real axis in the complex plane and 
Q is the component along the imaginary axis 

Q^i)   =   tan"1-^. 

1=1, £, . . . 

G (ki)   = ^P-,2   +   Qi^ 
i-1, 2, . . . 

A plot of G(k) therefore gives the relative response of an array of seismometers 
as a function of wave number,  and a plot of 9(k) gives the phase shift of the 
summation output relative to the output of a particular seismometer. 
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5.4.2 Tests of Theoretical Conclusions 

The transformation was programmed for the CDC 160A computer,   and 
several wave number responses were calculated.    Figures 60a,   60b, 
61a,   and 61b are four examples of plots of G(k).    Due to symmetry of the 
distributions,  the output of each summation is in phase (or 180 degrees 
out of phase) with the center of the array.    A summation of the elements 
of the outer hexagon gives the best attenuation of the predominant wave 
numbers of 0. 6-1. 0 Hz noise.    This suggests that a summation of tne  19 
elements in which each of the outer 6 elements is given heavy weight 
relative to each of the inner 13 might produce a summation trace with a 
better signal-to-noise ratio than the simple summation. 

Magnetic tapes recorded at CPSO were played back in such a way that each 
of the elements of the outer hexagon was given twice the weight of each of the 
inner 13,  and later,   10 times the weight of each of the inner 13.    Giving 
the outer elements twice the weight did not significantly change the appearance 
of the summation as compared to the simple summation.    Figure 62 shows 
that giving 10 times the weight to the outer six successfully attenuated I. 0-Hz 
microseisms but failed to provide attenuation of 2. O-Hz microseisms.    This 
summation was played back through a bandpass bilter with cutoff frequencies 
of 2. 0 Hz and 0. 8 Hz at rates of 24 dB/octave.    This filtered,  weighted 
summation appeared promising and was given a 2-week trial at CPSO. 

5.4.3 Results 

The weighted,  filtered summation (STWF)   showed less 1. 0-Hz noise than 
the simple filtered summation (2TF) but more 2. 0-Hz noise when recorded 
at the same magnification.    Figure 63 shows a tele seismic P-wave arrival 
on ETWF and STF.    For this 1. 7-Hz signal there is a greater contrast of 
signal frequency to noise frequency on 2TF than on STWF.    This situation 
was observed often during the 2-week trial period.    Figure 64 whows the 
arrival of a teleseismic P wave in which STWFhas cancelled a   1. 0-Kz noise 
pulse immediately before the arrival.    Had the P wave arrived with less 
energy and a longer period,  the start of the signal would have been lost 
mu^h more easily on ETF than on DTWF. 

Figure 65 shows a 1. 0-Hz teleseismic P-wave arrival recorded better on 
STWF than on 2TF because of the greater frequency difference between the 
signal and the ?. C-Hz background on 2TWF than with the 1. 0-Hz background 
on STF. 
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5.4.4   Conclusions and Becommendations | 

The filtered,  weighted summavion did not prove to be a better all-around ' 
tele seismic flag rrace than the simple filtered summation currently in use. I 
This was primarily due to the fact that most teleseismic P-wave signals 
recorded during the test interval had an apparent period on the filtered | 
seismograms of nearer 0. 5 second than to 1. 0 second.    As a result, ♦ 
there was usually a greater signal-to-noise period contrast on the simple 
summation trace than on the weighted summation trace.     The weighted 
trace waa very useful in elirrunating 1.0-cps n- .se pulses that appeared * 
on tht  simple summation trace to be a signal possibility.    In the opinion 
of the analysts at CPSO,   it was a great help to have both summations 
available  side by side,  and we recommend that STWF be recorded adjacent 
to ZTF in the place of Z9. 

5. 5   EFFECTS OF WIND ON THE SHORT-PERIOD SEISMOGRAPHS 
AT BMSO.   CPSO, AND UBSO 

A comprehensive study of wind-generated seismic noise is divided into 
two sections.    First,   the distribution of the wind at any observatory must 
be determined as a function of wind speed and direction.    Second,   the noise 
generated by the wind at each seismometer must be evaluated as a function 
of wind speed and direction. 

A study of this nature was begun during the latter part of the reporting period; 
however,   because of a lack of data for the second portion ol the study,   no 
conclusive results can be determined.    As requested by the Project Officer, 
we shall continue to gather data until sufficient data are obtained on which to 
base final results. 

The distribution of wind speed and direction has been determined for June  1964 
through March 1965 for all observatories except BMSO.     The data for 
March 1965 from BMSO were not obtained because of a malfunctioning wind- 
spee_ indicator.    A 1-year data sample from each observatory is considered 
adequate to determine the wind distribution.    The distributions were obtained 
by daily measuring wind speed and direction at intervals of 3 hours.    In some 
instances,  the seismograms for several days during a month were not avail- 
able; however,   each observatory averaged about 225 measurements each month. 
A computer program was written to classify the measurements for a given 
month into 1 of 8 direction sectors as a function of wind speed.     The resulting 
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distributions were plotted on polar graph paper,   and the data contoured on 
percentage of occurrence.    Figure 66 is a sample plot of the BMSO data 
for January 1965. 

The responses of the  10 primary short-period seismographs and their 
summations to wind-generated noise are determined by plotting trace 
amplitude measurements as a function of v/ind speed and direction.    All 
direction determinations are referenced to the eight direction sectors and 
wind speed is grouped in increments of 3 mph.     Ten amplitude measurements 
are made for each wind speed increment in each of the eight directions. 
Amplitude measurements are made peak-to-trough in the 1/2 period (T/2) 
range 0. 1  second through 0. 8 second.    Intervals when the wind speed is 
constant for several minutes are used to assure that all seismometers are 
subjected to wind of the same speed.    A plot of trace amplitude versus wind 
speed for each of the eight directions is then plotted for each seismograph. 
This portion of tne study has not been completed because of a lack of data at 
wind speeds exceeding 30-40 mph.     Ten months of data have been examined, 
and several additional months will be required before sufficient data will be 
obtained.    It is not possible to accurately estimate the volume of additional data 
that will have to be examined in order to finish this study; however,   we anticipate 
that at least 4 months of data will be required. 

5. 6   DISTRIBUTION OF EARTHQUAKE MAGNITUDES 

5.6.1    For each of the four observatories,   BMSO,   CPSO,   UBSO,  and WMSO, 
and for the net composed of these four observatories,  the distribution of 
earthquakes recorded and not recorded as a function of magnitude and 
epicentral distance was compiled for the 20-month period,   February 1963 
through September 1964.    A count was made of the number of earthquakes 
located by the USC&GS,   grouped by 2. 5-degree increments of disirtiice and 
0.2 rragnitude unit increments,   over the distance range  16 degrees to 
110 decrees for the individual observatories and 16 degrees to 180 degrees 
for the net. 

5   6. 2    The data for the individual observatories are given in tables 1,   2,   3, 
and 4 of appendix 7.    Each table is presented in three parts,  as follows: 

Part a. Number of earthquakes located by the USC&cGS from which 
the observatory recorded a short-period P-wave signal (magnitudes deter- 
mined from observatory data); 

TR 65-58 -169- 



I 
I 
I 

I 

. J 

Figure 66.    Polar plot of the wind speed distribution for January 1965 
from BMSO.    The contour interval is 1. 0 percent.    The wind was 

calm 32. 7 percent of the month 
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Part b.    Number of earthquakes located by the USC&GS from which 
the observatory recorded a short-period P-wave signal and for which the 
USC&GS computed a magnitude (magnitudes computed by the USC&tGS); 

Part c. Number of earthquakes located by the USC&GS from which 
the observatory did not record a short-period P-wave signal and for which 
the USC&GS computed a magnitude (magnitudes computed by the USC&GS). 

5. 6. 3    Table 5 in appendix  7 lists the corresponding data for the four- 
observatory net,   as follows: 

Part a.    Number of earthquakes located by the USC&tGS from which 
at least one observatory recorded a short-period P-wave signal (magnitudes 
determined from the arithmetic mean of the observatory magnitudes;,   and 
distance from the greatest epicenter-observatory distance at whir.1! a 
short-period P or P'  signal was recorded; 

Part b.    Number of earthquakes located by the USC&GS for which the 
USC&GS computed a magnitude and irom which at least one observatory 
recorded a short-period P or P'signal (magnitudes determined by the 
USC&GS) and distance from the greatest epicenter-observatory distance at 
which a short-period P or P'  signal was recorded; 

Part c.    Number of earthquakes located by the USC&GS for which 
the USC&GS computed a magnitude and from which none of the four observa- 
tories recorded a short-period P or P1  signal (magnitudes determined by the 
USC&GS) and distance from the smallest epicenter-observatory distance. 

5. 6. 4    The same data are presented in the form of contoured distributions 
In figures 67 through 71.    Each figure is given in three parts - a,   b,   and c, 
corresponding to the tables in appendix 7,    Figures 67 through 70 give the 
data for the individual observatories and figure 7J. gives the data for the 
four-observatory net.    In each figure,   each contour represents a constant 
number of earthquakes and adjacent contours differ by a factor of two. 

5. 6. 5   Although trie  plots presented show the contribution of the net of 
stations and the individual stations to the epicentral determinations made by 
the USC&cGS,  they should not be interpreted as a measure of true detection 
capabilities.    If all earthquakes that occur were located by USCJkGS, 
capabilities could be determined.     The plots do give a relative comparison 
of detection capability among the stations based on USC&fGS located epicenters, 
and it is assumed that this relative relationship will not change appreciably in 
regard to true detection capability. 
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Figure 67a.    Number of earthquakes located h'   tat- USC&CS from v». hie:. 
P phase \x3 recorded at BMSC,   x? a function of BMSO magnitude and 
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7. 5 

Figure 67b.    Number of earthquakes located by the USC&GS from which 
P phase was recorded at BMSO and for which the USC&GS computed a 

magnitude,   as a function of USC&GS magnitude and epicentral 
distance,   Feburary 1963 through September 1964 
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Figure 67c.    Number of earthquakes located by the USC&GS from  vhich P phase 
was not recorded at BMSO and for which the USC&GS computed a magnitude, 

as a function of USC&GS magnitude and epicentral distance, 
February 1963 through September 1964 
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"igure 68a.    Number of earthquakes located by the USC&fGS from which 
P phase was recorded at UBSO,   as a function of UBSO magnitude and 

epicentral distance,   February 1963 through September 1964 
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Figure 68b.    Number of earthquakes located by the USC&GS from which 
P phase was recorded at UBSO and for which the USC&GS computed a 

magnitude,   as a function of USC&GS magnitude and epicentral 
distance,   February 4.963 through September 1964 
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Figure 68c.    Number of earthquakes located, by the USC&GS from which P phase 
was not recorded  \t UBSO and for which the USC&GS computed a magnitude, 

as a function of USC&GS magnitude and epicentral distance, 
February 1963 through September 1964 
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Figure 69a.    Number of earthquakes located by the USC&tGS from which P phase 
was recorded at WMSO,   as a function of WMSO magnitude and epicentral 

distance,   February 1963 through September 1964 
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Figure 69b.    Number of earthquakes located by the USC&GS from which P phase 
was recorded at WMSO and for which the USC&GS computed a magnitude,   as a 

function of U3C&GS magnitude and epicentral distance, 
February 1963 through September 1964 
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Figure 69c.    Number of earthquakes located by the USC&GS from which P phase 
was not recorded at WMSO and for w'iich the USC&GS computed a magnitude, 

as a function of USC&GS magnitude and epicentral distance, 
February 1963 through September 1964 
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Figure 70a.    Number of earthquakes located by the USC&GS from which P phase 
was recorded at CPSO,   as a function of CPSO magnitude and epicentral 

distance,   February 1963 through September 1964 
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Figure 70b.    Number of eaithquakes located by the USC&GS from which P phase 
was recorded at CPSO and for which the USC&GS computed a magnitude,   as a 

function of USC&GS magnitude and epicentral distance,   February 1963 
1 September 1964 
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Figure 70c.    Number of earthquakes located by the USC&GS from which P phase 
was not recorded at CPSO and for which the USC&GS computed a magnitude, 

as a function of USC&tGS magnitude and epicentral distance, 
February 1963 through September 1964 
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5. 7 PERCENTAGE OF DETECTION OF RAYLEIGH WAVES 

Data recorded from February 1963 to August 1964 at BMSO,   UBSO,   WMSO, 
CPSO,   and TFfiO were studied to determine the percentage of Raylcigh waves 
that are currently being detected.     The ratio of number of associated Eayleigh 
wave detections to the total number of events located by the USC&GS was 
computed as a function of epicentral distance,   USC&GS magnitude,   and mag- 
nification of the recording instrument.    The studv was made with the control 
data 160-A digital computer. 

Figure 72 shows the percentage of Rayleigh waves detected as a function of 
magnitude for instruments operating at gains of 10K,   20K,   and 30K.   Figure 7 3 
shows the 50-percent detection level as a function of magnitude and epicentral 
distance for gains of 10K,   20K,  and 30K. 

The following conclusions were reached: 

a. There is a continuous change in percentage of detection with 
changing magnitude.     Because there is no discontinuity in the detection- 
percentage curve even at magnitudes less than 4. 0,   we concluded that small- 
magnitude earthquakes generate Rayleigh waves. 

b. The increase in percentage of detection with increasing magnitude 
is closer to linear than to exponential. 

c. Percentage of detectior. is relatively insensitive to changes in 
distance as compared to changes in magnitude.    For example,   a change in 
magnitude of 0. 2 unit almost always results in a change in percentage of 
detection.    A change of 10 degrees in distance,   however,   will not result in 
an appieciable change in percentage of detection. 

A fail report of this study is included in Geotech TR 65-68. 

5. 8   COMPARISON OF T^E DETECTION OF TELESEISMIC P WAVES 
BY THE DEEP-HCwE,   SHALLOW-HOLE,  AND SURFACE-ARRAY 
SEISMOGRAPHS AT UBSO 

In April 1964, we received AFTAC Analysis Assignment SFB-3-64 to deter- 
mine the relative capabilities of the surface-array, deep-hole, and shallow- 
.lole seismographs at UBSO. This has been done and a report of the results 
is being prepared. 
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To evaluate the systems as objectively as possible,  a "Geneva Type" 
evaluation,   similar to thwt reported in section 6. 1.4 of TR 63-54,  was 
conducted using UBSO film seismograms recorded between 16 August 
and 21 September 1764,  the time that the deep-hole seismometer was 
operated at its optimum depth of 2702 meters (8860 feet).    In addition 
to determining the relative capabilities of the three systems,   the study 
was designed to evaluate the following; 

a. Relative accuracy of timing first arrivals and agreement among 
systems in determining direction of first motion; 

b. Comparison of magnitude computed from data recorded by each 
system and magnitudes reported by the USC&GS; 

c. Distribution of amplitudes and periods of all teleseismic signals 
recorded; 

d. Comparisons of the signal-to-noise ratios computed from the 
various systems.    For this study the signal-to-noise ratio was defined 
as the ratio of the maximum amplitude in the first few cycles of the signal 
to the average amplitude of the microseismic noise at the period of the 
signal ±0. 3 second,  during the 10 seconds immediately preceding the arrival 
of the signal. 

e. Comparison of the characteristics of the microseismic noise, 
both during quiet and windy periods,   recorded by each system. 

5, 9   ROUTINE MICROSEISMIC NOISE DATA 

The microseismic noise within the period range of 0.4 to 1.4 seconds at 
BMSO,   UBSO,  and CPSO was sampled and studied on a routine basis. 

Samples of noise were taken every 8 hours.     The time of sampling was 
rotated in such a manner that each hour was sampled 3 or 4 times a 
month.    Data for the maximum pulse in each of three consecutive 5-second 
intervals were recorded at each sample time.    Data consist of the maximum 
amplitude in the specified period range (measured visually to the nearest 
0. 5 mm peak-to-peak at X10 view) and the corresponding period (measured to the 
nearest 0. 2 second).    Data were collected from each of three short-period 
seismographs at each station:    the vertical component of the three-componert 
system (Z),   the summation of the array elements (ST),  and the filtered 
summation (STF). 
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The cumulative probability of occurrence of trace amplitude (in mi1limeters) 
normalized to the standard operating magnification of the seismograph and 
observatory and ground displacement (in millimicrons) were computed for 
earh system. 

Routine noise data for BMSO and UBSC for September 1963 and January 1964 
through February 1965,  and for CPSO for September 1963 and March 1964 
through February 1965 have been sent to the Project Officer.    CPSO data 
for January and February 1964 are being processed and will be sent during 
July 1965.    In the future,   routine noise data will be submitted to the Project 
Officer routinely. 

Curvet- a^e presented for trace amplitude at a normalized gain and for ground 
displacement for each sampled seismograph at each observatory. 

Figures la through 6c in appendix 8 show cumulative probability of occurrence 
curves for 12 months' routine data (March 1964-February 1965,   inclusive) 
and curves for the months having maximum and minimum ground displacement 
on the individual vertical seismograph. 

Values of normalized trace amplitude and ground displacement at the 
50-percent probability level for January 1964 to March 1965 are given in 
figures 74 to 76.    Minimum values occur during sammer or early fall 
months at all observatories.    The high amplitude noise at BMSO in June 1964 
is probably related in some way to the spring runoff.    This noise recurred in 
December 1964,  and January through March 1965.    The maximum trace 
amplitudes and ground displacements due to microseismic noise occurred in 
February or March at all three observatories.    The minimum noise occurred 
in May 1964 at UBSO.  in June 1964 at CPSO,  and in August 1964 at BMSO. 
The amplitude of micrcseismic noise indicates a seasonal correlation.     The 
high noise values of October through December 1964 at CPSO occurred when 
hurricanes and storms passea onto or near the eastern and southeastern coasts 
of the United States.     The maximum at BMSO in February 1965 probably can 
be correlated with the severe storms ana floods that occurred in Oregon at 
that time. 

The distiibution of trace amplitude normalized to standard magnification with 
respect to period within the period range 0.4 to 1.4 seconds was determined 
for each seismograph at each observatory and data plotted as probability of 
occurrence at or less than a given amplitude and at a given period (figures 7a 
through 9c, appendix 8).    The data are presented in this form because,   in our 
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opinion,  the detectability of a signal in seismic noise is a function of both the 
amplitude and period of the signal and noise.    This form of presentation pre- 
serves the noise period data lost when the data are presented as cumulative 
probability-of-occurrence curves over the entire period band of interest. 
We hope that noise data presented in this form coupleJ with data from the 
detection capability study will increase understanding of the way in which 
noise ampl4,:ude and period affect the detection of seismic signals. 

Discrepancies were found in the reported magnifications for "he filtered 
summation seismographs at UBSO and CPSO.    Data prior to 7 August 1964 
for the CPSO filtered summation were adjusted and corrected curves were 
submitted.    Only adju-ced data were included in material for this report. 
Data for the filtered summation seismograph at UBSO from 21 August 1964 
through 19 February 1965 were erroneous.    Corrections o»" previous data 
were issued,  and only corrected data were used in the preparation of this 
report.    The UBSO data in figure 76 appear anomalous.    This indicates 
that there still may be a residual error in the corrected filtered summation 
seismograph magnifications used for UBSO during this period of time.   Tht 
difficulties with these two seismographs are discussed in section 3. 4. 2. 

REPORTS AND DOCUMENTS PUBLISHED DURING 
PROJECT VT/1124  

Several reports and documents were prepared under Project VT/1124 and 
submitted to AFTAC.    A list of these reports with a brief description of 
each follows. 

a. A letter report on the proposed AFTAC Standardization of 
Calibration Procedures was sent to AFTAC in August 1963.     The report 
contained comments on and changes recommended to the proposed procedures. 

b. Master information block diagrams for each observatory (figures 77, 
78,  and 79) were submitted to AFTAC late in September 1963 at the request of 
Mr.   Ben Melton.     The diagrams showed the array configuration and instrumen- 
tation at each observatory.    Additions to the instrumentation which were to be 
made under the contract were also shown. 
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c. A cost estimate for the modification of the design of the  Time 
Encoder,   Geotech Model 15925,  which was installed at each observatory, 
was submitted to the Project Officer on 30 October at his request.    This 
was an estimate of the cost of including outputs of date-time management 
information to allow recording of this information on Develocorders and on 
magnetic-tape recorders. 

d. Geotech's Technical Report No.   63-124, Advantages of Seismic 
Data Filters.   Geotfch Models 11760 and 12QZ5,   in Preliminary Seismic 
Analysis,  was published under Project VT/Oib on 30 December 1963. 
This report included an evaluation of the filter as used at BMSO,  CPSO, 
and UBSO.    Data are presented which demonstrate that the filter effectively 
attenuated low-frequency background noise.    Attenuation of the low-frequency 
background noise allows the filtered seismographs to be operated effectively 
at magnifications 2 to 3 times those at which comparable xmfiltered seismo- 
graphs can be operated.    The filtered seismograph assisls in the detection 
of low-level teleseismic signals that would prcbably not be detected on 
unfiitered seismograms.    Figures 80,  81,  and 82 illustrate the value of 
the filtered seismograph at BMSO,  CPSO,  and UBSO,   respectively. 

e. Semiannual Report TJo.   1, Project VT/1I24,   1 July through 
31 December 1963.   Geotech Technical Report No.   64-3 was published 
on 15 January 1964.    The operation of BMSO,  CPSO,  and UBSO,  modifica- 
tions to the observatory equipment,  and plans for special investigations are 
discussed in this report. 

f. A letter report.   Deviations in Frequency Response Characteristics 
of Array Seismographs in Seismological Observatories,  was published jointly 
under Projects VT/036 and VT/1124 in April 1965.    Discussed in this report 
are: 

(1) Inequalities in recording characteristics of array seismographs 
at the VT/1124 and VT/036 observatories; 

(2) Past efforts to reduce and minimize these inequalities; 

(3) Recommended methods of reducing these inequalities to be 
tested in the future. 

g. Geotech Project Rec  rnmendation P-258,  Shallow Buried Array 
at UBSO,  was submitted on 4 June 1964.    A recommendation to install an 
array of buried short-period vertical seismographs and a general outline of 
plans for accomplishing this task at UBSO were included in this document. 
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h.    Operation of Three Observatories - Semiannual Report No.   2, 
Project VT/1124,   1 January through 30 June 1964.    Geotech Technical 
Report. No.   64-87 was published on 19 August 19c' .    Discussed in this 
report are the operation of BMSO,  CPSO,  and UBSO,  modifications cr 
additions to the observatory equipment,  and progress of special investiga- 
tions. 

i.    A letter report,  Cornparison of the Operating Characteristics, 
Availability,  and Shop Level Cost of Hall-Sears.   Molel HS 10-1 -  Texas 
Instruments, Model RA3 and Geotech Model 18300-Geotech,  Model 1Z613-1 
Seismograph Systems,  w? o published on 4 September 1964.     This report 
contains a comparison of the Hall-Sears HS 10-1-TI RA3 and Geotech 18300- 
12613-1 seismograph systems, recommendations for UBSO buried array 
instrumentation,  and a sumnaary of the major factors on which the recom- 
mendations were based. 

j.    A letter report.  Recommended Configuration for a Buried Array 
at UBSO,   was published on 11 September ].C,'A.    Presented in this report 
are our recommendat1 ons for several configurations of the UBSO buried array, 
brief discussions of each configuration,  and data on which the recommenda- 
tions were based. 

k.    Logging Program Report from UBSO with copies of well logs,  a 
letter report dated 24 November,   contains a description of the logging of 
selected holes drilled for the installation of the UBSO buried array. 

1.    A letter report.  Preliminary Data from the Detection Capability 
Study being Conducted Jointly under Projects VT/1124 and VT/4054.  was 
published on 30 January 1965.    Presented in this report are preliminary 
data showing detection probability for system 3 (SPZ,   Z,  and ZF) as a 
function of average ground displacement and average ground-displacement- 
to-period ratio for some of the noise types selected for the study. 

m.    Several letter reports    ontaining an evaluation,   comments,  and 
recommended refinements for the ABP were submitted to AFTAC or SDL. 
These letters were based on observations made during reviews of test or 
production runs of the ABP, 

n.     The following  computer programs,  written in FORTRAN language 
by Project VT/1124 personnel    were submitted to AFTAC.    A brief description 
of each program accompanied the program listing. 
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I o.    Geotech Technical Report No.   65-28,  Installation of a 10 Element 

Shallow-Burled Array at the Uinta Basin Seidmological Observatory, i 
Vernal,  Utah,  was published on 5 May 1965.    This report describes the ■ 
installation of the array of buried seismographs at UBSO,  and summarizes 
the major considerations in such an undertaking. I 

(1) PROGRAM S03UL - for calculating ground displacement and 
magnitude for the five-station earthquake bulletins for incorporation into the 
ABP; 

(2) PROGRAM ANALYSIS - for preliminary processing of 
detection capability study data; 

(3) PROGRAM RESIDUAL - for compilation of preliminary 
P-phase travel-time residual data for the VELA-UNIFORM observatories; 

(4) PROGRAM MISERABLE - for compilation and tabulation 
of component failure card data. 

USE OF OBSERVATORY FACILITIES AND DATA 
BY OTHER GROUPS AND ORGANIZATIONS 

7. 1   BMSO 

7. 1. 1   Preparations for the Operation of a Spectrum Analyzer 

7. 1. 2   Other Assistance Provided 
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In October 1963,  a request was received to operate a classified Bell H 
Telephone Laboratories (BTL) spectrum analyzer at BMSO.    The necessary * 
security measures were taken and BMSO was ready to receive the equipment 
in December 1963.     The installation was postponed until March 1964 and then S 
postponed indefinitely.    At the end of the reporting period the spectrum 
analyzer had not been received for installation. 

I 
The Stanford Research Institute (SRI) has been notified by telephone of any 9 
earthquakes detected that occurred in the continental United States whose 
magnitude was four or greater.    Also,   since August 1964,   copies of the _ 
daily letters to USC&GS have been mailed to SRI each week. B 

I 



7. 2   CPSO 

7. 2. 1   Operation of a Multiple Array Processor 

Texas Instruments Inc.   (TI) operated a Multiple Array Processo- iMAP) at 
CPSO from 1 July 1963 to 18 October 1963.    TI was piovided *vith office 
space in the utility building,  operating space in the conference room,  and 
with air conditioning.    Also additional time was expended by the CPSO staff 
keeping the vertical array seismographs to the close frequency response 
similarity demanded by the MAP. 

Throughout the operation relations with TI were good and no problems existed 
between the two groups. 

7. 2. 2   Other Assistance Provided 

7. 2. 2. 1   Assistance to Other VELA UNIFORM Participants 

7. 2. 2, 1. 1   USC&GS.   USC&GS frequently requested information on earthquakes 
by telephone before the routine message was sent.    CPSO personnel routinely 
interpreted large events recorded on the Helicorder upon arrival at the 
observatory. 

7. 2. 2, 1. 2   Mandrel Industries,   Houston.    AFTAC authorized the installation 
of a shallow buried array consisting of seven seismographs.    Mr.  Wu of 
Mandrel Industries located the array in the area recommended by the CPSO 
staff on 27 April 1965. 

7. 2. 2. 1. 3   United States Geological Survey.    Mr.   Benton Tibbetts of the 
United States Geological Survey used CPSO as a base while working in the 
area from 10 February 1965 to 20 February 1965.    Mr.   Tibbetts was told 
that CPSO could provide office space in th^ future if the USGS desired. 

7.2.2. 1.4   Research Triangle Institute.    Dr,   John W.   Minior visited CPSO 
and arrangements were made to provide him with CPSO data for use in his 
research studies. 

7. 2. 2. 2   Assistance to Colleges and Universities 

7. 2. 2. 2. 1 Stanford Research Institute. The Stanford Research Institute (SRI) 
has been notified by telephone of any earthquakes detected that occurred in the 
continental United States,  whose magnitude was four or greater. 
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7. 2, 2. 2, 2   Georgia Institute of Technology.    Georgia Tech staff frequently 
requested information on close events.    An arrangement was made with 
Mr.  John Husted where,  in return for coordinates and origin times of 
quarry blasts,  CPSO would supply phase arrival times.    Before the end 
of the repoi dng period,  information on one quarry blast had been received. 

7. 2. 2. 2. 3   Xavier University.    CPSO supplied Father Bradley of Xavier 
University with the arrival times of phases from quarry blasts.    Data 
supplied by CPSO influenced Father Bradley's decision to install a linear 
array in Kentucky. 

7. 2. 2. 2. 4   Tennessee Division of Water Resources.    Mr.   John M.  Wilson 
of the Tennessee Division of water Resources used CPSO data to correlate 
the relationship between changes in the Tennessee water table and the 
occurrence of large earthquakes.    He gave a paper on the results at a 
meeting of the Academy of Science, 

7.2.2.2.5   Other Universities.    The Universities of Mississippi,   St,   Louis, 
and Kansas were provided with CPSO data at various times throughout the 
contract. 

7. 3   UBSO 

7. 3. I   Installation and Operation of Prototype Deep- and Shallow-Hole 
Seismometers  

A deep hole (2745 meters,   9000 feet) already pres  nt and a newly drilled shallow 
hole (152. 5 meters,   ^OO feet) at UBSO have been used for various tests in this 
reporting period.    The deep hole (DH) is about 100 meters southeast of Zl,  and 
the shallow hole (SH) is about midway between Zl and DH.    Seismographs 
installed in these holer were used in a series of tests to determine the character 
of seismic noise at these depths and to assess the stability of these instruments 
rver long operating periods providing information for further seismometer 
developments. 

The block diagram of the deep- and shallow-hole operations ^re shown in 
figure 83,    Project VT/1139 was responsible for the operation of these 
seismograph systems; but UBSO staff and an AFTAC representative were 
made fully conversant with the installation and operation of the systems,    UBSO 
provided recording and calibration facilities,    UBSO assumed responsibility 
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for the routine testing and operation of the equipment on 31 May 1964. 
Except for minor repairs and modifications these seismographs were in 
continuous operation from 31 May 1964 through 30 April 1965, 

The various relocations of the seismometers are shown in table 24. 

7. 3. 2   Operation of Texas Instruments Digital Field System 

Texas Instruments Inc.  (TI) operated a digital field system at UBSO from 
16 August 1964 through 15 October 1964.    UBSO provided data outputs from 
the array seismometers,  array summations,  the shallow- and deep-hole 
seismometers,  the anemometer,  and station time.    UBSO also provided the 
cabling and the necessary recording and calibrating facilities.    Minor 
modifications had to be made to the standard instrumentation to accommodate 
the digital field system.    The levels of signal from the shallow and deep-hole 
seismographs were too low for the digital system; therefore,  the four Line 
Termination Modules,  Model 5792B,  controlling DH-1,  DH-1L,  SH-1,  and 
SH-1L were modified to the Model 5792 configuration.    This resulted in a 
loss of gain in the normal operation,  but the loss was not sufficient to affect 
the over-all system capability. 

UBSO also provided TI with original film seismograms,   copies of logs and 
copies of the messages to USC&GS in support of their operation. 
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The TI program also required various adjustments in the vertical position 
of SH and DH seismographs.    Equipment including a winch truck and cable, 
and additional seismometer, a PTA,  and top-hole equipment for a dual- 
seismometer operation was supplied by Project VT/5051.    The shallow-hole 
seismometer was maintained at (57 meters,   188 feet) throughout the operation 
while the deep-hole seismometers were moved as shown in table 24. I 

Texas Instruments returned to UBSO with their digital field system on 
24 March 1965.    Between 26 March and 31 March they recorded buried I 
array data. * 

7. 3. 3   Other Assistance Provided I 
Since January 1964,  phase arrivals for small local and near regional events 
have been seat to the Universities of Utah and of Colorado.    Beginning in fl 
August of 1964.  the University of Wyoming was included in the program. * 

I 
I 
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Table 24.    Summary of shallow-hole and deep-hole seismometer moves 
at UBSO 

Hole Deep ho le No. 1 
Inst designator DH1 DH2 
Poaition From To From To 

Date 

Apr 20 
Apr 22 0 8900 
Apr 29 8900 7506 

May 5 7506 6009 
May 10 6009 4510 
May 11 
May 15 4510 2985 
May 19 2985 1485 
May 21 
May 25 
May 28 1485 8880 

June 4 8880 7501 
June 6 
June 10 7501 6005 
June 22 
June 29 

July 7 
July 12 6005 3013 
July 21 3013 8860 

Aug 16 0 6905 

Sep 10 6905 903 
Sep 15 903 2893 
Sep 18 2893 4913 
Sep 21 8860 6893 
Sep 23 4913 903 
Sep 28 903 2897 
Sep 30 28^7 4914 

Oct 3 6893 4899 49 n 2897 
Oct 5 2897 907 
Oct 7 4899 2915 
Oct 11 2915 8860 907 6894 
Oct 14 6894 0 
Oct 15 8860 6962 

Nov 3 6962 6998 

Dec 13 6998 0 
Dec 21 0 6998 

Shalicw hole No.  1 
Sfi i 

From To 

31 

Remarks 

Original setup 
Original setup 
Normal move and setup 

Normal move and setup 
Normal move and setup 

31 219 Normal move and setup 
219 310 Normal move and setup 

Normal move and setup 
310 406 Normal move and setup 
406 434 Normal move and setup 

Normal move and setup 

Normal move and setup 
434 31 Normal move and setup 
31 62 Normal move and setup 
62 124 Normal move and setup 
124 155 Normal move and setup 

135 188 Normal move and setup 
Normal move and setup 
Normal move and setup 

Original setup 

Reset shunts and test 
Normal move and setup 
Normal move and setup 
Normal move and setup 
Replace mass-lock motor 
Normal move and setup 
Normal move and setup 

Normal move and setup 
Normal move and setup 
Normal move and setup 
Replace hole-lock motor, DH1 
Operation complete 
Normal move and setup 

Repair loose ground wire 

188 0        Modify wt.  lift cal,  seis head 
0        188 Normal move and setup 
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The data provided to the universities included event analysis for small local 
and near regional events not normally reported to the USC&GS in the routine 
daily telegraph message,  but ordinarily included in the letter report.    These 
universities have also been placed on the five-station earthquake bulletin 
mailing list. 

In addition to the benefits of association with the academic staffs of the 
institutions, UBSO is the recipient of the Utah and Colorado earthquake 
bulletins and reports of progress in seismological research. 

7. 4   TRANSMITTAL OF BULLETIN DATA TO SEISMIC DATA LABORATORY 

All data published in the five-station earthquake bulletins are stored on IBM 
cards.    As the bulletins were prepared and published,  the data stored on cards 
were transcribed onto digital magncdc tapes for transmission to Seismic 
Data Laboratory.    Data published for the months of February 1963 through 
November 1964 wer*1 sent to SDL.     The December 1964 data are being 
finalized and will be sent as soon as the bulletin is published. 

In addition,  beginning with data for July 1964,   "raw" analysis data are 
transmitted to SDL on digital magnetic tape for processing by the ABP. 
Raw analysis data covering 8 months (July 1964 through 1965) were sent to 
SDL during the reporting period. 

8.    MAINTENANCE OF AND IMPROVEMENTS 
IN OBSERVATORY FACILITIES 

8. 1   BMSO 

The winter of 1963-64 proved to be a severe hindrance to the staff of BMSO. 
The access road was snowplowed and graded by the Baker County Highway 
Department many times during this period. 

On 18 June  1964,  the surface of the parking lot was improved by spreading 
20 cubic yards of gravel over the lot. 

The Develocorder drain sump became badly clogged during the first few 
months of 1964.    On 20 July 1964 it was dug out and enlarged. 

Between 14 and 28 July 1964,  the fencing around the vaults was checked and 
replaced where necessary. 
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8. 2   CPSO 

The main access road to CPSO was improved in September 1964 by spreading 
97,900 newtons (110 tons) of gravel on the road and digging out the drainage 
ditches.     The back access road to the Rocky River Road was improved on 
20 September 1963 to make it a passable thoroughfare even in wet v eather. 

Gravel,   9790 newtons (11 tons),  was spread on the parking lot in September 1964. 
The drainage ditches were also improved to prevent a washout of the lot in 
heavy rain. 

Eight vaults had originally been installed at such a depth that water continually 
drained into them.    The drainage ditches to these vaults were improved in 
August 1964  and the problem was alleviated. 

An Everpure water filter and chlorinator system was installed on 5 May 1964; 
this eliminated problems with clogged Develocorder pumps.     This filter 
system required no maintenance except regularly supplying it with chlorine. 

Difficulties with the drainage from the kitchen sink and from both lavatories 
showed that the dry wells and feed lines had not been properly constructed. 
The wells and feed lines were reconstructed on 26 February 1964 and the 
problems were solved. 

Bleach solution used in the cleaning of Develocorder feed lines caused 
corrosion of the photographic room sink wash pipe on two occasions and of 
the kitchen sink wash pipe on one occasion.    We recommend that the wash 
pipe plumbing at these points be replaced with corrosion resistant plastic 
piping. 

8. 3   UBSO 

There was little problem with the access road before the fall of 1964.     The 
drainage ditches were cleared of vegetation in April 1964.     There were 
some abnormally heavy snow falls in the winter of 1964-65 which required 
that the roads be snowplowed. 

Drain clogging problems occurred during the spring and summer of 1964, 
and we found that the copper drain pipe from the Develocorders was almost 
entirely corroded.     The drains from the dark room,  machine room,   and lava- 
tory were also not working due to break in the pipe outside the CRB. 
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The Develocorder drains were reconstructed using three  1/2-inch plastic 
hoses routed from the Develocorders through the remains of the corroded 
copper pipe to the outside of the CRB.     The three hoses were then inserted 
in one 1/2-inch plastic pipe,  which was in turn,  placed in a 10-foot length 
of perforated orange pipe.    A larger capacity dry well was constructed to 
replace the original well.    The drain facilities for the dark room sink, 
lavatory,  and machine room were similari.'.y reconstructed.    No 1/2-inch 
plastic hose was required because the copper pipe was still in useable 
condition.    No further clogging has been experienced since construction of 
the new drains. 

I 
! 

! 

Since the beginning of the contract on 1 July 1963,  the lavatory at UPSO 
had been an Incinomode.    In time,  the use of this device had become dis- 
agreeable and its maintenance was expensive.    A review of the comparative 
costs of maintaining the Incinomode and a standard water closet and urinal 
showed that the Incinomode was the more expensive.    Therefore,   it was 
decided to remove the Incinomode.  relocate the lavatory,  install a urinal, 
water closet,   septic tank,  drainage sump,  and a 1500-gallon water supply 
and pump.    Construction of this new facility was completed in February 1965. 

J 

I 
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STATB-iENT OF WORK Tu BE DONE 
AFTAC PROJECT AUTHORIZATION VELA T/112U 

1.  Tasks, 

a. Operation» 

(1) Continue operation cf the Blue Mountains, Uinta Basin, and 
Cumbarland Plateau Seismological Observatories, 

(2) Maintain, repairj protect, and preserve the facilities of the 
three seismological observatories in good physical condition in accordance with 
the sound industrial practice. Alterations to the original design of the 
facilities shall not be considered within the scope of work, 

(3) Evaluate the resulting seismic data to determine optimum operating 
characteristics and make changes in the operating parameters as may be required 
to provide the most effective observatories possible. Addition and modification 
of instrumentation are within the scope of work. However, such instrument 
modifications and additions, data evaluations, and parameter changes shall be 
subject to the technical approval of tLe AFTAC project officer, 

{h)    Transmit daily seismic rencrts to the US Coast and Geodetic 
survey, Washington 25, D. C, using the established report fonnat and detailed 
instructions, 

(5) Publish a monthly summary of seismological events during this 
period with distribution and format as approved by the AFTAC project officer. 

(6) Provide observatory facilities, accompanying technical assistance 
by observatory personnel, and seismological data to requesting organizations and 
individuals after approval by the AFTAC project oi'ficer. 

b. Special Investigations. Conduct research investigations as approved or 
requested by the  AFTAC project officer to obtain fundamental information which will 
l«ad to improvements in the capabilities of the observatories. For example, thes« 
investigations may be of the following nature» 

(1) Crustal structure stndy for each observatory. 

(2) Special array studies. 

(3) Study of methods to obtain maximum utility of observatory data 
for detection of seismic signals, 

(li) Study of variations in seismic noise at each observatory. 



c,  ?p9cial reports of major events shall be forwarded by telephone, telegraph, 
or separate- letter as they occur and shall be included in the following monthly 
reports, Soecific items shall include (but shall not be restricted to) program 
delays, program breakthroughs, and changes in funding requirements. 

I 
I 
I 2,  Reports. 

a,  Monthly letter-type progress reports in 1? copies, summarizing work M 

through the 25th of the month, shall be dispatched to AFTAC by the end of the I 
month. Specific topics shall include technicc' :tatus, major accomplishments, 
problems encountered, future plans and any action required by AF1AC, Illustrations 
and photographs shall be included as applicable. In addition, the monthly report 
submitted for the reporting period occurring 6 months prior to the scheduled contract 
termination date shall contain specific statements concerning requirements and 
justifications for extension, modification or expiration of work and changes in 
cost estimates which are anticipated by the Contractor, The heading of each 
report shall contain the following information: 

I 
I 

AFTAC Project No, I 
Project Title ■ 
ARPA Order No. 1GL-60 
ARPA Project Cede No. 8100 
Name of Contractor 
Date of Contract 
Amount of Contract 
Contract Number 
Contract Expiration Date 
Project Scientist or Engineer1s Name and Phone Number. 

b.  A list of suggested milestones shall be dispatched to AFTAC in 12 copies 
within ? days following receipt of the letter contract, (Kilestone.-s are defined 
as points of accomplishments which represent significant progress when completed.) 
For a given milestone, the list should include the completion date and a brief 
description, when necessary, to define specifically the accomplishment to be 
attained. Upon approval of milestone information, copies of SD Form 350 shall be . 
made available for use in reporting progress against the milestone schedule. The I 
SD Form 350 shall be attached to the monthlj report. ■ 

I 
I 
I 
I 

I 
d.     An initial technical summary report in kO copies, covering work performed 

through the last day of the 5th month following the month in which the letter 
contract was received,  shall be submitted to AFTAC within 15 days after tne close 1 
of the reporting period,    A semiannual technical su-mary report in 4O copies, covering * 
work performed through each 6-month period following the close of the initial report- 
ing period,   shall be submitted to AFTAC within 15 days after thß close of the report- 
ing period.    These reports shall present a concise and factual discussion of the 
technical findings and accomplishments of the reporting period.    The heading of 
the report shall contain the heading information indicated in paragraph 2a, above. 

I 
I 
I 
I 



e, A final technical report in 50 copies shall be submitted within 60 days 
following completion of each phase of the work statement. The heading of the 
reports shall contain the information indicated in paragraph 2a, above, 

f. Special reports, as requested by the AFTAC Project Offi'cer shall be 
required upon completion of various portions of the work. 

3,  Technical Documents. The Contractor shall be required to furnish the following 
technical documenta: 

a.  All seismograms and operating logs, tc include pertinent inforaiation 
concerning time, date, type of instruments, magnifications, etc., as requested bv 
the AFTAC Project Officer. 

bo  Technical manuals on the installation and operation of all technical 
equipment installed during the current operational period, 

c. Two sets of reproducible engineering drawings and specificotions for any 
changes or modifications in standard operational equipment and instruments and for 
any new equipment designed, together with one set of prints of these same drawings. 

U,  Miscellany, All technical reports and doc^ents shall be forwarded to: 

Hq USAF (AFTAC/lD-l) 
Washington 25, D, C, 



I 
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APPENDIX 2 to TECHNICAL REPORT NO.   65-58 

SAMPLE FORMS USED AT THE VT/1124 OBSERVATORIES 
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Observatory: 

Date: 

SPECIAL CALIBRATION 

SEISMOGRAPH FREQUENCY RESPONSE 

Seis  Location: 

Seis Type: 

Run No: 

Cal Start: 

Magnification at calibrate 
frequency corrected to operate 
level: K at cps 

Seis Serial No; 

G (newton/amp): 

i (ma) (p-p): 

PTA attenuator 
corrected to: db 

CR* 
Frequency Amplitude (mm) 

(X 10)      (P-P) 
Magnification           ] 

f S Relative** Normalized 1 

♦Correction Ratio 
*♦ (CR) f^A 
Form 405 

Operator: 

Sts'.ion Engineer: 

Figure 1.    Revised special calibration log 
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DAILY OPERATING LOG 

Observatory; 
Date:     
Run No: 

Recorder No.  Dev/TR: 
Page: of 

I           Date - Time           | 
System 

No. 
Remarks 

Day 
Cond ition 

Begins Ends 

1                1 
Weather Conditions 
Winu speed (mph):    Max Min                        Wind direction 
Tempe 
Re mar 

rature {' 
ks: 

F):   Ma X Min 

Form 408 

Figure 4.    Revised daily operating log 
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CODING AND TABULATION OF COMPONENT FAILURE DATA 

1. Observatory or LRSM Team Code (columns 1-3) 
1. 1   Observatory Codes 

a. BM0 
b. CPO 
c. TFC> 
d. UBO 
e. WMO 

2. Date 
Date of failure in years and day of the year (columns 4-8) - e.g., 

31 March 1964 - 64091 

3. General Equipment Code 1-4 alphabetic characters (columns 9-12) 
See section 2 of this appendix for Alphabetical List of General Equip- 

ment Codes. 
3. 1   General Function Code (column 9) 

a. S - Sensor 
b. B - Protector 
c. A - Amplifier 
d. D - Data transmission and control 
e. C - Calibration equipment 
f. R - Recorders 
g. T - Timing equipment 
h. P - Power equipment 
i.     W     - Meteorological equipment 
j.      O      - Communication equipment 
k.     M     - Test equipment 
1.      V      - Analysis equipment 

m.      G      - Miscellaneous equipment 
n.      F      - Filter 

3.2   Specific Function Code (columns 10-12,  left justified) 
3. 2. 1   Seismometer Codes 

a. SP    -    Short-period 
b. IB     -    Intermediate-band 
c. BB   -    Broad-band 
d. LP   -    Long-period 
e. EX   -    Experimental 

TR 65-58,  app 3 -1- 



ES 

I 
3.2.2 

3.2.3 

3.2.4 

3.2.5 

3.2.6 

3.2.7 

Protector Codes 
a    IA       -    Isolation amplifier 
b. VP      -    Vault protector 
c. SA       -    Summation amplifier 
d. STP    -    Station protector 
Amplifier Codes 
a. PTA   -    Phototube amplifier 
b. HE      -    Helicorder amplifier 
Data Transmission and Control Codes 
a.  CA - Cable 
b.  DLT - Data line terminal 
c.   LTM - Line termination module 
d.  SI - Signal isolator 
e.  DCM - Data control module 
f.  DSU - Develocorder switching unit 
g-   TSU - Tape switching unit 
Calibratior i Equipment Control 
a.  CC - Calibration control 
b.  CSU - Calibration switching unit 
c.   FG - Function generator 
d.  C - Calibrator 
Recorde rs 
a.  DEV - Develocorder 
b.   TR - Tape recorder 
c.  HE - Helicorder 
d.  SC - Strip chart recorder 
e.  DR - Drum recorder 
Timing Equipment Code 
a.   TS - Timing system 
b.  PR - Programmer 
c.   TCU - Time control unit 
d.  RSC - Radio time signal converter 
e.  RC - Radio control 
f.  RR - Radio receiver 
g.  CL - Clock 
h.   TE - Time encoder 
i.  PA - Power amplifier 
i.   TMU - Time mark unit 

. 

I 
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3. 2. 8    Power Equipment Codes 
a. 
b. 
c. 
d. 
e. 
f. 
g- 
h. 
i. 

PCU 
BSW 
IV 
SXF 
VR 
BC 
BAT 
RPC 
PS 

Power control unit 
Battery switch 
Inverter 
Sola transformer 
Voltage regulator 
Battery charger 
Battery 
Renaoto power control 
Power supply 

3. 2. 9    Meteorological Equipment Codes 

3.2. 10 

3.2. 11 

a. MK 
b. MKC 
c. MCP 
d. MOC 
e. DSC 
f. MPD 
g. MFA 
h. AWI 
i. AWV 
j. A WD 
k.   T 
1. ACM 

m. ACA 
n.   B 

Microbarograph can 
Microbarograph can calibrator 
Microbarograph capsule 
Microbarograph oscillator 
Discriminator 
Microbarograph power distributor 
Microbarograph filter amplifier 
Aneiuometer wind indicator 
Anemometer wind velocity transmitter 
Anemometer wind direction transmitter 
Thermometer 
Acoustic microphone 
Acoustic amplifier 
Barometer 

Communication Equipment Codes 
a. TRC   -    Transceiver 
b. TPH   -    Telephone 
Test Equipment 
a. 
b. 
c. 
d. 
e. 
f. 
g- 
h. 

OS 
FC 
VOM 
VTM 
VAM 
CM 
MEG 
BR 

Oscilloscope 
Frequency counter 
Volt ohm meter 
Vacuum tube volt meter 
Voltammeter 
Gauss meter 
Megger 
Bridge 

3. 2. 12   Analysis Equipment Codes 
a. FV      -    Film viewer 
b. PV      -    Pentastrip viewer 
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3. 2. 13   Miscellaneous Equipment Codes 
a. MPD -    Mass position display 
b. MPR  -    Ivlicrofilm printer reader 
c. CM     -    Copying machine 

3.2. 14   Filter Codes 
a. SDF   -    Seismic data filter 
b. SF      -    Summation filter 

4. Instrument Model Numbers - Model number of the general equipment 
malfunctioning.    1-8 numeric characters - right justified (columns 13-20) 

5. Instrument Serial Number - Last three digits of the manufacturer's serial 
number {columns 22-24) 

6. Subassembly Code - 1-4 alphabetic characters left justified (columns 25-28) 
See section 3 of this appendix for Alphabetic List of Subassembly Codes 

and section 4 for List of Acceptable Subassemblies. 
Printed circuit board 
Digital display unit 
BCD display unit 
Heat sink power pack 
Meter assembly 
Power supply 
Transport 
Amplifier 
Chassis 
Inverter 
Oscilloscope 
Head switching panel assembly 
Power amplifier 
Primary frequency standard 
Oscillator 
Channel selector 
Discriminator 
Frequency divider 
Ftoroboscope 
Control module 
Date timer 
Pump assembly 
Monitor 
Remote centering unit 
Numeric register 

a. PCB - 

b. DDU - 

C ■ BCDU - 

d. HSPP - 

e. MASY - 

f. PS - 

g- TSP - 

h. AMP - 

i. CHS - 

j- INVT - 

k. OSCP - 

1. HSPA - 

m. PAMP - 

n. PFS - 

o. OSC - 

P- CSL - 

q- DISC - 

r. FDV - 

s. SSCP - 

t. CMOD - 

u. DT - 

v. PASY - 

w.. MONT - 
X. RCU - 

y- NKRG - 
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7. Subassembly Model Number - Model number of subassembly 1-8 
numeric characters,  right justified (columns 29-36) 

8. Subassembly Serial Number or Printed Circuit Board 
position number (columns 37-41) 

8. 1   Field Codes (column 37) 
a. No punch - subassembly serial number 
b. P-printed circuit board position number 

8. 2   Serial Number or Position Number (columns 38-41) 
a. Serial number - last 4 digits of manufacturers serial number, 

right justified 
b. Position number - four alphanumeric characters,   right justified 

9. Component Symbol or Description (columns 42-53) 
9. 1   Type of Component (column 42) 

a. No punch - electrical or electronic component 
b. M - mechanical component 

9. 2   Component Symbol or Description - 1-12 alphanumeric characters, 
left justified (columns 43™53) 

a. Electrical or electronic component - use symbols designated in 
section 5 of this appendix; otherwise use an abbreviated descrip- 
tion of component 

b. Mechanical components - use abbreviated description for component 

10. Component Part Number - Manufacturers Part Number 
1-10 alphanumeric characters right justified (columns 54-63) 

Use part number in appropriate O&M manual. 

11. Component Manufacturer Code - Federal Code for Manufacturer of 
Component 

5 numeric characters (columns 64-68) 
Use codes designated in "Federal Supply Code for Manufacturers" 

Cataloging Handbook H4-1.    See section 6 of this appendix for an alpha- 
betic list of the codes for the more common manufacturers. 

12. Hours to Repair - Time necessary to correct malfunction in hours and 
tenths of hours (columns 69-71,  right justified). 

13. Format - Designates type of card (column 72) 
a.    D   -   Component failure card 
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14. Open Column - Column not presently used (column 73) 

15. Time Inoperative - Time equipment was inoperative in hours and tei .hs 
of hours (column 74-78,   right justified) 
See section 2. 3. 7 of this appendix for a correct definition of time 
inoperative. 

16. Failure Type - Type of failure (column 79.v 

16. 1   C - Catastrophic 
16. 2   P - Preventive Action 

17. Failure Cause - Cause of failure (column 80) 
17. 1   No punch - unknown 
17.2 1 - Normal life 
17.3 2 - Operator error 
17.4 3 - Environmental 
17. 5   4 - Defective material 

2.   ALPHABETIC UST OF GENERAL EQUIPMENT 
 CODES (COLUMNS 9-12)  

General equipment codes are given alphabetically on the following page. 

TR 65-58,  app 3 -6- 



-L I -MB  '05-59 HI 

Eos * 

O 
H 
O 
c 
v 
i 
o 

TO TO 

P 

O 
H 
O 
cr 
P 

O 
TO 
•1 
P 

»0 

o 
►i 
O 
a- 
P 
i 
o 

TO  TO TO 
H    H    H 

P 

O 
H 
O 

o 

ft o 
cr 
P 
1 
o 

p 
01 

o 

01 
3  o ft  jü^ n 

H 
O 

P 

O 

P p 

s* er 3* 3* 3* cr 
•o o 
0 IB 

^ 
n 

ft 
M 

& P p 
ST'« 3 

cr 
c rf 
0 
H 

t ft 
^ 

ft 

P 

o 

01 

4
   3 

3 Qj 

5" 3 

3 
H 

0 
a 

X re 
»-' t-»- 
n 
o 
H 

ft 

ft 
H 

ft    P    C    H ^üöööööononn 

o * 

& 3 ft ft 

^ ft 

ET 3 5
' i 

S. TO «< 
ft   ft Ä 
H    3 " 

ft o H
 s 

o * 

3 

ft  ft 

o 
H 
H 0 
ft    H 

ft   ft 
<   < 
ft   ft 

P 

O 
ft 
0 3° 

3   ^ P  CL a 
ft  ft 

01 

n 
tr H" 
3 

TO 
c 
3 

P 0 

P ^ 

n 5* 

f? 3 0 P 
•-* ft 

3 3 er 
3   O S 

P 

•r' P P P 
O     I—■ »-• H^ 
n    H- >J- M' 
S- cr cr a* ►1 H 4 

P P P 

a 

O Ü3 W W W W 
&.    ^    fü    su    p    p 

ft TO 
ft 

O 
3 

»  n 

3" O M.    I—■ 
3 

TO 

o 
P 

>   > 
3   3 

1 ft    ft ft 

3 3 3 3 0   0 0 
ft 3 3 3 ft ft ft ft 
H <-f   ct rf 

ft ft ft 
►i   "i H 

i * * M.     ►-• f-«« 

3   3 3 
a a a 
<; a H- 

ft 
,
-
,
• u 

^ »i a 
0   ft i-*- 

n n n 
H-  rf P 

>> 
n  n 
0  0 
a c 
ta  ai 

n n 
H    ft) 
3
  S 

2 'S 

D" ft 
O   -i 
3 
ft 

•>< O 
^ 3 
H «■ 
P H 
9 P 
oi a 
3     CA 

li ft s M   ft 
»1 

< < ^2 
5 »Co 

>-; 0 öJOhJWSöCö^öO en Üi 
W 

H «JO 
en 
*1 ^s 

en en en en 
OH X- 

•0 *i 
§ ? a 

en en 

X b3 

H H H 
Jö J» 50 
w J» o 
o 

hd »D H > < K 0 
•xj 'Tj 'Ü *ü ^ o 5? 
w o > H <; en Tl c    > Ss 

H H H H H H 
•-?■ I-- «r ft  P  P 

Q) oi en en 
3    3    H    P 
3    3    f-   rt- 

en 
o 

en 
OP 
rt 

g
1
^ 

cn en en 
ft  a.  ft enjo!!Ojojo

,
0*t)*dhö

,
iJ'flC 

""vipppiiOOOS'ft» p
e 

re
co

rd
er

 
p

e 
sw

it
ch

in
g

 
le

 p
h

on
e 

er
m

o
m

et
er

 
m

e 
co

n
tr

o
l 

ur
 

m
e 

en
co

d
er

 

P 01    01 cn    tn    oi 

d
io

 t
im

e 
si

g
n

 
m

o
te
 p

ow
er

 c
 

L
sm

ic
 d

at
a 

fi
l 

a ao«**o3n Ci io
n
 p

ro
te

 c
to

 
p 

ch
a

rt
 

re
cc

 
m

a
ti

o
n
 a

m
p

 
m

at
io

n
 f

il
te

 

H 
P 
3 

C 

P 
i—' 

01 
O 

P 
cf 
O 
►1 

m
o
m

et
er

, 
 h

 
m

o
m

et
e 

r,
  

e 
m

o
m

et
er

,  
 i

 
m

o
m

et
er

, 
 1

 
m

o
m

et
er

,  
 s

 

0 

r ' 

ft 
n 

< 
ft 
1 

il
lo

sc
o
p

e 
ta

st
ri

p
 v

ie
w

er
 

to
tu

b
e 

a
m

p
li

fi
er

 
er

 a
m

p
li

fi
er

 
er

 c
o
n

tr
o
l 

u
n

it
 

er
 s

u
p

p
ly

 
g

ra
m

m
er

 
io
 c

o
n

tr
o
l 

H 
0 

t—• 

3 
►1 

3 

r» ft'   « 

►1 V S O   3 
H TO 

3   *   N 

2^2 

al
 c

o
n

v
er

te
r 

o
n

tr
o

l 
te

r 

re 
►1 

H    * p
er

io
d

 
t 

p
er

io
d

 

d 
b

an
d

 
ri

m
en

ta
l 

m
ed

ia
te
 b

a 

re 
P 
a 
re 
i 

I 



3.   ALPHABETIC LIST OF SÜBASSEMBLY CODES 
 (COLUMNS 25 28)  

Subassembly codes are listed alphabetically below. 

AMP Amplifier MONT 
BCDU BCD display unit NKRG 
CSL Channel selector OSC 
CHS Chassis OSCP 
CMOD Control module PAMP 
DT Date timer PS 
DDU Digital display unit PFS 
DISC Discriminator PCB 
FDV Frequency divider PASY 
HSPA Head switching panel aesombly RCU 
HSPP Heat sink power p?ck SSCP 
INVT I-/erter TSP 
MASY Met  ^ assembly 

Monitor 
Numeric register 
Oscillator 
Oscilloscope 
Power amplifier 
Power iv.nply 
Primary frequency standard 
Printed circuit board 
Pump assembly 
Remote centering unit 
Stroboscope 
Transport 

LT-ST OF ACCEPTABLE SUBASSEMBUES 

Long-Period Seismometers 7505 and 8700A 

10073 Monitor 
10074 Monitor 
10075 R.  C.  Unit 
10076 R.  C.  Unit 

Develocorder 4000 

-IS 00 
160^2 

Date timer 
Pump assembly 
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Tape Recorder.__Minneapolis- Honeywell 7360 

3167 Transport 
4215 Record oscillator 
3770 Power supply 
4103 Direct/PDM record amp 
4182 Bias oscillator 

Channel selector 
5204 Signal discriminator 

(5204 Signal comp discriminator) 
5661 Voice amplifier 

Tape Recorder, Ampex 314 

48700- 01 Transport 
65675 Motor drive amp 
15246- 10 Blower and control circuit power supply 
15600- 20 Connecting chassib power supply 
48570- 010 Reproduce amplifier 
48790- 2 Head Sw. panel assembly 
15730- 05 Connecting chassis 
48725- 010 FM record amp 

Timin« System,   11880 

5479 Frequency standard 
5402 Frequency divider 
5504B Stroboscope 
8444A Control module 
9220A Inverter 

Timing Sy; stem,  19000 

ooooo Printed circuit board Gate 1 
Printed circuit board Gate 2 
Printed circuit board Flip flop 1 
Printed circuit board Flip flop 2 
Printed circuit board Relay driver 
Printed circuit board Sq amp 
Printed circuit board Light driver 
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Tiraing System,   19000 (continued) 

00000-1 Printed circuit ^oard 
00Ö00-2 Printed circuit board 

Printed circuit boari 
Printed circuit board 
Printed circv t board 
Printed circuit board 

00000 Printed circuit board 
18247 Printed circuit board 

Tuning fork oscillator 
Tuning fork oscillator 
Matrix - (different numbers) 
1000 watt inverter 
BCD display unit 
Osc.   scope assembly 
Power amp assembly 
Primary frequency standard 

Digital Time Encoder 15925 Subassembly 

10948- 2 Printed circuit board Matrix 
10325 Printed circuit board +9 V regulator 
10345 Printed circuit board -9 V regulator 
11484- 1 Printed circuit board 2 input "and" gate 
11724- 1 Pointed circuit board 3 input "and" gate 
11770 Printed circuit board Driver 
12068 Printed circuit board Saturation amplifier 
12137- 1 Printed circuit board Modulator 
12193 Printeä circuit board Dual monostable 
14921 Printed circuit board +9 V series regulator 
14924 Printed circuit board -9 V series regulator 
15157 Printed circuit board 18 input "or" gate 
15221 Printt 1 circuit board Dual trigger 
16809- 1 Printed circuit board Dual flip flop 
15869 Printed circuit board Program 
11738- •1 Printed circuit board Special program 

Digital Time Encoder Aux Unit 

Duplicates many of the printed circuit boards used of the 15925 time encodei 

Digital Time Encoder 1315c' 

11564-2 Printed circuit board   Dual flip flop 
11734-1 Printed circuit board   3 inp it   'and" gate 
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Digital Time Encoder 13159 (com inued) 

11738 Printed circuit board 19 input "or" gate 
12868 Printed circuit board Saturation amplifier 
11484- 2 Printed circuit board 2 input "or1' gate 
10948- 1 Printed circuit board Matrix 
10948- 2 Printed circuit board Matrix 
11770 Printed circuit board Driver 
12193 Printed circuit board Dual monostable 
11564- 3 Printed circuit board Trigger 
13508 Printed circuit board Power supply 
13527 Printed circuit board + - 12 V regulator 
12137 Printed circuit board Modulator 
11484- 1 Printed circuit board 2 input "and" gate 

Programmer,  Geotech Model 11395 

20989 
11911 
11547 
11596 
11511 
11512 
11513 
11626 
11518 
12094 
11644 
11580 
11581 
11583 

Digital display unit 
Printed circuit board 
Printed circuit board 
Printed circuit board 
Printed circuit board 
Printed circuit board 
Printed circuit bo . 1 
Printed circuit board 
Printed circuit board 
Printed circuit board 
Printed circuit board 
Printed circuit board 
Printed circuit board 
Printed circuit board 

G.  R.   Counter 1151AR 

1151-D1 Printed circuit board Ring counter 
1150-D2 Printed circuit board Ring counter 
1151-4720       Printed circuit board Time base 
1151-2730       Printed circuit board Program control 
1151-2751       Printed circuit board Power supply oscillator 
1151-4740       Printed circuit board Input circuit 

Numeric register 
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Ac Time Voltage Regulator - Beckman 760R 

Heat sink power pack 
Printed circuit board amplifier No.   1 
Printed circuit board amplifier No.  2 
Printed circuit board amplifier No.  3 
Printed circuit board c^trol 
Printed circuit board reference amplifier No.   1 
Printed circuit board reference amplifier No.   2 
Meter assembly 
Power supply No.   3 
Power supply No.  4 

5.    COMMON AND MEANIITGFUL SYMBOLS FROM 
MILITARY STANDARD    bC (COLUMNS 43-53) 

1 400 
§: 201 

202 
; 203 

204 
! 205 
i 206 

207 
303 
304 

I 

i 

i 
Battery BT 
Capacitor C 
Cell,  light-sensitive, photoemissive (photoelectric cell) V 
Coil;   (all others not cla: sified as transformers) L 
Connector,  plug,  electrical P 
Connector,  receptacle,  electrical J 
Crystal detector (semiconductor device,  diode) CR 
Crystal diode (semiconductor device, diode) CR 
Crystal unit (semiconductor device, diode) CR 
Cutout,  fuse (fuse cutout) F 
Detector crystal (semiconductor device,  diode) CR 
Device,  indicating (indicator) except meter or thermometer DS 
Disconnecting device (switch) S 
Electron tube V 
Flasher (circuit interrupter) DS 
Fuse F 
Indicator (except meter or theimometer) DS 
Inductor L 
Jack ,T 
Key,  telegraph S 
Key-switch (telephone usage) S 
Lamp,  fluorescent DS 
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Lamp,  glow DS 
Lamp,  incandescent DS 
Lamp, pilot (lamp,  incandescent; lam \  glow) DS 
Lamp,  signal (lamp,  incandescent; lr .np,  glow) DS 
Motor B 
Neon lamp (lamp,  glow) DS 
Phototube (photoelectric cell) V 
Plug,  electrical (connector, plug, electrical) P 
Potentiometer (resistor, variable) R 
Power supply PS 
Rectifier (semiconductor device) CR 
Resistor R 
Resistor,  thermal (thermistor) R 
Resistor, variable R 
Resist        voltage sensitive R 
Rhe R 
Sele^viiu cell (rectifier) CR 
Shunt, instrument R 
Switch S 
Switch, hook S 
Switch,  interlock S 
Terminal board TB 
Transformer T 
Transistor Q 
Varistor, asymmetrical (semiconductor device, diode; CR 

rectifier metallic) 
Visual signalling device DS 

ALPHABETIC LIST OF THE MORE COMMON MANUFACTURER 
CODES (COLUMNS 64-68) 

Federal codes 

00656 Aerovox 
92739 Ampex 
04009 Arrow-Hart and Hedg< 
82376 Astron 
07829 Bodine Electric Corp. 
80294 Bourns 
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71400 
71471 
06184 
14655 
88026 
12954 
71400 
03508 
24455 
33173 
99019 
14160 
73061 
28480 
91929 
11502 
75042 
81483 
81856 
75915 
38443 
91929 
40931 
91929 
04713 
92726 
44655 
81453 
02735 
49671 
82742 
84970 
06292 
83561 
83561 
58474 
82389 
82219 
93332 
94928 
01295 

Bussmann (Fusetron) 
Cinema Engineering 
Con-Elco 
Cornell-Dubilier (capacitor) 
Cutler-Hammer (Los Angeles) 
Dickson Electronics 
Fusetron (Bussman) 
General Electric (semiconductors) 
General Electric (lamps) 
General Electric (tubes) 
Geotech 
Guardian Electric 
Hansen Princeton 
Hewlett-Packard 
Honeywell (Microswitch) 
International Resistance (IRC Boone) 
International Resistance (IRvJ Philadelphia) 
International Rectifier 
Kemlite 
Litte Ifuse 
Mar lin-Rockwell 
Microswitch (Minneapolis Honeywell) 
Minneapolis-Honeywell Regulator Co. 
Minneapolis-Honeywell (Microswitch) 
Motorola (semiconductor) 
Mulla rd 
Ohmite 
Raytheon (tubes) 
RCA (semiconductors) 
RCA (tubes) 
Ripley 
Sarkes-Tarzian 
Specific Products 
Stancore vStandard Transformer) 
Standard Transformer (Stancore) 
Superior Electric 
Switchcraft 
Sylvania (tubes) 
Sylvania (semiconductors) 
Telefunker (tubes) 
Texas Instruments (semiconductors) 
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87907 
94154 
88870 
63810 
07138 
65035 

Tilton 
Tung-Sol (lamps) 
Walkirt 
Warner Electric Brake-Clutch 
W jstinghouse (tubes) 
Westinghouse Air Brake 

PRINTOUT OF PROGRAM MISERABLE FOR 
MAGNETIC-TAPE INPUT 

8 

PROGRAM MISERABLE 
DIMENSION KC0MP(3)tKSPt( 10* «KMOD1 ( 10) »KMOD2 (10)*MSUBU0) « ATIMEI ( 10 

1 ».ATIME2UJ>.KPREV(10»«KCAT(10>*KOUNT(25*10)•^C0MP<25«10*3)• 
Z  KHOUD<10)»NSERVU0) 

101 FORMAT(A3,12*I3«A1*A3*2A4.4X*A4<1AX*2A4*A3«15X*F3«1•2X*F5*1«Al) 
ISTOP«1 
IST«0 1ST 41Y 
IFIN«366 END DAY 
|YR>64 YEAR 
IPRtNT-2 
PAUSE 77 
KS«0 

90   ITYPE-1 
KHOLOd)"! 

100   READ INPUT TAPE 2« 101 «KOBS*KYR*K0AY*K(iEC*KSP<".0Ol tM002«KSUe*KCOMP( 
1 l)*KCOMP(2)*KCOMP|3)*TtMEl*TIME2«KF 
IF(XEOF(2)>102«105*102 

102 ISTOP»2 
60 TO 300 

105 IFUYR-KyR)lOO*106*tOO 
106 IF(KDAY-IST)100*107*107 
107 IF(KOAY*lF|N>103*103*100 
103 IF<KS/<0aS)110*200«110 
110 KS*0 

GO 70(300*1110)IPRINT 
1110   PRINT 109.KOBS 
109   FORMAT(1HI«SOX*9HSTATION  *A4//6X*8HSPECiFIC*17X*3HSUe*9X*>iN0**6X 

1 *6HREPAIR*6X*4HTIME/6X*eHFUNCTION*3X*9HMOOEL  N0**3X*8HASSEI43>DY* 
2 3X*8HSERVICEO*5X*4HTIME«7X*SHlNOP**3X*9HPREVENT*   «4X«6HCATAS««8X* 
3 9HC0MP0NENT*7X*3MN0»//') 

IF(KS)300*lll«3O0 
111 KOMsKGEC 

KS>K0BS 
115   KS'HITYPE»«KSP 

KMOO111 TYPE)«MODI 
KM002(t TYPE >•M002 
MSUBUTYPE)»KSUB 
NSERV<1TYPE>»1 
AT|ME1(ITYPE)>TIME1 
AT IME2(ITYPE)«TIME2 
I«ITYPE 
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B        ir (KP/63202020 Uao« 130 t 120 
120   KPR£V(ITYPE>BI 

KCAT«ITYPE»«0 
GO   TO   140 

130       KPRev<lTYPe>-0 
KCAHlTVPEl-l 

140        ICOMP«KH0LO(>I 
KOUNT(ICOMPtI)«l 
MCOMPCICOMP*1«1)»KCOMP(1) 
MCOMP<IC0MP*I«2}>KC0MP(2) 
MCOMP(ICOMP* I»3)«KCOMP(31 
IPRINT'I 
60  TO   100 

200        60  T0<201* 11 IMPRINT 

8     201 lP(KGeC/K0M>300*2l0«300 
210       DO  280   1-ltITYPE 

B IF(KSP/KSPlClM260t220i280 
8 220 |PCM001/KM00t(l>)2a0*230«2e0 
8 230 IF(MOD2/XMOD2(l♦)280.240»280 
8     240        !P(KSUB/MSU8(in2e0*2S0*280 

250 ATIME1<I)«ATIME1<I>4>TIME1 
ATIME2(l)«ATJMe2U)+TIMe:2 
N3ERV(I!"NSERV<I)+l 

8 IF(KF/63202020)251.232.251 
251 KPReV(I)«KPREVU )♦! 

60   TO  255 
252 KCAT{l»«KCAT(n*l 
255       U.>KHOLO<t> 

00 270 U>1«L.L 
00 260 J-1.3 

B        IF(KCOMP(J>/MC0MP(L.I,J>)270*260*270 
260   CONTINUE 

KOUNT ( L « 11 «KOUNTIL • i) ■*■ 1 
60 TO 100 

270 CONTINUE 
KMOLOCI)«KH0LD<1>♦! 
IF(KHOLO(11-251140«140*271 

271 PAUSE 11 
280 CONTINUE 

1TYPE-ITYPE+1 
IF(ITYPE-10>2B1«281*282 

281 KHOLD <ITYPE1■1 
60 TO 115 

282 ITYPE'IO 
300   BACKSPACE 2 

DO 320 l"l»iTYPE 
IF!I-11305«305*307 

305 PRINT 3C6«KSPlll)«KMODl(l)**M002(ll*MSUa(Il«NSERVm*ATlMEl(n* 
2 ATIME2(I> »KPREVI11«KCATt1) 

306 FORMATUHO«TX*A4*4X«1H(«244*IH)*5X*A4*SX«l£.«5X«F6*1«6X*F6«1•3X*15* 
2 7X*I5I 
60 TO 309 
IFCKSPK I )/KSPl ( l-I 1 )305« 1307*305 
IFtKMODl(I)/KM0Dl(1-1)1305*1308*305 
IF(KM002<I>/KM0D2(I-1)1305*1309*305 
PRINT   308*MSUS(I >.NSERV( 11 *ATIMEt ( 11 •ATIME2( 11 «KPREVt I UKCATtU 
L«KH0L0(I) 
F0RMAT(3tX.A4*SX>tS*5X*F6»1.6X.F<S.l*3X«IS«7X*I5) 
00  310  J«1*L 
PRINT 311« CMCOMP«J*1*K> *KB1*3}*K0uNT(J*I 1 
F0RMAT(100X*3A4*I5) 
CONTINUE 
IPRINT«2 
60 TO C90,400> ISTOP 

400   END 

8 307 
0 1307 
8 1308 

1309 
309 
308 

310 
311 
32'J 

TR 65-58, app 3 -16- 
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APPENDIX 4 to TECHNICAL REPORT NO.   65-58 

OUTDOOR CABLE CODES USED AT THE VT/1124 OBSERVATORIES 
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OUTDOOR CABLE CODE USED AT THE VT/1124 OBSERVATORIES 

Outdoor cable code identification 

Z1D-Z1 Data 
thru 
Z19D-Z19 Data 

Z1C-Z1 Cal 
thru 
Z19C-Z19 Cal 

! 

I 

L 

NSD - NSP Data 
NSC - NSP Cal 
ESD - ESP Data 
ESC - ESP Cal 
Z1BD - ZIB Data 
ZiBC - ZIB Cal 
N1D - NIB Data 
NIC - NIB Cal 
EID - EIB Data 
E1C - EIB Cal 
ZBD - ZBB Data 
ZBC - ZBB Cal 
NBD - NBB Data 
NBC - NBB Cal 
EBD - EBB Data 
EEC - EBB Cal 
BC - 3 comp BB Cal 
ZLD - ZLP Data 
ZLC - ZLP Cal 
NLD - NLP Data 
NLC - NLP Cal 
ELD - ELP Data 
ELC - ELP Cal 
LC - 3 comp LP Cal 
DWD - Deep-hole data 
DWC - Deep-hole cal 
DWBC - Deep-hole ball lift 
SPD1 - Spare deep hole 
SPS1 - Spare shallow hole 

ZLAP - ZLP L Amp Power 
NLAP - NLP L Amp Power 
ELAP - ELP L Amp Power 
ZMPA - ZLP Mass-Position Act. 
HMPA -  N-ELP Mass-Position Act. 
NMPA - NLP Mass-Position Act. 
EMPA - ELP Mass-Position Act. 
ZMSO - ZLP Mass-Position Bridge Out 
HMBO - N-ELP Mass-Position Bridge Ovt 
NMBO •■ NLP Mass-Position Bridge Out 
EMBO - ELP Mass-Position Bridge Out 
A - Anemometer 
WD - Wind Direction 
MFP - Microbarograph Filter Power 
MPP - Microbarograph Plate Power 
AC1 - 115 Vac Service Power TFP No.   1 
AC2 - lib Vac Service Power TFP No.   2 
ZVHP - ZLP Vault Heater Pov/er 
NVHP - NLP Vault Heater Power 
EVHP - ELP Vault Heater Power 
LSHP - CRB LP Seis Heater Power 
ZSHP - ZLP Seis Heater Power 
NSHP - NLP Seis Heater Power 
ECHP - ELP Seis Heater Power 
SWD - Shallow-hr1.e data 
SWC - Shallow-hole cal 
SWBC - Shallow-hole ball lift 
STP1 - Spare lank fairr, 
STP2 - Spare tank farm 

TR 65-58.  app 4 
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Table  I      P phase travel time» ver»U5 distance and depth for u»e in the automated bulletin procen» program 

Travel times (seconds) 

Depth (kilo meters) 
Distance 

(degree» 
0 

) Surface     33 
6.8            5.4 

97 
13.5 

160 
214 

224 

29. 1 

288 

36.6 

351 
43.9 

415 
51. 1 

479 
58.0 

542 
64. 5 

606 
70  8 

673 
76.8 

733 
62.8 

.'97 
88.8 

0.0001 6.8 5.'. 13. 5 21,4 ?9. 1 36.6 43.9 51, 1 58.0 64.5 70, 8 76.8 82   8 88.8 
0   5 14.0 10. 5 15.6 22.6 29.9 37^2 44.4 51   5 58.3 64.8 71.0 77.0 83.0 89,0 
1.0 21   1 17.7 20.4 25.8 32.2 39. 1 45.9 52.7 59  3 65.7 71.8 77.7 83.6 89.5 
1. 5 28.2 24.8 26,7 30.6 36.0 42.3 48 4 54.8 61.0 67.2 73.1 78. 8 84.6 90. 3 

2.0 35.4 32.0 32  9 36.0 40.6 45.8 51.6 57.6 63.4 69.2 74.8 80. 3 85.9 91,5 
.■(  0 49.7 46. 3 46.7 46.4 51. 3 55,2 59.7 64.6 69.7 74.8 79.8 84. 7 89. 8 94,9 
■10 63.9 60, 5 60.4 61.3 63.2 66.0 69.4 73.4 77.5 81.7 86.2 o0.6 95.1 99. 7 
6.0 92.2 88.7 87.7 87.6 88.3 89.5 91.4 93.7 96.3 98.9 101.8 104.8 108.2 111.9 
8.0 120.3 116.7 115.2 114.3 114. 0 114.2 114.9 116. 1 117. 1 118.3 119.8 121. 7 124.0 126.5 

10.0 148.5 144.4 142.2 14(16 1397 139.0 132.8 139.0 138.6 138.6 138.9 139.9 141.2 142. 7 
12.0 175.3 171.6 168,9 166.7 165. 1 163.8 162.8 161.8 159.6 158.9 158.6 158.6 159. 0 159.8 
14.0 201.9 198. 1 195.0 192.3 190.0 188. 1 186.3 183.6 180.9 179 2 178.2 177.6 177.2 177   3 
15,0 215.0 211.2 207.9 204.9 202.3 200. 1 197,0 194.0 191, 1 189.2 187.9 197. 1 186.4 186.2 
16.0 228,0 224. 1 220.5 217.3 214.4 211.3 207.6 204. 1 201.2 199.0 197.5 196.4 195. 5 195. 1 

17.0 240.7 236.7 232.9 229. 5 226.0 221,9 218.0 214.2 211.2 208.7 206.9 205.5 204.5 204.0 
18.0 253.2 249.2 245.2 241. 1 236.5 232.2 228. 1 224.3 221. 1 218.4 216.3 214.7 213.5 212.8 
19.0 265.5 261.5 256.5 251.6 246  7 242.3 238. 1 234.1 230.8 227.9 225.6 223.8 222.5 221.6 
20  0 277.0 272.5 267.1 261.9 256.9 252.7. 247.9 243.8 240.3 237.3 231. 8 232.8 231.3 230. 3 
22.0 297.5 292.9 287.2 281.7 276. 5 271.7 267  2 262  9 259.0 255.7 253.0 250.8 249,0 247.7 

264.9 24. Ö 317. 1 31:5 306.5 301.0 295.6 290.5 285.7 281.1 277. 1 273.7 270.8 268.4 266. 4 
26.0 336.2 331.6 325.5 319.7 314. 1 308.7 303.8 299. 1 295.0 291.4 288.4 285.8 : 3.6 281.9 
28.0 354.5 349.9 343.8 337.9 332.2 326.8 321.7 316.8 3.2.6 309.0 305.7 302.9 3( 0. 6 298.7 

315.4 30.0 372,5 367.7 361,6 355.7 349.9 344.4 339.2 334.2 330.0 326.0 322.8 319.9 317. 4 
32.0 390   1 385.4 379. 1 373.2 367.3 361.7 356.4 351.4 347.1 343.2 339.7 336.7 334. 1 331.9 

34.0 4G/. 5 402.7 396.4 390.3 384.4 378.8 373.4 368.4 363.9 360.0 356.4 353.3 350.5 348.2 
364.4 36  0 424,6 419.8 413.4 407.2 401.3 395.6 390.2 385.2 380.6 376.6 372.9 369.7 366.8 

38.0 441.4 436.6 430. 1 424.0 418.0 412.3 406.8 401.7 397. 1 392.9 389.3 386.0 383.0 380.4 
40.0 4 58. 1 453.2 446.7 440.5 434. 5 428.7 423.2 41S. 1 413.4 409. 1 405.4 402.0 398.9 396. 1 
42.0 474.5 469.7 463. 1 456.9 450.8 445.0 439.4 434.2 429.5 425. 1 421.3 417.8 414. 5 411.5 

44.0 490,8 486.0 479.4 473,0 466.9 461.0 455.4 450. 1 445. 3 440.8 436.9 433. 3 429.8 426.7 
46.0 506.8 402.0 495.3 488.9 482.7 476.7 471. 1 465  8 460.8 456.3 452  Z 448.5 444.9 441.7 
48.0 522.6 517.7 511.0 404.5 498.2 492.2 486. 5 481. 1 476. 1 471. 5 467. 3 463.4 459.8 456.4 
50  0 538.0 533. 1 526.4 519. 8 513.4 507. 3 501.6 496 2 491, 1 486.4 482. 1 478   1 474  4 470,9 
53.0 560.7 553. 7 549.0 542.3 535.7 529.4 523.7 518.3 513,0 506. 1 503 6 499. 5 495 6 491.9 

56.0 582.6 577,6 570.8 564. 1 557. 3 550.9 145. 1 539.6 534  2 529   1 524. 5 520.2 516.2 512   3 
59.0 603.8 598.8 591.8 585. 1 578. 3 571.8 565.8 560.0 554   5 549  5 344. 8 540. 3 536. 1 532.1 
62.0 624. 3 619.2 612.2 605.4 r98. 5 591.9 585.7 579.9 574.4 569 2 564  4 559  S 555.4 551.4 
65.0 644.0 638.9 631   9 625.0 618.0 611. 3 605,0 599.2 593.6 588  3 583  4 578.7 574  2 570.0 
68.0 663  1 657.9 650.8 643.9 636.9 630.1 625.7 617.8 612. 1 606, 8 601.7 597.0 592.4 588,0 

71.0 681.5 676.3 669. 1 662. 1 655, 1 648. 3 641.9 635.8 630.0 624.6 619.4 614.6 61C.0 605.4 
75,0 705.0 699.8 692.5 685.4 678. 5 671   7 665.2 658. 8 652.9 64-  3 642   1 637   1 632, 3 627.6 
80  0 732.7 727 6 720.2 712.9 705.8 698.9 692. 3 685 9 679.8 6'l4. 1 668.8 663.7 658  7 653  8 
85.0 758.5 753. 3 745,8 738.5 731   4 724.4 717.7 7112 705.0 699.2 693.8 688.6 o83  4 678.4 
90.0 782.7 777.4 769,8 762.4 755.2 748.2 741.7 734  8 728.6 722.7 717. 3 711,9 706.7 701. 6 

95.0 805  7 800,4 792.8 785.4 778.2 771.2 764.4 757   8 751   5 745,6 740  0 734.8 729.6 724.4 
100.0 828.4 823. 1 815.5 808. 1 800.9 793.8 787. 1 780.4 774. 1 768.2 762.6 757,3 7!2. 1 747.0 
105 0 350.6 845.3 837.6 830.2 823.0 816.0 809. 1 802,4 796. 1 790.2 784.6 779  3 774, 1 769.0 
110.0 872.6 867.3 859.6 852.2 845.0 838.0 831   1 824  4 818. 1 812.2 806.6 801. 3 796, 1 791.0 
110. 1 872.6 867. 3 859. 6 852.2 845.0 838.0 831. 1 824.4 818. 1 812.2 806 6 801. 3 796. 1 791.0 

TR 65-58, app 6 
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Table 4 PF travel ttmt» versus distance and depth for ufe in the autorr alrd hall eun ^race p program 

Travel times (sec ondsl 

D'-plh (ki lometert) 

Distance 

(dcErcc») Surlact 33 97 160 224 288 liL 415 479 542 606 6_73 733 797 

0 14. 0 14,0 14,0 14.0 14.0 14   0 14.0 14,0 14.0 14.0 14,0 14.0 14   0 14,0 

0, 5 21   0 21   0 2: .o 21   0 21   0 21   0 21   0 21  0 21,0 21   0 21   0 21,0 21.0 21   0 

1.0 28.0 28  0 28.0 28. 0 28.0 28.0 28,0 28.0 28,0 28.0 28,0 28, 0 28.0 28   0 

5.0 85.0 85.0 85,0 85.0 85.0 »5.0 85,0 85 0 85,0 85.0 85,0 85,0 85,0 85.0 

10. 0 156.0 156  0 156  0 156  0 156.0 156,0 156.0 156  0 156.0 156.0 156. 0 156  0 156,0 156,0 

IS  0 227. C 227.0 227,0 227.0 227.0 227  0 227.0 227  0 227.0 227,0 227.0 227.0 227,0 227,0 

20. 0 296.0 292.0 291. 0 290  0 289  0 289,0 269.0 289.0 289,0 289.0 289  0 289,0 289,0 289  0 

25.0 364.0 360.0 )58.0 )56   0 355.0 354 354.0 )54  0 354,0 )54   0 )54,0 )54,0 )54,0 354.0 

30, 0 430,0 426  0 42)  0 420,0 418.0 417. ) 417  0 417, 0 417, 0 417.0 4>7   0 417,0 417.0 ill   0 

35.0 494,0 490,0 486.0 483. 0 480.0 477   0 474.0 471.0 468.0 468.0 468  0 46«  0 468,0 468  0 

40. 0 554.0 550.0 54b  0 541,0 536,0 5)2,0 528.0 524   0 521.0 518 0 517.0 516 0 516.0 516,0 

45.0 605.0 600.0 595.0 589.0 584   U 579  0 575,0 571   0 567.0 564  0 562   0 560 0 559,0 559.0 

50  0 654, 0 649.0 644.0 638.0 632.0 627  0 622  0 618 0 614  0 611 a 608.0 606  0 604.0 601.0 

55.0 700.0 695  0 690  0 684  0 678,0 67)  0 668,0 665.0 659  0 656.0 65) 0 651.0 649.0 64»  0 

60  0 /4 5.0 740  0 7)4.0 728.0 722  0 "17.0 712.0 707.0 703,0 '■99  0 696.0 693.0 691   0 690  0 

65  0 789,0 781.0 776.0 770.0 76,. 0 759.0 754   0 749 0 745.0 741.0 7)0.0 7)5.0 73)  i 732.0 

70. 0 832.0 827   0 821.0 815  0 809  u 80)  0 798.0 793.0 788.0 784.0 781,0 778.0 775.0 77)  0 

»0.0 9!6.0 911   0 905.0 898,0 892.0 887  0 881   0 576.0 87|   0 867  0 861,0 860  0 86 5.0 861.0 

90. 0 998.0 9'3  0 986.0 980  0 974.0 966,0 962.0 967  0 952.0 948  0 944.0 941.0 937. 0 9)4, 0 

100.0 1076  n 1071   0 1064.0 1058  0 1051..1 1045,0 1040  C lu:4.0 1029  0 1025  0 1021,0 1017  0 ICD.O 1010,0 

110   0 1151.0 1146.0 1139.0 1132.0 U26.0 1119.0 1114.0 1108.0 1103.0 1098.0 1094.0 1090  0 1086.0 1082,0 

120  0 !2Z1   0 1216  0 1209  0 1202   0 1I95.0 1189 0 llf). 0 1177.0 1172  0 1167.0 1162  0 1158.0 1154.0 1150.0 

130.0 1288.0 126)  0 U76  0 1269  0 1262.0 1255.0 1249.0 124). 0 12 38  0 12)2   0 1228  0 1223  0 1219.0 1214  U 

140.0 1351.0 1346.0 1))9. 0 1332.0 I 325 0 1)18  0 1)11   0 1305.0 1300.0 1294,0 1289.0 1285.0 1280  0 1276, 0 

150  0 1410.0 1405.0 1)97.0 1390.0 1)83  P 1)77  0 1370.0 1364  0 1)58,0 1)52,0 1147.0 1342.0 1))8.ü l))3, 0 

16.0  0 1465.0 1460  0 1452   0 1445  0 14)8.0 14)1.0 1425 0 1418.0 1412  0 1406,0 1401,Ö 1396.0 l«I.O 1386  0 

17?. 0 1517.0 1512.0 1504.0 1497  0 1490  0 1483,0 1467.0 1461   0 1454, C 1449,0 1441.0 14)8.0 141),0 1428,0 

180  0 1565.0 1560  0 1552.0 1545 0 15)7.0 15)0  0 1524.0 1517  0 1511   0 1505,0 1500  0 1494.0 1489  0 1484.0 

190  0 1611.0 1606  0 l598.0 1591   0 158). 0 1576  0 1570.0 156»  0 1557.0 1551   0 1546.0 1540  0 15)5.0 1530.0 

18. 0 794. 3 786,2 774.7 763.8 75)   1 742,8 733.2 723.9 7i5 6 .•o» 0 701   1 695.1 68S   8 685 2 

4V0 868.9 860   7 849  0 837   7 826.8 816  4 806. ) 796.7 788  0 780,0 772   7 764. ) 760,6 755  4 

48.0 940.6 932.4 920.4 908  9 897   9 887  2 »76  9 866.9 857.9 849.6 842. 1 815  2 829  0 823.4 

50  0 978  6 960   3 948. ) 936. 7 925 6 914,8 904.4 894   ) 885,2 876  8 869  2 862   2 855,8 850  0 

52   0 996   2 987.9 975  8 944. 1 952,9 942.0 931.5 921   4 912  2 903. 7 895.9 <!88   7 882,2 676,2 

57.0 1063  4 1055. 1 !042.8 10)0.9 1019.5 1008  4 997. 7 98?  4 077, Q 969. 0 960,9 953.4 946,4 940,0 

62.0 1128.1 1119   7 1107.2 1095.I 108). 5 1072,2 1061. 3 1050.7 1040.9 10)1.7 102). ) 1015. 5 1008,0 1001   1 
64.0 115»  2 1144,7 11)2.2 1120.0 1108   ) 1096  9 1085, 9 1075 2 1065   ) 1056 0 1047,5 10)9, 5 10)'   9 1024,S 

66.0 1177   8 1169  2 1156.7 1144   5 11)2.6 1121,2 1110, 1 1099.) 10»9.2 1079  9 1071,2 1061  0 1055, ) 1048   i 
68.0 1201   9 1193. 3 1180   8 1168   4 1156  6 1145 0 1133   8 1122  9 1112  8 1103   ) 1094,4 1086, 1 1078.3 1070,9 

70.0 1225.6 1217  0 1204.4 1191   9 1180.0 1168.4 1157,1 1146.1 11)5.8 1126.2 1117.2 1108   8 HOC. 8 109)  2 
72.0 1248  8 1240  2 1227   4 1214   8 1202,9 1191.2 1179  8 1157.5 1147.1 1148.6 1159   5 11)1   1 1122,9 1115   1 

74.0 1271,4 1262.8 1249.8 12)7   ) 1225.2 1213.4 1202,0 1190  8 1180  4 1170  5 1161.4 1152,9 1144   5 11)6. 5 

76  0 1293.6 1285,0 1271.9 1259. ) 1247. 1 12)5, ) 122)  7 1212   5 1201   9 1192   0 1182.9 1174,2 1165.6 115-6 

79  0 1326,0 1)17.) 1)04  2 1291.4 1279   1 1267   1 1255  5 1244   1 12)3  4 1221  4 1214, 1 1205   1 1196  6 UM:   ) 

82   0 1357.r 1)48   5 1)35. ) 1)22,4 1)09.9 1297  8 1286,0 12   4  6 1263   8 125)  6 1244,0 12)5,0 1226.2 1217.-, 

85.0 1387.1 1378. 4 13<.5. 2 1352   2 13)9.6 1)27, ) 1315  4 1304  0 129). 0 12H2.6 1272,8 1263,6 1254   7 124»  2 

ftS  0 1416  0 1407  2 1)9). 8 i)eo,7 1)68.0 1)55   5 1)4). 5 1)32  0 1)20   9 1)10   ) i)00,4 1290  9 1281   9 127), ) 
91.0 144)  4 1434  6 1421. 1 1407,9 1)95. 1 1)82, 5 1)70,4 1358,8 1)47.6 1)36   o 1)26   9 1)17   ) 1)08, 1 1299  4 
94. 0 1469. 7 1460,8 1447.2 1434   0 1421   1 1406.5 1396. ) 1384  6 1)7)   ) 1362   7 1352.6 1)42   9 13)3 6 1324.8 

97.0 1495  2 1486   ) 1472,7 1459, 5 1446.6 1433,9 1421.7 1410  0 l)«S   7 1387  9 1)77.8 1)68, 1 1158.7 1349  9 
100.0 1520,4 1511   5 1497   9 1484   o 1471.7 1459. I 1446   9 I4S5   1 142)   9 141)  0 1402   9 1)93  2 1383  9 1375, 1 
105.0 1562   I 154'   2 1539.6 1526   3 1513   3 1500,7 148 '. 5 ',476  7 1465  4 14 54   6 1444.4 14?4   7 1425  4 1416  6 
110  0 1605.6 li.*   7 1581. 1 1^.7.8 1554.9 1542  2 15)0,0 1518  2 1506.9 1496.1 1485, ) 1475  6 1466.9 145»   1 

112.0 1620  2 1712   ) 1597. 7 1584.4 1571   5 1558  8 1546 6 1534.8 152)   5 1512.7 1 501   9 1492   2 1483, 5 1474.7 

TR 65-58, app b 
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Travel 1 imes (second«) 

Depth (kilo meten) 
Distance 
tdegrces ) Surface ii 97 160 224 288 351 415 479 542 606 673 735 797 

"■—   '   ■■   
0 21.0 !6 0 15. C u.o 11.0 11.0 U.O 11.0 U.O 11.0 u.o U.O U.O U.O 

0. 5 J4   0 29 0 28.0 24   0 24   0 24   0 24.0 24   0 24.0 24   0 24.0 24.0 24.0 24  0 

1. 0 47   0 42.0 41.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 

3. 0 98.0 93.0 92.0 88.0 88.0 88. 0 88.0 88  0 88.0 88.0 88.0 83.0 88.0 88,0 

S  0 148.0 143.0 142.0 138.0 138.0 138.0 138.0 138. ( 138.0 138.0 138  0 138,0 138.0 1 38  Ü 

7. 0 199.0 194  0 193.0 189.0 189.0 189.0 189  0 189  0 189.0 189.0 If 1.0 189,0 189. 0 189.0 

9. 0 250.0 24:.0 244.0 240.0 240.0 240.0 ■;4o. 0 240.0 240.0 240.0 240. 0 240.0 240.0 240.0 

11.0 300.0 295.0 294.0 290.0 290.0 290   0 290.0 290   0 290.0 290,0 290.0 290.0 293. 0 290.0 

13. 0 350 0 345  0 344.0 340  0 340.0 340.0 340   0 340.0 340.0 340.0 340.0 340.0 340.0 340.0 

15.0 400.0 395.0 394.0 390.0 390.0 390.0 390. 9 390, 0 390.0 390.0 390. C 390.0 390. 0 390.0 

18-0 475.0 469.0 467.0 463,0 463.0 463 0 463.0 463,0 463.0 463,0 463   0 463  0 463  0 463.0 

21,0 549, 0 :«3. o 540  0 539.0 539.0 539.0 539.0 539.0 539  0 5390 539.0 539.0 539.0 539 0 

24   0 622.0 616.? 613.0 6110 610,0 610.0 610,0 610.0 610   0 610  0 610.0 610. C olO.O 610.0 

27   0 695.0 689.0 686.0 683.0 681.0 68)   0 681, 0 681,0 681.u 681  0 681   0 68!   0 681,0 681   0 

30.0 766.0 760  0 755.? 751.0 748,0 746. 0 746.0 744, C 74.3.0 743. 0 743, 0 743.0 743.0 743.0 

33. 0 836.0 830  0 824.0 820 0 816  0 813.0 811. 0 810  0 807  0 805.0 805  0 80S. 0 805.0 605  0 

36   0 905.0 899. 0 892   0 887,0 8<.:.r 678,0 873.0 868.0 863.0 860.0 859  0 858.0 858.0 868.0 

39  0 972  0 966.0 958.0 950.0 943 0 936 0 929.0 923 0 917   0 913   0 909.0 907   0 907.0 907. 0 

■!2.0 1035.0 1029.0 1019 0 1010  0 1002.0 993 0 986.0 979  0 972.0 967 0 963.0 960.0 958.0 958.0 

45.0 1091.0 1085,0 1075.0 1067.0 1058,0 1048  0 1040.0 1032  0 1026.0 1019.0 1015.0 1010.0 1009.0 1008  0 

48  0 1144   ( 1136   0 1125.0 1114.0 1105 0 1095.0 1087   0 1078,0 1071.0 1066  0 1060.0 1056.0 1054.0 1053.0 

51   0 U95.0 1187   0 1176.0 1166  0 1156.0 1146 0 1138.0 1129.0 1122.0 1116.0 1110.0 1106 0 1103,0 1101,0 

54.0 1244   0 1256   0 1125.0 1215.0 1205.0 1195.0 1187.0 1178.0 1171   0 1165  0 1159.0 1155 0 1152   0 1150  0 

57.0 1293.0 1285  0 1274  0 1265.0 1254.0 1244   0 12 36.0 1227.0 "219,0 1213   0 1207.0 1202  0 1199  0 1196.0 

60.0 1340.0 1332.0 1321  0 1310.0 1300.1' 1290.0 1261   0 1272  0 1264   0 1257   0 1251   0 1246.0 1243  0 1240.0 

65.0 14j9.n 1411   0 1400.0 1389.0 1379.0 1369 0 1360.0 1351.0 1343.0 1336.0 1330.0 1325.0 1322.0 1319.0 

70   0 1496   0 1488.0 1477.0 1466.0 1456.0 1445.0 1436.0 1427  0 1419.0 1412   0 1405.0 1400   0 1396.0 1392   0 

75  0 1572.0 1565  0 1553.0 1542   0 1532  0 1521   0 1512   0 1503.0 1495.0 1488   0 1481.0 1476  0 1471.0 1467.0 

80. 0 1649.0 1641. 0 1629  0 1618.0 1608.0 1597.r 1588.0 1578  0 1570.0 1562   0 1556   0 1550  0 1544   0 1540  0 

85.0 1723.0 1715.0 1703.0 1(9... 0 1682.0 1671.0 1662.0 1652.0 1644   0 1636.0 1630.0 1624   0 1618. 0 1614.0 

90.0 1796  0 1788. 0 1776.0 1765  0 1754.0 174 3  0 1733.0 1724.0 1715. 0 1707   0 1700.0 1693  0 1688 0 1683  0 

95  0 1867.0 1859  0 1847.0 18J6.0 1825.0 1314   0 1804.0 1795.0 1786.0 1778  0 1771.0 1764.0 1759.0 1754   0 

100   0 1937.0 1929.0 1917.0 1905.0 1894.0 1883.0 1873.0 1863  0 1854.0 1846.0 1838.0 1831   0 1825.0 1820   0 

105  0 2006   Ü 1998.0 1986.0 1974.0 1963.0 1952   0 1942.0 1932.0 192 3.0 1915.0 1907   0 1900.0 1894   0 1889. 0 

110 0 2074.0 2066.0 2054.0 2042   0 2030.0 2019 u 2009. 0 1999.0 1989 0 1981.0 1973.0 1966  0 1959.0 1953  0 

115.0 2140.0 2132  0 2120.0 2108,0 2096  0 2085.0 2075.0 2065  0 20,. 5.0 2047.0 2039.0 2032   0 2025.0 2019. 0 

120.0 2205.0 2197.6 21B4   0 2172   0 2161.0 2150.0 2139.0 2128  0 2118.0 2109   0 2101,0 2093.0 2086.0 2080.0 

125.0 2269.0 2261.0 2248.0 2236.0 2225  0 2214   9 2203.0 2192   0 2182.0 2173.0 2165.0 2157.0 2150   0 2144.0 

130   0 2331.0 2323.0 2310.0 2298  0 2286.0 2275  0 2264   0 2253.0 2243.0 2234.0 2225.0 2217.0 2210.0 2203  0 

I 35.0 2302.0 2 384.0 Z371.0 2359.0 2347,0 2336.0 2325.0 2314   0 2304.0 2295. 0 2286.0 2278.0 2271,0 2264.0 

140   0 2451.0 2442.0 2430.0 2417   0 2405,0 2394   0 2383  0 2372.0 2362.0 2353.0 2344.0 2 336   0 2328  0 2321.0 

145.0 2509, 0 2500.0 2488,0 24''j. 0 2463.0 2452. C 2441   0 2430.0 2420 n 2411   0 2402.0 2394.0 2386.0 2379. 0 

150.0 2565,0 2556.0 2544  0 2531.0 2518  0 2507.0 2496.0 2484.0 2474.0 2464.0 24?5.0 2446.0 24 38.0 24 30.0 

155  0 2620,0 2611. 0 2599.0 2586  0 2573  0 2561.0 2S50.0 2538  0 2528.0 2518  0 2509  0 2500  0 2492.0 2484   0 

160.0 2673.0 2664  0 2651.0 263«  0 2626.0 2614.0 2602.0 2591.0 2580   0 2570   0 2561   0 2552  0 2544.0 ZM5. 0 

165.0 2725. U 2716  0 270 5 0 2690.0 2678  0 2666   0 2654   0 2643  0 2632   0 2622   0 2613.0 2604,0 2596.0 2587.0 

170   0 2775.0 2766 0 2753.0 27.'0 0 2727.0 2715.0 2703   0 2692   0 2681   0 2671   0 2661   0 2652.0 2643   0 ' ,35  0 

175  0 282 3.0 2814   0 2801.0 2788  0 2775.0 2763. 0 2751,0 2740   0 2729  0 2719  0 2709.0 2700  0 2691   0 2783  U 

180   0 2869  0 2860  0 2847.0 2854  0 2821   0 2808  Ü 2796  0 2785  0 2773  0 2763  0 2753.0 2743  0 2734.0 2726.0 

185.0 2913.0 2904   0 2891   C 2878  0 2865  0 2852 0 2840.0 2829.0 2B17  0 2807,(1 2797   0 2787   0 2778  0 2770. 0 

TR 66-58, app 6 -11 
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APPENDIX 7 to TECHNICAL REPORT NO.   65-66 

TABLES SHOWING DISTRIBUTION OF MAGNITUDES OF EVENTS 
LOCATED BY THE USC&GS 1 FEBRUARY 1963 
 THROUGH 30 SEPTEMBER 1964 
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APPENDIX 8 to TECHNICAL REPORT NO.   65-58 

SUMMARY OF ROUTINE MICROSEISMIC NOISE DATA 
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Figure 7.    Probability of micros eis ms in the 0.4-1.4 second period range 
occurring at or less than the indicated amplitude and at the indicated 

period; BMSO,  March 1964 through February 1965 
(Contour interval = 2.5 percent) 
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Figure 9.    Probability of microseisms in the 0.4-1.4 second period range 
occurring at or less than the indicated amplitude and at the indicated 

period; UESO,  March 1964 through February 1965 
(Contour interval = 2.5 percent) 

TR 65-58,  app 8 -21 


