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ABSTRACT 

The technical activity associated with the operation, 
maintenance, and improvement of the Montana Large Aperture Seismic 
Array (LASA) during the period 1 March - 31 May 1972 is related 
in this report.  The short-period (SP) and long-period (LP) seis- 
mograph sensitivity performance statistics are indicated.  Per- 
formance data on the SP seismometer and the SP and LP seismic 
amplifiers are presented.  A ne-v method of seismograph calibration 
using pseudo-random binary sequences (PRBS) and the development 
of a PDP-7 program to provide an LP PRBS input to the LP seis- 
mograph are described.  Removal dates for the array's microbaro- 
graph sensors are given.  Statistics relating to the operation 
and maintenance of the array and data center equipment and land 
facilities support are provided. 
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SECTION I 

INTRODUCTION 

This report presents the accomplishments and adminis- 
tration of Contract Number F33657-72-C-0390.  This contract between 
the Philco-Ford Corporation and AFSC Aeronautical Systems Division 
is for continued operation, research, anJ development of the 
Montana Large Aperture Seismic Array (LASA). 

The LASA is part of the Vela Uniform Program which is 
sponsored by the Advanced Research Projects Agency (ARPA) of the 
Department of Defense.  LASA is an experimental system consisting 
of many seismometers installed near Miles City, Montana, (Figure 
1.1) used for the development of appropriate methods for the 
detection and identification of seismic events.  Initially, the 
detection, location, and identification of seismic data were per- 
formed at the LASA Data Center (LDC) located at Billings, Montana. 
However, subsequent to implementation of the Integrated Seismic 
Research Signal Processing System (IRSPS), the array data is now 
transmitted to the Seismic Array Analysis Center (SAAC) in 
Alexandria, Va., for processing and analysis. 

1.1      History 

The LASA, installed in Eastern Montana during 1964 and 
1965, is used for experiments in advanced seismological detection 
and discrimination.  The initial installation, composed of 21 sub- 
arrays geometrically placed at a diameter of 200 kilometers with 
525 short-period and 63 long-period seismometers, has evolved into 
the present array with the original 21 subarrays reduced to 347 
short-period seismometers and 51 long-period seismometers. 

Philco-Ford's participation in the Montana LASA began in 
1964 by providing MIT Lincoln Laboratory with field engineering 
assistance.  In June 1966, Philco-Ford assumed operational and 
maintenance responsibilities for MIT Lincoln Laboratory.  On 
1 May 1968, the project direction was transferred to the Electronics 
Systems Division, AFSC, with prime contracts to Philco-Ford through 
30 November 1970. 

On 1 December 1970, technical direction of the Montana 
LASA was assigned to the Vela Seismological Center (VSC). Under 
Projects V/T 1708 and V/T 2708 Philco-Ford continues the work of 
previous Montana LASA projects. This work basically involves the 
continued operation and maintenance of the array and data center 
systems, logistics and administrative support, data provision, and 
hardware evaluation and installation. 

. 
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1.2      Description 

The LASA with an overall diameter of 200 kilometers 
(124 miles) is composed of 21 subarrays arranged as shown in 
Figure 1.1.  With the exception of subarray E3 which is 19 km in 
diameter, all subarrays are 7 km in diameter.  Subarray E3 is 
configured with 25 short-period seismometers while others now have 
16.  All suoarrays originally were designed with 25 seismometers 
each, however, programmed sensor removal has now lowered this 
number to 16 except E3.  The short-period seismometers are located 
along six radial cables which terminate in a central under-ground 
vault containing the Subarray Electronics Module (SEM).  The sub- 
arrays also contain three-component long-period sensors, and weather 
sensors.  Figure 1.2 shows the present configuration of each sub- 
array. 

The LDC controls the array operation by sending a command 
signal to each SEM at a rate of twenty times each second to cause 
sampling of the subarray signals.  This command signal is suitably 
delayed at the LDC prior to transmission so that data from all 
SEM's will arrive at the LDC within predetermined time intervals. 

The SEM responds to LDC timing system control signals 
with signal sampling, conversion, and transmission of all data to 
the LDC.  Flexibility exists within the array in that the SEM can 
accomodate as many as 30 signal inputs; currently, signals from 21 
SEM's are transmitted to microwave junction points by open wire 
lines at a 19.2 kilobaud rate; from these points they are sent to 
the LDC by microwave radio facilities.  At the LDC the data are 
processed and reformatted for transmission over a 50 kilobaud chan- 
nel to SAAC.  The LDC also contains the array timing and maintenance 
monitoring equipment.  By means of telemetry commands, signal 
sources at the subarray are controlled to provide equipment cali- 
brations and verify equipment performance. 

The different LASA seismographs operating parameters and 
tolerances are identified in Tables I and II,  Figure 1.3 shows 
the five different seismograph responses available. 



I » 

f 4-j/20W^ 

^Notes 
1. SP Sensors removed from leg 1 because of access difficulties 
2. 0 denotes near surface SP sensors 
3. Expanded subarray. 18 km diameter 
4. SP sensor inoperative and lost in cased hole 

All degrees shown are orientations with respect to true north 
The letters LP, M, and W denote long period seismic, microbaro- 
graph, and weather sensors installed at the center of the sub- 
array.  Microbarograph data was not available for transmission 
to SAAC after March 24, 1972. 

Figure 1.2 LASA Subarray Configurations 
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Figure 1.3 LASA Seismographs Response Curves 



SECTION II 

SUMMARY 

The array operation, maintenance, and system improve- 
ment activities at the Montana LASA continue to reflect increased 
effort directed towards achieving efficient seismic array oper- 
ation.  The array operation support provided to SAAC via the LDC 
computers which totaled 94.4% for on-line data transmission and 
o.b% for back-up recording is detailed. 

The results of the array monitoring and remote cali- 
brations performed are indicated.  The array seismograph channel 
sensitivities averaged over the 92 day period were 20.5 mV/nm at 
Is and 358.4 mV/ßm  at 25s for the short and long-period channels 
respectively.  The sensitivity variation from channel to channel 
continues to show improvement over the previous spring period for 
both seismograph systems.  Investigation of the performance of 
individual LP seismograph channels has been added to the SP seis- 
mograph study initiated last quarter.  Amplitude stability of a 
large majority of the channels show performance within ±  2  mV/nm 
at Is for the SP channels and within ± 35 mV/ßm  at 25s for the 
LP channels.  Performance data on the SP seismometers (natural 
frequency, damping, and output) and the SP and LP seismic amplifiers 
(gain and gain stability) are presented. 

A new technique using pseudo-random binary sequences 
(PRBS) to provide a broad band seismograph calibration is de- 
scribed together with a new PDP-7 program (LPRPG) and a SEM con- 
trol drawer modification to permit application of an LP PRBS input 
to the LP seismometers. 

The microbarograph sensors and instrumentation have all 
been removed from the array; the removal dates are given. 

Maintenance activity and equipment failure statistics 
are presented.  The array equipment aging study has shown that the 
replacements and repairs necessary to offset the effects of equip- 
ment aging on the array can be readily handled with very little 
cost by the on-going array maintenance programs. 

Preceding page blank 



SECTION  III 

OPERATION 

3.1 General 

Array operation is performed to provide data continuously 
from the array sensing and data acquisition systems to the LDC, 
to provide data on-line from the LDC to the SAAC, and to provide 
data recording in the event data transmission to SA\C  is interrupted, 

3.2      Data Center 

The LASA Data Center (LDC) contains the equipment neces- 
sary to process the seismic array data either for transmission to 
SAAC or for recording locally.  The activities in support of the 
LASAPS and other data center systems include:  (1) IBM 360/44 com- 
puter operation on-line to SAAC, (2) PDP 7 computer operation to 
record array data in back-up of the 360 computer and to perform 
array monitoring, automatic calibrations, and off-line processing 
of array performance information, (3) maintenance display console 
operation for test and diagnosis of array equipment performance, 
(4) tape and film library operation for storage, handling, and 
shipment of array data recordings, (5) Develocorder operation for 
continuous recording of selected sensor channels for the Seismic 
Data Laboratory (SDL) and array quality control testing and analysis, 
and (6) telemetry link operation for continuous on-line data 
transmission of selected seismograph channels to MIT for data analy- 
sis . 

3.2.1    SAAC/LDC Systems 

Operation of the real-time data link between the SAAC and 
LDC so that a maximum amount of useful seismic data from the Montana 
array reaches SAAC for analysis is one of the main goals of our 
data center's operation.  Monitoring of the SAAC/LDC operation 
during this quarterly period produced the operational statistics in 
Table III.  Three operational modes which cause the outages shown 
are:  (1) the SAAC computers are not available for LASAPS data 
acquisition, (2) the LDC Model 44 computer is not available for 
processing LASAPS data, and (3) the wideband communications channel 
between the LDC and SAAC is not in operation.  These outage times 
are covered with digital recordings of the LASA data by the PDP-7 
computer; however, no real time data is available at SAAC.  Periods 
in which LASAPS data was not used in the IRSPS operation at SAAC 
totaled 125.4 hours so that for 94,37% of this reporting period 
the SAAC/LDC systems operated together.  The wideband data link 
between the two centers was inoperative 24.0 hours or 1.09% of the 
period. 
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TABLE III 

SAAC/LDC SYSTEM OPERATING TIMES 

March 72 - May 72 

MARCH APRIL MAY TOTAL 

SAAC & LDC 360 On-Line 706.9 674.5 701.2 2082.6 

SAAC Off-Line, LDC 160 Running 

PDP-7 Recording 
360 Training 

34.0 
0.6 

28.7 
0.4 

30.5 
0.0 

93.2 
1.0 

SAAC Up, LDC 360 Down, 
PDP-7 Recording 

Scheduled 
Unscheduled 

0.7 
0.2 

2.1 
0.4 

3.8 
0.0 

6.6 
0.6 

SAAC Up, Other Equipment 
Down, PDP-7 Recording 

Scheduled 
Unscheduled 

0.0 
1.6 

0.0 
13.9 

0.0 
8.5 

0.0 
24.0 

Totals (in hours) 744.0 720.0 744.0 2208.0 
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3.2.2 IBM/360 Model 44 Computer 

The IBM/360 computer, the LASAPS data processor, was 
fully operational at the LDC for 99.62% of this quarter.  The com- 
plete computer utilization statistics are given in Table IV.  On- 
line processing time equalled 94.30% of the period.  Maintenance 
activities used 6.6 hours or 00.30% of the available time. 

3.2.3 DEC PDP-7 Computer 

The DEC PDP-7 computer was fully operational for data 
center processing 98.39% of this quarter of which on-line pro- 
cessing accounted for 81.21% off-line 17.18%.  The complete summary 
of computer utilization statistics are shown in Table V.  The 
back-up operating mode of high-rate recording (Ref. 1) was required 
on 112 occasions covering an accumulated time period of 131.5 hours. 
During this operation 999 magnetic tapes were recorded by the com- 
puter on 57 of the 92 days of this reporting period.  Low rate re- 
cordings totaling 1046.8 hours were also made.  Both low rate and 
high rate recordings are retained at the LDC for at least 30 days 
of recycle time prior to reuse. 

3.2.4 Analog System 

Two Geotech Model 4000 Develocorders are operated at the 
LDC.  One is used to support data analysis work at SDL and the 
other to support array maintenance by providing a means to display 
various sensor outputs during different intervals of time.  The 
SDL Develocorder is operated 24 hours a day and each film record 
is scanned in the film viewer to determine the quality of the film 
record and provide a log of occurrences which affect the quality 
and usability of the film record. 

3.2.5 Tape/Film Library 

The data center's library is used to store the PDP-7 com- 
puter magnetic tape recordings, the 360 computer disc recordings, 
and the Develocorder film recordings (prior to distribution) for 
reuse or reference.  As of May 31, PDP-7 high-rate back-up re- 
cordings dating back to 7 April 1972 were in the library awaiting 
request or recycling.  The library of back-up recordings presently 
contains 553 tapes.  During this period there were no tapes returned 
from SAAC and 70 faulty tapes were disposed of. 

The library use statistics for this quarter are: 

999 PDP-7 high rate format tapes retained for 
recycling. 

428 PDP-7 high-rate format tapes distributed to SAAC. 

3 PDP-7 high-rate format tapes distributed to 
Lincoln Laboratory 

13 
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TABLE IV 

SYSTEM/360 MODEL 44 COMPUTER UTILIZATION 

March 72 - May 72 

OPERATION 
1 ACCUMULATED TIME. HOURS   ! 
MARCH APRIL MAY TOTAL 

On-line processing including: 

Fully operational with SAAC 706.9 674.5 701.2 2082.6 
Running at LASA only 34.0 28.7 30.5 93.2 

Down-time operating including: 

Scheduled maintenance 0.7 2.1 3.8 6.6 
Corrective maintenance 0.0 0.0 0.0 0.0 
Training 0.6 0.4 0.0 1.0 
Shut down - 360 equipment 0.0 0.0 0.0 0.0 
Shut down - other equipment 1.6 13.9 8.5 24.0 
Program halt or loop 0.2 0.4 0.0 0.6 
Idle time 0.0 0.0 0.0 0.0 

Totals 744.0 720.0 744.0 2208.0 

14 
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TABLE V 

PDP-7 COMPUTER UTILIZATION 

March 72 - May 72 

OPERATION 

On-line program operation 
including: 

Monitor & Weather Processing only 
VLR Recording only 
High Rate Recording only 
Low Rate Recording only 
VLR & High Rate Recording 
VLR & Low Rate Recording 
VLR & High & Low Rate Recording 
High & Low Rate Recording 

Off-line program operation 
including: 

Tape Duplication & Verification 
Data Analysis 
Utility Operation 
Program Development 
Diagnostic Programs & Testing 
Training 

Down-time operation including: 

Scheduled Maintenance 
Corrective Maintenance 
Shut down PDP-7 Inoperative 
Shut down - Other Equipment 
Program Halts 
Idle 

Totals 

ACCUMULATED TIME. HOURS 
MARCH APRIL  MAY 

58.5 
154.7 
9.8 

83.0 
28.1 

268.6 
0.0 
1.0 

6.4 
0.0 

24.5 
102.1 
0.0 
0.0 

0.0 
0.0 
0.0 
0.1 
2.9 
4.3 

744.0 

214.4 
7.5 

30.9 
299.6 

0.0 
0.0 
0.0 
16.9 

0.0 
0.8 
8.2 

113.6 
0.5 
0.0 

2.0 
9.3 

16.3 
0.0 
0.0 
0.0 

720.0 

216 
0 

25 
349 

0, 
9. 
0. 

18. 

0.0 
0.0 
13.4 

105.1 
4.8 
0.0 

0.0 
0.0 
0.0 
0.6 
0.1 
0.0 

744.0 

TOTAL 

489 
162 
66 

731 
28 

277.8 
0.3 

36.5 

6.4 
0.8 

46.1 
320.8 

5.3 
0.0 

2.0 
9.3 

16.3 
0.7 
3.0 
4.3 

2208.0 
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823 PDP-7 low-rate format tapes retained for 
recycling 

20 PDP-7 very low-rate tapes distributed to the 
Dallas Seismological Observatory 

92 Develocorder film distributed to SAAC 

3.3      Array 

Array operations functions performed include (1) moni- 
toring of all array systems to detect equipment and data degrada- 
tion, (2) testing of all array systems to measure equipment per- 
formance characteristics, (3) interfacing with telephone company 
personnel to determine communications equipment performance, and 
(4) processing of array maintenance and operation data to obtain 
statistics and information for efficient array management.  These 
tasks are performed utilizing the PDP-7 computer, the maintenance 
display console, and the Develocorders.  The overall system quality 
control efforts are applied through these activities, 

3.3.1    Monitoring 

Array monitoring refers to the sensing of performance 
of the operational equipment through the measurement of equipment 
characteristics on an essentially continuous basis.  At the LDC 
continuous monitoring of the array systems is accomplished using 
the built-in data monitors, viz. (1) the MDC alarm monitor panel, 
(2) the PDP-7 monitor program and (3) the 360 computer's on-line 
system.  The MDC alarm monitor panel provides instantly both a 
visual and audible indication at the occurrence of either a data 
link failure between the LDC and a subarray or an alarm signal of 
subarray power and vault failures transmitted on telemetry word 
31.  The PDP-7 monitor program outputs each telemetry word 31 data 
change from any subarray and also prints out the duration of sub- 
array data interruptions.  The 360 computers on-line system pro- 
gram periodically generates a variety of monitoring messages. 

Operation and maintenance of the array equipment requires 
that the data be interrupted at various periods, during which time 
normal or reliable data may not be available to the LASA data user. 
The reasons established for data interruptions are: maintenance, 
either being performed or initiated; subarray equipment failure in 
which no maintenance has been initiated; telephone company(s) per- 
forming tests on the communication link not functioning; power 
outage at the subarray; or special data center testing.  In the 
event any of these situations occur, a notation is made in the data 
interruption log relating to the data affected and the time period. 
For the case of short-period and long-period interruptions, SAAC 
is alerted via the System 360 typewriter.  The total duration of 
data interruption reported for each subarray is broken down by 
month in Table VI, 

16 



TABLE VI 

SUBARRAY DATA INTERRUPTION OUTAGES 

SUB 
ARRAY DATA 

TOTAL TIME DURATION OF DATA INTERRUPTIONS 
(HOURS:MINUTES) 

MAR. APR. MAY tOTALS 

AO SP 
LP 
Meteor 
Telco 

0:0 
0:0 
0:0 
0:0 

2:10 
2:10 
2:10 
0:0 

9:58 
9:58 
9:58 
3:37 

12:08 
XJ:08 
12:08 
3:37 

Bl SP 
Telco 

0:0 
0:0 

3:52 
0:0 

5:42 
2:35 

9:34 
2:35 

B2 SP 
Telco 

0:0 
0:0 

3:52 
0:03 

0:0 
0:59 

3:52 
1:02 

B3 SP 
Telco 

1:51 
0:0 

0:0 
0:0 

0:0 
1:12 

1:51 
1:12 

B4 SP 
Telco 

0:0 
1:00 

0:0 
0:16 

0:0 
0:35 

0:0 
1:51 

Cl SP 
LP 
Telco 

0:0 
0:0 
0:0 

0:21 
0:21 
0:0 

0:10 
0:10 
0:35 

0:31 
0:31 
0:35 

C2 SP 
LP 
Telco 

3:14 
3:14 
0:0 

0:10 
0:10 
0:0 

0:0 
0:0 
2:33 

3:24 
3:24 
2:33 

C3 SP 
LP 
Telco 

4:42 
0:40 
0:0 

3:10 
0:10 
0:21 

0:0 
0:0 
3:23 

7:52 
0:50 
3:44 
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TABLE VI 

SUBARHAY DATA INTERRUPTION OUTAGES (CONTINUED) 

SUB 
ARRAY DATA 

TOTAL TIMI : DURATION OF DATA INTERRUPTIONS 
(HOURS:MINUTES) 

MAR. APR. MAY TOTALS 

C4 SP 
LP 
Telco 

0:0 
0:0 
0:0 

17:19 
17:19 
0:0 

0:0 
0:0 
5:05 

17:19 
17:19 
5:05 

Dl SP 
LP 
Telco 

0:0 
0:0 
0:0 

1:38 
2:43 
0:0 

20:13 
20:13 
0:45 

21:51 
22:56 
0:45 

D2 SP 
LP 
Telco 

5:21 
5:21 
0:0 

1:09 
1:09 
0:0 

0:22 
0:22 
1:30 

6:52 
6:52 
1:30 

D3 SP 
LP 
Telco 

0:0 
0:0 
0:0 

0:0 
0:0 
0:0 

3:27 
3:27 
0:29 

3:27 
3:27 
0:29 

D4 SP 
LP 
Telco 

0:0 
0:0 
0:0 

0:49 
0:49 
1:28 

0:0 
0:0 
1:15 

0:49 
0:49 
2:43 

El SP 
LP 
Meteor 
Telco 

0:0 
0:0 
0:0 
0:50 

4:42 
4:42 
4:42 
17:38 

10:48 
10:48 
10:48 
17:24 

15:30 
15:30 
15:30 
35:52 

E2 SP 
LP 
Meteor 
Telco 

0:0 
0:0 
0:0 
0:0 

0:50 
0:50 
0:50 
0:58 

8:58 
8:58 
8:58 
1:30 

9:48 
9:48 
9:48 
2:28 

18 



-'.!:«iW!M.»illi.^ 

TABLE VI 

SUBARRAY DATA INTERRUPTION OUTAGES (CONCLUDED) 

  

[TOTAL TIME DURATION OF DATA INTERRUPTIONS] 

SUB 
(HOURS:MINUTES)            i 

ARRAY DATA MAR. APR. MAY TOTALS 

E3 SP 0:0 3:26 0:0 3:26 
LP 0:0 3:26 0:0 3:26 
Telco 0:0 9:27 2:04 11:31 

E4 SP 0:0 11:45 0:0 11:45 
LP 0:0 11:45 0:0 11:45 
Meteor 0:0 11:45 0:0 11:45 
Telco 0:0 2:46 15:30 18:16 

Fl SP 0:0 1:42 0:0 1:42 
LP 0:0 1:42 0:0 1:42 
Meteor 0:0 1:42 0:0 1:42 
Telco 0:0 0:0 2:20 2:20 

F2 SP 0:0 0:0 15:47 15:47 
LP 0:0 0:0 15:47 15:47 
Meteor 0:0 0:0 15:47 15:47 
Telco 0:0 0:0 1:00 1:00 

F3 SP 2:16 0:0 3:46 6:02 
LP 2:16 0:0 3:46 6:02 
Meteor 2:16 0:0 3:46 6:02 
Telco 0:0 0:0 1:31 1:31 

F4 SP 0:0 0:0 0:0 0:0 
LP 0:0 0:0 0:0 0:0 
Meteor 0:0 0:0 0:0 0:0 
Telco 1:00 4:38 1:14 6:52 
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3.3.2 Calibrations 

Array calibrations refer to the performance sensing of 
oremo?r*

ti0nal ^uiPment trough the periodic measSremen? of one 
Sal?? Jor^ir!^ faractristics-  Calibrations are performed 
nPriL =L   short-period seismographs and weekly for the long- 
?ween thrLS?ganShLfH0m l**  LDC"  The co^nicatLns links bef 
for ?he set of ^i«? Subarray P^ovide the connection necessary 
condition of Ih!«!"?*^ coramand (TO controls from which the 
Calibra??on of ! vari?u! e(lulPment ™ay be determined remotely. 
T? Ofi ?^ ?K  t  c°mPlete seismograph channel is provided by 
TC-06 for the short-period system and TC-20 for the lomr-oeriod 

ar'e s'hown^n^h?11^1 re*P°™**  to these sinusoidal cfl?bra??ons 
?dLi?an J« Table VII  where A (volts) is the analog value, A 
(digital) is the digital value in decimal, and Y is the corres 
ponding equivalent earth motion. " y is tne corres- 

+ OVM • K ^ I?hen the measured responses exceed the tolerances es- 
ported  The'renSr^H1^ S^??61' an *^****  failure tl re~ 
?« H?«; It *,POrb   the Defective Signal Channel Status 
nLa+f: i? ?d e^Ch Week to authorized agencies.  Table VIII in- 
fur-l ^t  incidence of defective channels detected during the 
three-month period for the three types of array channels 

The precise times in which array calibrations occur ar^ 
prltrll  ^u^oif leAfr0m T ^:7 coraPuter's MOPS on-JJne^onit"6 program output.  A report of these times for this quarterlv neriod 

PorS?hr.Hin rableI5 and X for the SP and LP se^s respectively 
shown L^abi;^1^ calihrations only one calibration time is  y" 
?hP rnr  TH  

IXf0^ each week; the daily times are available at 
s^na?s'to ?hpT1ValenI earth m0ti0n of the  calibration input signals to the seismometers are also shown in the two tables 

mentTdurin^hP "^T j8 dete^^  ^o« SEM channel sSmeasure- 
ou?nut of ?L   callhration times.  SEM channel 30 monitors the 

ap^^dlo^Se^e^S^er080111^^8 WhlCh ^^  the si^als 

of the lon£^ 

coZullr'     Ufinf the aPProPriate telemetry lommlnTs,   the POP-? 
ad^stmLrof^VxV Weekly baSiS both the measurement anS adjustment of each LP seismometer position.  Program MASPOS main 

pSsiti^n   Siii?^16^^88 t0 Within ^^ ^ ^om Ufeederain" position  Similarly, the seismometer natural frequencies are 
nuih^^K0 Within 20 * 1 sec/cy^e by program ?REECK  ?he 
shoSn in TabffvT??0^ adJ^tments performed for each subarray is 
the onJof ?.? Vni Where the entities in parenthesis indicate 
the out-of-tolerance measurements of seismometer mass position (118^ 
and free-period (24) which were corrected remotely by teleme??y  ^ 
ItuZ  instance the E/W seismometer at subarray C2 coufd not be 

ac'ti^nlo'^c^ie'r^0"1 '^ LDC and reqUired 0n-Site -intenance'6 
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TABLE VIII 

INCIDENCE OF DEFECTIVE SUBARRAY CHANNELS 

March 1972 - May 1972 

SUBARRAY 

CHANNELS                ] 

SP LP METEOR 

AO 3 1 (8) 0 

Bl 4 - - 

B2 3 - - 

B3 2 - - 

B4 1 - - 

Cl 1 5 (9) - 

C2 3 0 (13) - 

C3 3 0 (11) - 

C4 2 0 (3) - 

Dl 5 0 (9) - 

D2 3 0 (9) - 

D3 1 0 (6) - 

D4 3 0 (10) - 

El 1 0 (7) 1 

E2 2 2 (7) 0 

E3 3 0 (7) - 

E4 6 0 (11) 0 

Fl 3 1 (10) 0 

F2 4 0 (11) 0 

F3 6 0 (6) 0 

F4 1 0 (5) 0 

TOTALS 60 9 (142) 1 
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3.3.3    Communications 

The interface between array and data center provided by 
the communications systems plays an important part in the success 
of the array operation.  Determination of data interruptions due 
to telephone circuit outages is one responsibility of the LDC 
operations activity.  All outages reported by data center personnel 
are assigned a ticket number to aid in accounting for and identi- 
fying of the data interruption.  Weekly meetings are held with 
the telephone company, viz., Mountain Bell and Mid-Rivers, per- 
sonnel to review and describe all outages. 

For the period between March and May 1972, the communi- 
cations outages which exceeded a two-hour duration and the reasons 
attributed to the outages are listed in Table XI,  Wind and rain 
storms in the array were the chief source of circuit outages. 

Of interest are the outages shown for subarrays El and 
F4 which are still under investigation.  In addition to the times 
listed, several short duration outages have occurred at these 
subarrays.  Due to the intermittent nature of the outages, mainte- 
nance diagnosis has been difficult both on the part of the LASA 
and the telephone companies crews.  The trouble has been observed 
most frequently at subarray El.  Here, the SEM output multiplexer, 
and MODEM assemblies have been replaced and installed in other 
subarrays to help locate the trouble source.  Filters and other 
telco equipment have also been exchanged.  To date, however, no 
success has been achieved in eliminating this intermittant trouble. 
This trouble indicates the problems involved in isolating inter- 
mittent troubles which occur in the commun' ^ations circuits between 
the subarrays and the data center. 

3.4      Logistics 

The logistics activity of the Montana array supports the 
operation and is dividffifl into purcha ing, property, and material. 
All operations were supported with ; minimum of equipment down 
time.  Thirty-two purchase orders were released to effect continu- 
ous array operation.  The inventory presently contains 354 line 
items of property (IPE, STE, OPE).  This reflects a decrease of 42 
line items due to the incorporation of assembly items into end 
items on the EDP record system.  Approximately 1700 line items of 
material are maintained. 
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TABLE XI 

EXTENDED ARRAY DATA INTERRUPTIONS 

DUE TO COMMUNICATIONS OUTAGES 

DATE DURATION SITE REASON FOR OUTAGE 

04/10/72 4; 38 F4 Open wire trouble near subarray 

04/19/72 9:27 E3 Open wire lines crosses near sub- 
array 

05/05/72 2:20 Fl Open wire trouble near subarray 

05/09/72 2:59 AO Release for Telco maintenance 

05/17/72 2:05 El Storm in array 

05/17/72 2:05 E4 Storm in array 

05/19/72 3:05 El Storm in array 

05/19/72 3:05 E4 Storm in array 

05/19/72 3:35 C4 Storm in array 

05/20/72 2:00 E4 No trouble found; under investi- 
gation 

05/20/72 2:00 El No trouble found; under investi- 
gation 

05/25/72 2:06 E4 No trouble found; under investi- 
gation 

05/25/72 2:06 El No trouble found; under investi- 
gation 
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SECTION IV 

ARRAY PERFORMANCE 

4.1      Systems 

The overall performance measure applied to each of the 
array's sensor systems is the array data availability.  The per- 
centage of time the array systems are on-line providing quality 
data determine the value of this measure.  Data availabilities 
are calculated by combining the total subarray data interruption 
times shown in Table VI with the total sensor outage times re- 
ported on the Defective Signal Channel Status reports.  The data 
availabilities compared with those of previous periods are as 
follows; 

Previous  Previous 
2nd Quarter 2nd Quarter Contract 

SP 
LP 
Met 

Telephone circuit and power outages which affect all subarray sys- 
tems are not included in the percentages.  During this quarterly 
period the listed data availabilities were further reduced by 
0.23% by the telco outages. 

4.1.1    SP Seismograph 

The performance monitoring from the sinusoidal cali- 
brations of the 345 short-period seismograph channels during this 
three month period has indicated an average channel sensitivity of 
20.54 mV/nm at 1 second periods and an average standard deviation 
of 1.33.  A summary of the test results obtained each week is 
shown in Table XII where the statistics are compared with those 
of the previous contract and those of the previous March - May 
period.  The SP array maintenance programs continue to reflect 
increases in the amplitude stability of the SP seismographs.  This 
is further illustrated by the distribution of SP sensors within 
the ±15% sensitivity tolerance plotted in Figure 4.1.  This figure 
shows the weekly percentages of sensors within the tolerance since 
30 March 1970.  The cyclic variation that occurs with the seasonal 
temperature changes is increasingly more apparent. 

Measurement of the SP channel frequency response by sub- 
array continued with the collection of response data from 19 
sensors at five subarrays this quarter.  Shown in Figure 4.2 are 
the plots of the mean, the minimum, and the maximum responses of 
the SP sensors of the array as measured during the period 
May 19, 1970 through May 22, 1972.  These curves are calculated 
using equation 4-1 of reference 7. Values of A, i, and T were 
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TABLE XII 

SP ARRAY PERFORMANCE TESTING SENSITIVITY STATISTICS 

DATE 
NO. 

SENSORS 

SENS. 
MEAN 
raV/nm 

SENS. 
a 

mV/nm 

SENS. 
MAX. 
mV/nm 

SENS. 
MIN. 
mV/nm 

SENS. 
DEV. 
mV/nm 

3/6 342 20.32 1.53 25.34 12.68 12.66 

3/13 344 20.45 1.48 24.10 13.88 10.22 

3/20 341 20.64 1.38 25.08 12.95 12.13 

3/27 325 20.40 1.47 24,46 11.17 13.29 

4/3 339 20.42 1.46 23.76 11.22 12.54 

4/10 342 20.63 1.34 23.37 13.10 10.27 

4/17 342 20.61 1.30 25.16 10.47 14.69 

4/24 341 20.65 1.26 24.86 10.91 13.95 

5/1 341 20.70 1.25 25.19 11.25 13.94 

5/8 342 20.66 1.23 24.96 11.27 13.69 

5/15 342 20.54 1.21 25.88 16.22 9.66 

5/22 344 20.47 1.19 25.89 10.00 15.89 

5/29 343 20.56 1.21 25.13 16.45 8.68 

AVERAGE 325.23 20.54 1.33 24.86 12.43 12.43 

PREVIOUS 
2ND QTR. 
AVERAGE 338.4 20.7 1.82 26.9 9.9 17.0 

CONTRACT 
AVERAGE 334.23 20.38 1.46 24.17 13.44 10.73 

PREVIOUS 
CONTRACT 
AVERAGE 343.9 20.36 1.69 26.5 12.7 13.8 
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measured while Gc and M assumed nominal values.  Table XIII shows 
the average channel sensitivities for each of the 16 frequencies 
used in the frequency response measurement.   Individual plots 
are prepared to display the frequency response of each SP seis- 
mograph channel and to assist maintenance quality control in 
determining channel malfunctions (see Table XXVI). 

To determine the individual channel stability of the 
SP seismograph, 86 sensors were selected to receive special study 
(Ref. 2).  Six of the sensors were picked at random from subarray 
E3 and four were randomly sampled from each of the other 20 sub- 
arrays.  The sensitivities of each of these 86 channels since 
1 November 1971 have been obtained from the daily printout of pro- 
gram TESP.  At the end of each month a standard deviation of the 
sensitivity is calculated for each channel.  Table XIII summarizes 
this information. 

Assuming the distribution oi the sensitivity of an 
individual channel is normal or at least can be approximated by 
a normal distribution, Table XIV shows that in the large majority 
of cases the measured sensitivity of a channel will be within 1 
mV/nm of the mean sensitivity.  The variation in the percentage 
is attributed to two factors, viz. temperature variation and in- 
cidence of amplifier failures over the array during the month. 
This has not been verified yet; however, such analysis is a planned 
part of this study. 

The total number of SP seismograph channel outputs from 
the array has been reduced by one to 366.  The operation of one 
SP sensor was discontinued on April 18.  During maintenance at 
location C4-63 the seismometer was found to be lodged in the cased 
bore and could not be removed.  Installation of another seis- 
mometer on top of the defective one, as in the case of Fl-45, 
could not be done because of the seismometer cable broken about 
10-15 feet below the surface does not allow sufficient space in the 
5| inch hole. 

The 366 SP seismograph channels qriginate from 346 indi- 
vidual seismometers, twenty channels are attenuated outputs of 
twenty of the 346 seismometer locations.  Twelve of the 346 seis- 
mometers vary somewhat from the configuration of the initial LASA 
installation.  These are at subarray D2 where three channels are 
derived from a TD-202 Tri-Axial seismometer in hole 10, and three 
channels are from high level combination seismometer-amplifier 
sensors at holes 62, 23 and 46 and at subarray Dl where six chan- 
nels originate in near-surface seismometers at holes 52. 72 54  74 
65, and 56. ,,,.-., 

4.1.2    LP Seismograph 

The performance monitoring of the 45 standard LASA LP 
long-period sensors continued during the quarterly period follow- 
ing the procedures of the previous contract.  A channel sensitivity 
average of 358.39 mV/ßm  at 25s and a standard deviation of 14.77 
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TABLE XIII 

SP SEISMOGRAPH FREQUENCY RESPONSE MEASUREMENT DATA 

FREQUENCY HEF 

0 .15 

0 .20 

0 .30 

0 50 

0 70 

0. 80 

0.90 

1.00 

1.10 

1.20 

1.30 

2.0 

3.0 

4.0 

5.0 

6.0 

SENSITIVITY mV/nm 

0.0708 

0.183 

0.651 

3.10 

8.04 

11.5 

15.9 

20.0 

24.5 

29.1 

33.5 

60.5 

83.8 

105.6 

121.2 

63.4 
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is reported from these seismographs for the three month period. 
The weekly test results obtained are shown in Table XV where this 
quarter's statistics are summarized and compared with those of 
the previous contract and those of the previous December - 
February period. 

<-u    rr.        Plotted in Figure 4.3 is the percentage distribution of 
the LP sensors within the 350 ± 50 mV/^im sensitivity tolerance 
throughout the 18 month period starting 8 December 1970 through 
ol May 197^. 

<-v,~  A*    u  TO ?ete*:mine the channel stability of the LP seismograph 
the 45 channels of the 15 standard LASA-LP sensors are being 
studied individually.  Shown in Table XVI are the sensitivity 
statistics of the data collected each week of the 31-week period 
from 1 November 1971 through 31 May 1972.  The standard deviation 
of the channel sensitivity is used to measure the week-to-week 
variation or stability of the channel output to eleotromagnetic 
calibration.  The average of the 45 standard deviations calculated 
for the period is 11.53 mV/Mm or 11.5% of the ± 50 mV/^m tolerance. 
The best performance was obtained from the vertical channel of 
the C3 LP seismograph with a 4.59 raV/^im standard deviation.  The 
vertical channel at subarray Fl had a sensitivity standard devi- 
ation of 34.04 mY/ßm  for the poorest performance. 

4.2      Equipment 

The equipment within the array systems are being eval- 
uated on a continuing basis to identify their individual per- 
formance characteristics and to improve methods of detecting equip- 
ment malfunctions.  Progress of these evaluation efforts is re- 
ported in this section as information is collected and made avail- 
able for further analysis. 

4.2.1    SP Seismometer, HS-10-1A 

With the start of the spring season and access to the WHV 
locations, the SP array maintenance has begun,  in conjunction 
with the maintenance visits to the WHV locations, seismometer 
natural frequency and damping measurements are made.  Measurements 
were made at 39 sensor locations in four subarrays during this 
quarter.  The natural frequency data collected is tabulated in 
Table XVII where the measured value may be compared with the pre- 
vious frequency measurement.  These data have been combined with 
others collected from this measurement program to produce the 
frequency distribution shown in Figure 4.4.  The distribution of 
damping measurements is shown in Figure 4.5. 

Since seismometer natural frequency measurements are 
now being made routinely in conjunction with the SP array mainten- 
ance program, the status of this parameter throughout the array 
is becoming better known.  The tolerance allowed is ±  10%  so that 
all seismometers measuring 1.0 ±  0.1 hertz are considered to be 
operating satisfactory.  Figure 4.6 indicates the natural fre- 
quency status of the array. 

40 
i 

I 



TABLE XV 

LP ARRAY PERFORMANCE TESTING SENSITIVITY STATISTICS 

DATE 
NO. 

SENSORS 

SENS. 
MEAN 
mV/tim 

SENS. 
a 

mV/ßva. 

SENS. 
MAX. 
mV/]um 

SENS. 
MIN. 
mV/^ira 

SENS. 
DEV. 
mV/^m 

3/6 

3/13 

3/20 

3/27 

4/3 

4/10 

4/17 

4/24 

5/1 

5/8 

5/15 

5/22 

5/29 

45 

44 

44 

44 

45 

45 

45 

45 

45 

45 

45 

45 

45 

368.16 

368.20 

360.69 

361.91 

360.75 

358.77 

358.24 

356.82 

354.68 

355.57 

353.58 

350.88 

350.76 

16.00 

14.52 

18.17 

13.62 

14.28 

14.00 

14.22 

14.81 

11.90 

13.37 

14.86 

15.76 

16.03 

416.89 

407.42 

^03.98 

389.14 

387.44 

393.35 

385.65 

389.35 

375.94 

382.80 

398.19 

393.01 

408.70 

327.98 

338.38 

292.89 

330.51 

330.62 

330.10 

324.85 

328.97 

326.94 

323.82 

318.79 

311.30 

316.49 

88.91 

69.04 

110.09 

58.63 

56.82 

63.25 

60.80 

60.38 

49.00 

58.98 

79.40 

81.71 

92.21 

AVERAGE 44.76 358.39 14.77 394.76 323.20 71.56 

PREVIOUS 
2ND QTR. 
AVERAGE 44.3 364.3 17.3 408 325 83 

CONTRACT 
AVERAGE 44.81 362.98 16.28 406.61 326.99 79,63 

PREVIOUS 
CONTRACT 
AVERAGE 44.6 356.1 18.8 403 312 90 
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TABLE XVI 

LP CHANNEL SENSITIVITY STATISTICS, NOV '71 THRU MAY '72 

(All channels except Cl and C2) 

LP 
CHANNEL 

ENSITIVITY IN mv/um AT 25 SECOND PERIODS 1 

MEAN STD DEV MAXIMUM MINIMUM 
MAXIMUM 

DEV 

AO-V 366.71 21.28 428.82 333.01 95.91 

AO-N/S 376.89 13.83 407.42 354.69 52.73 

AO-E/W 352.48 10.26 369.42 330.56 38.86 

C3-V 364.26 4.59 373.58 355.32 18.26 

C3-N/S 384.53 12.08 424.68 368.21 56.47 

C3-E/W 366.67 10.52 382.07 342.36 39.71 

C4-V 348.53 6.26 356.42 334.74 21.68 

C4-N/S 352.15 12.47 411.02 335.81 75.21 

C4-E/W 338.51 12.18 396.47 326.74 69.73 

Dl-V 363.58 6.84 380.24 348.83 31.41 

Dl-N/S 356.90 9.42 r/6.15 327.38 48.77 

Dl-E/W 363.52 8.87 377.10 334.99 42.11 

D2-V 353.39 18.09 378.53 325.79 52.74 

D2-N/S 354.68 16.48 400.04 335.28 64.76 

D2-E/W 338.35 13.31 370.06 311.30 58.76 

D3-V 357.27 6.38 369.00 345.48 23.52 

D3-N/S 360.25 9.98 375.07 331.85 43.22 

D3-E/W 365.31 5.89 380.79 353.45 27.34 

D4-V 365.89 6.15 373.46 352.19 21.27 

D4-N/S 378.15 9.38 392.69 355.23 37.46 

D4-E/W 370.38 8.29 393.20 353.51 39.69 

El-V 377.28 13.18 405.01 328.80 76.21 

El-N/S 353.07 6.37 365.37 341.78 23.59 
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TABLE XVI 

CHANNEL SENSITIVITY STATISTICS, NOV '71 THRU MAY '72 
(CONCLUDED) v- 

(All channels except Cl and C2) 

LP 
CHANNEL 

1   CHANNEL SENSITIVITY IN mv/itm AT 25 SECOND PERIODS 1 

MEAN STD DEV MAXIMUM MINIMUM 
MAXIMUM 

DEV 

El-E/W 358.31 9.72 374.65 338.30 36.35 

E2-V 349.09 3.42 356.61 335.58 21.03 

E2-N/S 369.47 5.53 378.71 350.72 27.99 

E2-E/W 382.69 14.96 408.70 344.32 64.38 

E3-V 375.81 8.02 388.11 354.06 34.05 

E3-N/S 381.68 6.88 391.55 367.01 24.54 

E3-E/W 395.54 23.81 420.61 346.83 73.78 

E4-V 340.46 4.89 350.41 331.05 19.36 

E4-N/S 354.35 6.65 365.17 342.10 23.07 

E4-E/W 359.07 6.74 370.56 345.28 25.28 

Fl-V 370.65 34.04 423.08 292.89 130.19 

Fl-N/S 359.46 11.21 391.50 329.83 61.67 

Fl-E/W 380.65 28.50 411.70 341.28 70.42 

F2-V 362.00 12.17 373.24 306.41 66.83 

F2-N/S 366.40 10.00 378.95 347.66 31.29 

F2-E/W 364.52 16.98 380.43 288.52 91.91 

F3-V 359.09 4.69 373.29 353.28 20.01 

F3-N/S 349.95 7.58 364.31 327.98 36.33 

F3-E/W 370.27 17.76 379.86 280.44 99.42 

F4-V 337.11 22.46 352.47 231.63 120.84 

F4-N/S 351.77 7.72 364.80 329.01 35.79 

F4-E/W 358.32 9.84 372.77 341.47 31.30 
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TABLE XVII 

SP SEISMOMETER NATURAL FREQUENCY MEASUREMENTS 

MARCH  -  MAY   1972 

SUBARRAY 
SENSOR 

CURRENT 
fn 

HERTZ 

CURRENT 
DAMPING 
RATIO 

TO CRITICAL 

PREVIOUS 
fn 

HFRTZ 

CHANGE 
fn 

HERTZ 

AO-10 0.985 (5/72) 0.670 0.89 (9/70) +.10 (20) 

-61 1.055 (5/72) 0.677 0.99 (1965) +.07 (83) 

-72 0.97  (5/72) 0.677 0.88 (9/70) +.09 (20) 

-43 1.10  (5/72) 0.684 1.13 (9/70) -.03 (20) 

-54 0.90  (5/72) 0.701 New Seis. 

-65 1.10  (5/72) 0.677 1.11 (9/70) -.01 (20) 

-85 0.98  (5/72) 0.706 New Seis. 

-56 1.0   (5/72) - 1.12 (1965) -.12 (83) 

-76 1.055 (5/72) 0.653 1.12 (9/70) -.07 (20) 

C4-10 1.09  (4/72) - 1.20 (1965) -.11 (82) 

-41 1.10  (4/72) 0.662 1.14 (1965) -.04 (82) 

-61 1.07  (4/72) 0.667 1.09 (3/71) -.02 (13) 

-43 1.06  (4/72) 0.653 0.98 (1965) +.08 (82) 

-83 1.10  (4/72) 0.653 0.96 (1965) +14 (82) 

-54 0.92  (4/72) 0.662 0.98 (1965) -.06 (82) 

-74 1.08  (4/72) 0.662 1.09 (1965) -.01 (82) 

-65 0.96  (4/72) 0.653 1.12 (3/71) -.16 (13) 

-85 1.07  (4/72) 0.662 1.07 (3/71) .0  (13) 

-56 1.03  (4/72) 0.653 1.03 (3/71) .0  (13) 
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TABLE XVII 

SP SEISMOMETER NATURAL FREQUENCY MEASUREMENTS (CONCLUDED) 

MARCH - MAY 1972 

SUBARRAY 
SENSOR 

CURRENT 
fn 

HERTZ 

CURRENT 
DAMPING 
RATIO 

TO CRITICAL 

PREVIOUS 
fn 

HERTZ 

CHANGE 
fn 

HERTZ 

E4-10 0.97 (4/72) - 1.44 (196 -.47 (82) 

-41 1.03 (4/72) 0.662 1.12 (4/71) -.09 (12) 

-61 0.99 (4/72) 0.677 1.18 (4/71) -.19 (12) 

-43 1.05 (4/7?) 0.662 1.16 (4/71) -.11 (12) 

-63 0.97 (4/72) 0.653 1.16 (1965) -.19 (82) 

-83 1.10 (4/72) 0.653 1.05 (4/71) .0  (12) 

-54 1.10 (4/72) 0.670 1.07 (1965) +.03 (82) 

-45 1.04 (4/72) 0.653 1.02 (4/71 +.02 (12) 

-65 1.01 (4/72) 0.677 1.10 (1965) -.09 (82) 

F2-41 0.964 (5/72) 0.662 0.96 (1965) .0  (83) 

-52 1.027 (5/72) 0.690 1.04 (1965) -.01 (83) 

-72 1.10 (5/72) 0.677 0.97 (1965) +.13 (83) 

-63 1.04 (5/72) 0.662 1.06 (1965) -.02 (83) 

-83 1.03 (5/72) 0.662 New Seis. 

-54 0.932 (5/72 0.653 New Seis, 

-74 0.96 (5/72) 0.662 0,86 (6/71) +.10 (11) 

-45 1.10 (5/72) 0.653 New Seis. 

-65 1.085 (5/72) 0.653 1.15 (1965) -.06 (83) 

-85 0.962 (5/72) 0.670 0.97 (1965) -.01 (83) 

-56 0.963 (5/72) 0.690 0.88 (6/71) +.08 (11) 

46 



"• 

Mean=1.043 hertz 
No. Sensors 174 
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Seismometer Natural Frequency (hertz) 

Figure 4.4 SP Seismometer Natural Frequency Distribution, 1970-1972 

47 



■ 

o 
M 
H 
M 
« 
CJ 

o o H 
l-t 
H O 
< M 
OS H 

< g OS 
o Ü 
SB S5 w t-H 
as ft 
w s 
> < o Q 

rH <X> 
\ o n t* 
N • 

rH rH 
\ O 
N t^ 
N • 

rH (0 
■\ o 
rH 5C 
CM 

rH o 
X 05 o CO 
CM • 

rH rj< 
\ 00 
<S) CO 
rH 

rH t^ 
\ r* 
00 co 
rH • 

tH o 
\ t^- 
t^ CO 
rH 

rH CM 
\ CO 
«D CO 
rH • 

rH M 
\ m 
m CO 

CM 

(3) 

S 
o 

■H 
■*-> 

3 
J3 

m 
•H 
Q 

o 
■H 
+■> 
a 
os 
bo 
c 
•H 
a 
e a 
Q 
!H 
QJ 

+J 

S 
o 
s 
CQ 

•H 
a> 
w 
ft 
0> 

in 

Q> 
U 
3 
be 

48 



Figure 4.6 

Seismometer Natural Frequency Status of Array 
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Legend:  0 - Natural frequency within 1 ± .1 hertz 

X - Natural frequency exceeds 1 ± .1 hertz 

E - Empty data channel, no sensor connected 

W - Weather Instrumentation Data Channel 

Blank - Natural frequency measurement data not 
current 
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A capability for the measurement of the SP seismometer 
p-p output during sinusoidal calibration was added with the prep- 
aration of program TASP (Ref. 3).  The output data collected from 
the 32 seismometers at subarrays Bl and F3 for the past two months, 
April and May are presented in Table XVIII.  The table shows 
the mean, standard deviation, and the ratio of the standard 
deviation to the mean for each seismometer.  We plan to observe 
this ratio and use it to compare the amount of deviation of the 
seismometers output from each channel. 

From this initial set of data the output does appear to 
vary among the 32 seismometers from about 704 to 1366 ßv  p-p; 
however,the difference between the monthly mean values of particu- 
lar seismometers is relatively small.  As more data is collected 
a more detailed analysis of the seismometers output to electro- 
magnetic calibration will be performed. 

4.2.2 SP Seismic Amplifier, RA-5 

A remote measurement of the SP seismic amplifier gain 
was added by PDP-7 program TASP (Ref. 3). This measurement was 
developed to assist in locating the sources which affect the 
stability of the SP seismograph. Previously, we 
the environmental stresses on the 
of week-to-week variations in the 
SP sensors.  Using amplifier gain 

have stated that 
RA-5 amplifier were the cause 
calibration responses from the 
data collected on line from 

subarrays Bl and F3 we hope to find correlation between the RA-5 
gain variations and the variation in measured SP channel sensi- 
tivities.  Table XIX shows the amplifier gain statistics collected 
from 34 amplifiers for the past two months, April and May.  The 
table gives the mean, standard deviation and the ratio of the 
standard deviation to the mean for each amplifier gain.  Table XX 
presents the same statistics for the SP channel sensitivities. 

Future analysis will compare the (a/p)   ratios of the 
RA-5 amplifier gains and the SP channel sensitivities. 

4.2.3 LP Seismic Amplifier, Type II 

The LP seismic amplifier gain is measured remotely each 
week from the LDC under control of PDP-7 program TELP (Ref. 4). 
The gain stability of 45 of the array's Type II amplifiers is being 
determined from the gain measurement data collected since 
December 1970.  The individual amplifier gains measured during 
this 78-week period are summarized in Table XXI, where the mean, 
standard deviation, maximum, minimum, and maximum deviation of 
the gains are indicated. 

A standard seismograph channel sensitivity is provided 
across the array's LP sensors.  Since the seismometer data coil 
generator constants vary, the channel amplification must vary to 
provide the standardization.  The mean gains of the 45 amplifiers 
vary from 8,770 to 15,890. 
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TABLE XVIII 

SP SEISMOMETER OUTPfJT FROM ELECTROMAGNETIC 

CALIBRATION, SUBARRAYS Bl and F3 

SENSOR 

OUTP1 
A] 

UT  STATISTICS 
PRIL 1972 

OUTPUT STATISTICS 
MAY 1972 

MEAN (ß) 
ßv  p-p 

STD DEV (cr) 
Mv P-P a/ß 

MEAN iß) 
UV p-p 

STD DEV (a) 
ßv  p-p a/ß 

Bl-10 1338.52 17,73 0.013 1366.87 17.78 0.013 

Bl-51 1224.67 13.38 0.011 1221.90 12.97 0.011 

Bl-71 704.41 5.98 0.008 706.03 3,72 0.005 

Bl-42 1086.22 11.84 0.011 1087.97 11.42 0.010 

Bl-62 991.07 11.74 0.012 990.16 11,68 0.012 

Bl-82 1175.41 12.13 0.010 1162.87 14.80 0.013 

Bl-53 971.11 8.93 0.009 968.00 12.13 0.013 

Bl-73 963.44 11.34 0.012 959.74 19.69 0.021 

Bl-44 1117.04 13.72 0.012 1090.48 21.68 0.020 

Bl-64 907.52 9.00 0.010 912.58 10.67 0.012 

Bl-84 790.89 52.53 0.066 777.06 50.16 0.065 

Bl-55 1144.07 13.59 0.012 1139.00 12.57 0.010 

Bl-75 810.30 9.76 0.012 809.35 8.89 0.011 

Bl-46 1098.70 13.27 0.012 1088.83 10.67 0.010 

Bl-66 952.41 11.38 0.012 947.23 10.96 0.012 

Bl-86 862.16 20.02 0.023 867.29 9.85 0,011 
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TABLE XVIII 

SP SEISMOMETER OUTPUT FROM ELECTROMAGNETIC 

CALIBRATION, SUBARRAYS Bl and F3 
(CONCLUDED) 

SENSOR 

OUTPUT STATISTICS 
APRIL 1972 

► OUTPUT STATISTICS 
MAY 1972 

MEAN (u) 
JUV p-p 

STD DEV (a) 
|UV p-p ü/ß 

MEAN (/x) 
Mv P-P 

STD DEV (a) 
Mv P-P v/H 

F3-10 1114.86 16.30 0.015 1116.06 16.07 0.014 

F3-41 1143.29 13.79 0.012 1141.35 14.43 0.013 

F3-61 1379.46 17.49 0.013 1386.22 16.88 0.012 

F3-81 1201.89 16.03 0.013 1233.74 22.55 0.018 

F3-52 839.96 10.93 0.013 845.23 12.89 0.015 

F3-72 1333.68 16.80 0.013 1334.94 14.77 0.011 

F3-43 1337.96 14.11 0.011 1338.19 16.04 0.012 

F3-63 800.79 12.00 0.015 800.87 11.71 0.015 

F3-83 1040.36 10.72 0.010 1039,35 13.67 0.013 

F3-54 1258.68 18.41 0.015 1276.97 18.07 0.014 

F3-74 972.00 11.73 0.012 971.81 10.88 0.011 

F3-45 1042.96 14.01 0.013 1038.77 11.84 0.011 

F3-65 1272.36 17.52 0.014 2368.26 15.70 0.012 

F3-85 1312.21 18.14 0.014 1313.39 16.20 0.012 

F3-56 1453.50 21.50 0.015 1454.03 18.22 0.013 

F3-76 1021.77 28.37 0.028 1041.03 12.88 0.012 

52 



^ 
^fl^w* ■;>^W7T'''L''^l*'*iMm^«wTr)vwwf»siff^^-;BJ'- 

TABLE XIX 

RA-5 AMPLIFIER  GAIN STATISTICS 

SUBARRAYS Bl  and F3 

GAI1 
Al 

* STATISTICS 
3RIL 1972 

GAIN STATISTICS 
MAY 1972 

AMP. 
LOG. MEAN (ß) STD DEV (ff) ff/jU MEAN (^t) STD DEV (CT) a/ß 

Bl-10 4568.56 60.27 0.013 4465.71 79.03 0,018 

Bl-51 6020.78 80.00 0.013 5869.71 124,33 0,021 

Bl-71 9812.26 112.29 0.011 9659.87 151.61 0,016 

Bl-42 6999.19 81.74 0.012 6862.94 129,38 0.019 

Bl-62 7049.56 87.90 0.012 6903.26 164,05 0.024 

Bl-82 5849.04 88.35 0.015 5881.06 73,04 0,012 

Bl-53 6516,52 72.74 0.011 6527.90 75.44 0.012 

Bl-73 7886.96 92.68 0.012 7848,71 107,12 0.014 

Bl-44 5976.33 67.78 0.011 5885,32 97,87 0.017 

Bl-64 7419.18 106.18 0.014 7195,61 166.68 0,023 

Bl-84 85.52 5.65 0.066 79,38 6.77 0.085 

Bl-55 6132.63 146.71 0.024 6370,10 144.66 0,023 

Bl-75 8410.26 103.91 0.012 8440.40 167,21 0.020 

Bl-10^ 157.48 2.99 0.019 152,77 3,21 0,021 

Bl-46 6781.11 75.90 0.011 6769,23 67,48 0,010 

Bl-66 7169.52 87.02 0.012 6962,32 169,30 0.024 

Bl-86 8199.07 309.22 0.038 7939.87 127,19 0.016 
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TABLE XIX 

RA-5 AMPLIFIER GAIN STATISTICS 

SUBARRAYS Bl AND F3 (CONCLUDED) 

GAIN 
AP 

STATISTICS 
RIL 1972 

GAIN STATISTICS 
MAY 1972 

AMP. 
LOC. MEAN (ß) STD DEV (a) cr//i MEAN (ß) STD DEV (a) a/ß 

F3-10 5608.50 73.65 0.013 5514.13 94.64 0.017 

F3-41 6006.43 78.18 0.013 5869.58 101.43 0.017 

F3-61 5241.21 69.53 0.013 5192.94 86.45 0.017 

F3-81 5950.18 175.14 0.029 5922.23 93.18 0.016 

F3-52 8092.75 138.99 0.017 7987.68 331.03 0.041 

F3-72 4681.11 62.75 0.013 4548.48 102.54 0.023 

F3-43 5258.71 77.98 0.015 5206.13 77.56 0.015 

F3-63 8715.32 119.39 0.014 8508.39 171.12 0.020 

F3-83 5738.64 139.61 0.024 5525.55 219.39 0.040 

F3-54 5533.71 75.32 0.014 5486.16 84.21 0.015 

F3-74 7003.46 93.00 0.013 6909.55 92.21 0.013 

F3-45 6032.50 72.51 0.012 5936.45 78.66 0.013 

F3-65 5817.57 137.35 0.024 5808.71 82.18 0.014 

F3-85 5153.57 72.30 0.014 5002.74 107.23 0.021 

F3-10A 170.82 2.66 0.016 166.97 3.03 0.018 

F3-56 5141.39 96.04 0.019 5106.96 80.64 0.016 

F3-76 6990.18 165.04 0.024 6959.74 102.20 0.015 
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TABLE XX 

SP CHANNEL  1 HERTZ  SENSITIVITY  STATISTICS 

SUBARRAYS Bl  and F3 

CHANNEI 
SENSOR 

SENSITIVITY STATISTICS 
APRIL 1972 

SENSITIVITY STATISTICS 
MAY 1972 

MEAN (ß) 
mv/nm 

STD DEV (a) 
mv/nm (T/.U 

MEAN (ß) 
mv/nm 

STD DEV (cr) 
mv/nm a/ß 

Bl-10 18.28 0.0702 0.0038 18.21 0.1345 0.0074 

Bl-51 22.22 0.2014 0.0090 21.64 0.4594 0.0212 

Bl-71 20.52 0.0905 0.0044 20.26 0.2208 0.0109 

Bl-42 22.99 0.1108 0.0048 22.61 0.3685 0.0163 

Bl-62 21.19 0.2120 0.0100 20.78 0.4564 0.0220 

Bl-82 20.50 0.2251 0.0109 20.37 0.2272 0.0112 

Bl-53 18.83 0.2189 0.0116 18.71 0.1114 0.0060 

Bl-73 22.99 0.1736 0.0075 22.92 0.2253 0.0098 

Bl-44 20.07 0.1524 0.0075 19.38 0.5239 0.0270 

Bl-64 20.22 0.1146 0.0056 19.70 0.3830 0.0194 

Bl-84 0.20 0.0103 0.0515 0.03 0.0165 0.5500 

Bl-55 20.62 0.3789 0.0183 21.27 0.3776 0.0178 

Bl-75 20.44 0.1610 0.0078 20.57 0.4328 0.0210 

B1-10A 0.68 0.0066 0.0097 0.66 0.0131 0.0198 

Bl-46 22.44 0.1399 0.0062 22.32 0.3384 0.0152 

Bl-66 20.48 0.1820 0.0088 19.78 0.5338 0.0270 

Bl-86 21.16 0.2171 0.0102 20.71 0.3258 0.0157 
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TABLE XX 

SP CHANNEL 1 HERTZ SENSITIVITY STATISTICS 

SUBARRAYS Bl and F3 (CONCLUDED) 

CHANNEL 
SENSOR 

SENSITIVITY STATISTICS 
APRIL 1972 

SENSITIVITY STATISTICS 
MAY 1972 

MEAN (ß) 
mv/nm 

STD DEV (a) 
mv/nm a/ß 

MEAN (j^) 
mv/nm 

STD DEV (a) 
mv/nm a/ß 

F3-10 18.81 0.1562 0.0083 18.58 0.1471 0.0079 

F3-41 20.81 0.1252 0.0060 20.28 0.2629 0.0130 

F3-61 21.97 0.1166 0.0053 21.89 0.1974 0.0090 

F3-81 21.13 0.1302 0.0061 21.44 0.1674 0.0078 

F3-52 20.62 0.2757 0.0133 20.48 0.8282 0.0404 

F3-72 18.90 0.1064 0.0051 18.39 0.3420 0.0186 

F3-43 21.12 0.2135 0.0101 20.95 0.1615 0.0077 

F3-63 21.26 0.0955 0.0044 20.86 0.2727 0.0131 

F3-83 18.25 0.4186 0.0229 17.55 0.6563 0.0374 

F3-54 20.82 0,1792 0.0086 21.03 0.0844 0.0040 

F3-74 20.24 0.1173 0.0057 20.02 0.1779 0.0089 

F3-45 18.96 0.1229 0.0060 18.64 0.1381 0.0074 

F3-65 22.37 0.1246 0.0055 22.26 0.1253 0.0056 

F3-85 20.09 0.2098 0.0104 19.58 0.3319 0.0170 

F3-10A 0.59 0.0071 0.0120 0.58 0.0235 0.0405 

F3-56 22.40 0.2514 0.0112 22.36 0.2090 0.0093 

F3-76 21.27 0.2261 0.0106 21.61 0.2581 0.0119 
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TABLE XXI 

LP TYPE II AMPLIFIER GAIN STATISTICS - DEC 70 THRU MAY 72 

. 

TYPE II 
AMPLIFIER 
CHANNEL 

MEAN 
GAIN 
xl03 

GAIN 
STD. DEV 

xl03 

MAX. 
GAIN 
xl03 

MIN. 
GAIN 
xl03 

MAX. 
AGAIN 
xl03 

AO-V 15.89 0.7463 17.38 13.94 3.44 

AO-N/S 12.21 0.5075 13.24 11.05 2.19 

AO-E/W 12.67 0.5379 13.57 11.18 2.39 

C3-V 13.10 0.5533 14.49 11.27 3.22 

C3-N/S 13.52 0.4120 14.52 12.59 1.93 

C3-E/W 12.65 0.4824 14.27 11.54 2.73 

C4-V 12.70 0.4644 13.76 11.41 2.35 

C4-N/S 11.79 0.5095 13.43 10.51 2.92 

C4-E/W 11.68 0.3741 12.44 10.57 1.87 

Dl-V 9.48 0.3901 10,34 7.75 2.59 

Dl-N/S 8.86 0.3901 9.65 7.37 2.28 

Dl-E/W 8.77 0.4318 9.46 6.77 2.69 

D2-V 13.56 0.7665 14.89 12.21 2.68 

D2-N/S 12.70 0.7865 14.05 11.56 2.49 

D2-E/W 9.52 0.6352 10.73 7.13 3.60 

D3-V 15.60 0.6442 16.67 13.95 2.72 

D3-N/S 14.91 0.7203 16.20 12.12 4.08 

DS-E/vV 14,35 0.6294 15,32 12.17 3.15 

D4-V 13.52 0.5758 14,68 12.03 2.65 

D4-N/S 11.68 0.3694 12.53 10.62 1.91 

D4-E/W 11.62 0.5406 14.70 10.51 4.19 

| El-V 11.31 0.7891 1£.49 9.82 5.67 
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TABLE XXI 

LP TYPE II AMPLIFIER GAIN STATISTICS 
(CONCLUDED) 

- DEC 70 THRU MAY 72 

TYPE II 
AMPLIFIER 
CHANNEL 

MEAN 
GAIN 
X103 

GAIN 
STD. DEV 

xlO3 

MAX. 
GAIN 
xlO3 

MIN. 
GAIN 
xlO3 

MAX. 
AGAIN 
xlO3 

El-N/S 10.80 0.3694 11.62 9.8 » 1.73 

El-E/W 14.54 0.5026 15.95 13.17 2.78 

E2-V 13.40 0.4027 14.52 12.19 2.33 

E2-N/S 11.50 0.2660 12.13 10.81 1.32 

E2-E/W 12.01 0.4551 13.20 11.07 2.13 

E3-V 11.93 0.4550 12.98 10.83 2.15 

E3-N/S ?1.50 0.3490 12.40 10.70 1.70 

E3-E/W 12.05 0.4185 12.85 10.90 1.95 

E4-V 12.99 0.6570 14.27 11.01 3.26 

E4-N/S 12.55 0.4655 13.43 11.29 2.14 

E4-E/W 12.10 0.5364 14.54 11.01 3.53 

Fl-V 13.15 0.9036 14.33 10.81 3.53 

Fl-N/S 12.13 0.4291 13.11 11.39 1.72 

Fl-E/W 14.92 0.9634 18.71 12.25 6.46 

F2-V 15.52 0.6937 16.71 12.00 4.71 

F2-N/S 10.83 0.3871 11.42 9.63 1.79 

F2-E/W 12.60 0.1412 13.90 11.67 2.23 

F3-V 11.37 0.3510 12.38 10.47 1.91 

F3-N/S 11.19 0.3146 12.04 10.42 1.62 

F3-E/W 13.24 0.6199 14.12 9.87 4.25 

F4-V 11.97 0.5711 14.92 10.57 4.35 

F4-N/S 10.59 0.3225 11.34 9.63 1.71 

F4-E/W 13.05 0.5185 14.49 11.52 2.97 
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The standard deviation of the gain is the measure we are 
looking at to determine the expected stability performance of the 
Type II amplifier in the present LASA CTH environment.  The average 
standard deviation of the gain obtained from the Table XXI data is 
519.  The best stability was obtained from the E/W channel amplifier 
at subarray F2 where the average was 141.  Compared with the similar 
statistics provided for the 52-week period from December 1970 
through November 1971 (Ref. 9), the average has improved from 578. 
Thirty-eight (84%) of amplifier channels showed an improved gain 
stability from the previous report. 

4.2.4    Develocorder 

The chemical pumps have been removed (1967) from the LDC 
Develocorders and their function replaced with a gravity-flow 
regulated system connected to each Develocorder from a central 
source of chemicals located at the top of the Develocorder rack. 
The chemical sources are plastic reservoirs; one for each of the 
two chemicals, viz. developer and fixer.  These chemicals flow 
through separate flexible, plastic pipe minifolds to each Develo- 
corder rack position where two transfusion type medical drip regu- 
lators or "drippers" are connected to meter and control the fluids 
into a Develocorder. 

During this reporting period, a new model dripper was 
received from TFSO for evaluation in the LDC system.  This micro- 
dripper, from Cutter Laboratories (Berkeley, California) is the 
860-05 (60 drips/ml) Saftiset Sixty Intravenous Injection Set. 
0, oration using these drippers appears to be very satisfactory. 
The addition of the steel ball in the drip rate measurement chamber 
as an aid in visually checking and adjusting the drip rate increases 
the accuracy and reduces the time for this adjustment. 

Two of the 860-05 (60 drips/ml) type drippers have been 
tested at the LDC for about three months.  Operation during this 
period has not been continuous; however, use separated by periods 
of non-operation provides a better test.  As the chemical developer 
in the lines becomes old, the sediment build-up increases and the 
possibility of the micro-size drip clogging is greater.  The 
smaller opening into the measurement chamber of the 60 drips/ml 
dripper compared with the 20 drop/ml dripper increases the possibil- 
ity of chemical flow stoppage from sediment blockage.  Further, 
since the opening is made of metal it is unknown at this time if 
continued use over a prolonged time will result in any reactions with 
the chemicals which might influence the flow. 

Experience here has shown that the type of film and chemi- 
cals cannot be underestimated if dependable Develocorder operation 
is to be achieved.  Satisfactory results have been obtained from 
the following: 

(1) film - Kodak Recordak Fine Grain 7457 (Product 
No. 01323) 16 ram, 160 ft. 
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(2) developer - Kodak Liquid X-Ray Developer and 
Replenisher, Solution A. 

4.3 

(3) fixer - 

Failure Report 

General Electric Super Mix Fixer 
(Speed type for X-Ray Film) Catalog 
Number 4058A. 

tiTtiiiuritiitiz10 the type of faiiure and i-iuS:1^:; 
(1)  System failure -    A failure resulting in zero or no 

system output which prevents the sys- 
tem or equipment assembly from per- 
forming its primary function and 
identified as a Type 1 failure. 

A failure resulting in a zero or no 
system output only during one of 
several different modes of operation- 
a Type 2 failure. 

A failure resulting in a system output 
which is outside the allowable toler- 
ance limits but permits degraded per- 
formance; a Type 3 failure. 

A failure which changes a system output 
either by an amount less than the 
allowable tolerance or from the nominal 
output when no tolerance limits have 
been established; a Type 4 failure. 

A failure produced by an operating or 
environmental stress which results in 
no permanent physical damage; a Type 
5 failure. 

corrected In^arh^J thf1^68 the nUmber 0f failures detected and corrected in each of the ten array systems.  All microbaroeranh 
equipment was removed from the array during this qiar?er anS Sni 
be eliminated from this failure report.  In decreasing order ?he 

en^SieraS With the largest number of failures we?e ?he SP sen 
sor  PDP-7 computer, and the LDC Test and Support,  The 360 Comnuter 
system operated during this quarter without ally failures and ?Se 
Meteorological system had only one failure of an intermittant 
nature   The distribution of the equipment failures wUhin each 
system is shown in Table XXIII. witnin each 

(2)  Mode failure - 

(3)  Limited failure - 

(4)  Latent failure - 

(5)  Temporary failure - 
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TABLE XXII 

LASA SYSTEM FAILURE DETECTIONS AND CORRECTIONS 

MARCH 1972 - MAY 1972 

SP SENSOR 

LP SENSOR 

METEOROLOGICAL 
SYSTEM 

SEM 

POWER SYSTEM 

360 COMPUTER 

PDP-7 COMPUTER 

LDC DIGITAL 

LDC ANALOG 

LDC TEST 
AND SUPPORT 

TOTALS 

STARTING 
BACKLOG 

17 

27 

DETECTED 

54 

3 

29 

6 

10 

21 

133 

CORRECTED 

49 

4 

1 

8 

2 

0 

33 

10 

20 

134 

ENDING 
BACKLOG 

22 

0 

0 

0 

3 

0 

0 

26 
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TABLE XXIII 

EQUIPMENT FAILURES 

ARRAY SYSTEM/EQUIPMENT 

1       NUMBER OF FATTJIRKS   1 
TYPE -Of FAILURE 

TOTAL 1 2 3 4 5 

Short-Period System 

Seismometer 0 0 0 10 0 10 
WHV Panel W/RA-5 2 0 8 23 4 37 
RA 5 Power Supply 2 0 0 0 0 2 
WHV Junction Box 0 0 0 0 0 0 
WHV/Cables 0 0 0 0 0 0 
CTH Junction Box (SP) 0 0 0 0 0 0 

Total 4 0 8 33 4 49 

Long-Period System 

Vertical Seismometer/Tank 0 0 0 0 0 0 
Horizontal Seismometer/Tank 0 0 0 0 0 0 
LP Vault/Cabling 0 0 0 0 0 0 
LP Junction Assembly 0 0 0 0 0 0 
Motor Assembly 0 0 1 0 0 1 
Seismic Amplifier, Type II 0 0 1 1 0 2 
Amplifier Power Supply 0 0 0 0 0 0 
CTH Junction Box (LP) 0 0 1 0 0 1 

Total 0 0 3 1 0 4 

Meteorological System 

Aerovane, Wind Direction 0 0 0 0 0 0 
Aerovane, Wind Speed 0 0 0 0 0 0 
Pole Assembly 0 0 0 0 0 0 
Pole Junction Box/Cabling 0 0 0 0 0 0 
Temperature Probe 0 0 0 0 1 1 
E lee trobaromet er,''Baffle 0 0 0 0 0 0 
Rain Gauge 0 0 0 0 0 0 
Rain Gauge Electronics Panel 0 0 0 0 0 0 

Total 0 0 0 0 1 1 
1 
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TABLE XXIII 

EQUIPMENT FAILURES (CONTINUED) 

ARRAY SYSTEM/EQUIPMENT 

Subarray Electronics Modules 

Input Drawer #1 
Input Drawer #2 
Multiplexer/ADC 
Output Drawer 
PDC Drawer 
ACC Cabinet 
SEM Cabinet/Cabling 
Alarms 

Total 

Power System 

Central Drawer 
Inverter 
Charger 
Battery 
SOLA Transformer 
Rack Cabling 
Isolation Transformer 
Breaker Panel 
Vault/Wiring/Breakers/Outlets 

Total 

NUMBER OF FAILURES 
TYPE OF FATT.TTBE 

0 
1 
1 
0 
0 
0 
0 
0 

0 
1 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
1 
0 
0 
3 
0 
0 
0 

1 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
1 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
1 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

TOTAL 

0 
2 
1 
1 
4 
0 
0 
0 

8 

1 
1 
0 
0 
0 
0 
0 
0 
0 
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TABLE XXIII 

EQUIPMENT FAILURES (CONTINUED) 

ARRAY SYSTEM/EQUIPMENT 

1     NUMBER OF FATT.TIRFS 
■ 

TYPE OP FATT.TTRE 
1 2 3 4 5 TOTAL 

360 System 

CPU 2044 0 0 0 0 0 o 
Disc Drive 2315 0 0 o o o 0 

0 
o 

Typewriter 1052 0 0 0 o o 
Card Reader 2501 0 0 0 0 0 
Data Control 1826 0 0 o o o 0 

o Data Adapter 1827 0 0 0 o o 
Data Adapter 2701 0 0 0 0 0 0 

Total 0 0 0 0 0 0 

PDP-7 System 

Computer 1 0 2 0 0 3 
Teletypewriter KSR-35 0 0 1 0 o 1 
Card Reader 0 0 0 0 1 1 
SOU 0 0 0 0 0 o 
Interface 0 o o o o 0 

7 Tape Unit #19 1 0 5 o 1 
Tape Unit #32 0 0 6 o 2 a 
Tape Unit #33 0 0 3 0 0 3 
Tape Unit #22 2 0 7 0 o 9 
Incremental Recorder 0 0 0 0 1 1 

Total 4 0 24 0 5 33 

Digital System 

Timing System #1 2 0 3 0 0 5 
Timing System #2 1 0 0 0 0 1 
Digital Data Simulator 0 0 0 o o 0 
Power System 0 0 0 0 o o 
PLINS 1 0 0 0 0 1 
MINS 0 0 0 0 0 0 

Total 4 0 3 0 0 7 
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TABLE XXIII 

EQUIPMENT FAILURES (CONCLUDED) 

ARRAY SYSTEM/EQUIPMENT 

Analog System 

D/A Patch Panel Cabinet 
D/A Converter #1 
D/A Converter #2 
D/A Converter #3 
D/A Converter #4 
FM System 
16 Channel Chart Recorder 
WWV Receiver 
Analog Calibration System 
Analog Timing System 
SP Develocorder 
LP Develocorder 

Total 

LDC Test and Support System 

MDC-1 
MDC-2 
Clocks 
Film Viewer 
Film Duplicator 
Copier 
Emergency Lights 
Compressor, Blower 
Digital Clocks 
Air Conditioners 
Humidifier 
Tape Cleaner 
Electrostatic Filters 

Total 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 

NUMBER OF FAILUR ES 
YPE OF FATT.TTRF 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 

0 
0 
0 
0 
0 
0 
1 
0 
0 
3 
1 
0 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

16 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

19 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0   0 

TOTAL 

0 
0 
0 
0 
0 
0 
1 
0 
0 
3 
3 
3 

10 

17 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

20 
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The HS-10-1A seismometer and RA-5 amplifier in the 
short-period system accounted for 47 of the 49 failures in that 
system.  All 10 of the seismometer failures were identified for 
repair, because of out-of-tolerance natural frequency, during 
the current SP rehabilitation program.  Of the 37 RA-5 failures 
only 2 failed completely, 8 were out-of-tolerance, 4 were inter- 
mittant, and the remaining 23 were latent failures identified for 
repair during the SP rehabilitation program. 

The tape units in the PDP-7 system accounted for 27 of 
the 33 failures, the Develocorders for 6 of the 10 failures in the 
analog system, and the MDC 1 and 2 for all 20 failures in the LDC 
Test and Support System.  These type of failures have been pre- 
viously reported and are expected due to constant use of this 
equipment.  These failures are usually mechanical for the tape 
units and Develocorders and battery replacement in the zero sup- 
pression amplifiers of the Maintenance Display Console, 

All other failures were isolated in nature and do not 
indicate trends or maintenance programs. 

Descriptions of pertinent equipment repairs can be found 
in Section VI. 

4.4      Equipment Aging Study 

A report relating the effects of aging on the arrays sys- 
tems has been prepared (Ref. 10). In addition to identifying aging 
effects, an indication of possible corrective measures that can be 
taken and an estimation of the material cost involved were in- 
cluded for all of the arrays systems. 

For the most part the study has shown that the replace- 
ments and repairs necessary to offset the effects of equipment 
aging on the array can be accommodated by the on-going array 
maintenance programs.  For example, the sensor amplifier (RA-5) 
aging effects are being handled with the amplifier rehabilitation 
program begun in March 1970 and known as phase 1 of the SP sensor 
maintenance program.  This program is scheduled to continue with 
less and less effort as more and more amplifiers are rehabili- 
tated.  The array's SP seismometers are scheduled for maintenance 
as phase 2 of this program.  New programs incorporated with the 
routine maintenance will be prepared as required to accomodate 
new maintenance situations. 
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SECTION V 

IMPROVEMENTS AND MODIFICATIONS 

5.1 General 

Important to the operation of the Montana LASA is the 
continuing incorporation of improvements and modifications into 
the various equipments.  These improvements permit increased 
efficiency in the utilization, operation and maintenance of the 
seismic observatory's systems.  The improvements are categorized 
into these three areas, PDP-7 programming, array equipment and 
data center equipment.  Improvements in the PDP-7 programming 
result in more efficient operation and increase the data col- 
lection capability of the array performance measurement activity. 
Modifications to the array and data center equipment are made to 
reduce the need for maintenance (i.e. improve reliability), to 
improve data quality, or to extend the operating capability. 

5.2 System 

The usefullness of the array's two seismic systems (SP 
and LP) can be improved through better identification of the systems 
performance characteristics both collectively and individually. 
The present method of routine calibrations (performed daily or 
weekly) limits characterization of the system to the response to 
the single sinusoidal frequency used in the calibration test and 
omits the remainder of the systems useful bandwidth.  During 
subarray level testing (performed much less frequently) calibra- 
tions in which a set of sinusoids covering the seismograph chan- 
nel bandwidth are sequenced into the system input are performed. 
However, timely diagnosis of seismograph channel malfunctions 
and adequate results, when the interferring seismic noise level 
is somewhat higher than usual, are not achieved by this manual 
calibration method performed at the subarray CTH by the field 
maintenance technicians. 

Techniques for more comprehensive calibrations are being 
sought and investigated.  Techniques for automatic calibration 
control and analysis performed so that array operation is not 
interferred with or degraded are the type needed.  One such tech- 
nique is discussed in paragraph 5.2.1. 

5.2.1    PRBS Calibrations 

One way of providing a signal input for calibration 
of the seismograph channels which covers the bandwidth of the sys- 
tem is the use of broadband noise. 

One method of providing a signal input to the seis- 
mograph channel which covers the bandwidth of the system is the 
use of pseudo-random binary sequences (PRBS) to develop a 
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broadband noise signal. Pseudo-random signals are periodic sig- 
nals that appear to be random.  The PRBS waveforms are completely 
defined 1 and 0 bit patterns of selectable lengths, repeated over 
and over.  A pseudo-random binary sequence has a line power 
spectrum with an envelope shaped by a (sin x/x)2 curve.  Figure 
5.1 illustrates this spectrum.  The first lobe contains most of 
the available power.  Nulls between other lobes occur at inter- 
vals of the clock frequency.  The line spacing is determined by 
the sequence length and the clock frequency.  Spectrum lines occur 

fc     1 
at — or   where N is the number of bits in the sequence and 

N      NAT 
AT is the clock period.  Increasing the length of the sequence 
brings the lines closer together.  The upper 3dB or half-power 
frequency is at 0.45fc. 

Since the binary waveform always switches between the 
same two amplitude levels, the rms value does not change.  Conse- 
quently, the total power is not changed by a change in bandwidth. 
The power at each line varies inversely with the sequence length. 
If the sequence length is doubled, the power at any particular 
line is halfed.  But, since line density is also doubled, the total 
signal power remains constant and, therefore, independent of band- 
width. 

5.3 PDP-7 Programming 

Three programming efforts are reported for this period. 
One, a new patch program, overlays a portion of the PDP-7 memory 
during MOPS operation to provide a broadband input for remote con- 
trolled calibration of the LP system.  The others are program modi- 
fications.  Program TESP has been changed to improve the measure- 
ment of the distortion of the sinusoidal responses to remote SP 
calibrations.  New features have been added to the standard devia- 
tion program. 

5.3.1 LPRPG 

Program LPRPG was prepared to provide a long-period 
pseudo-random bit sequence generator for use in broad band cali- 
brations of the long-period system.  This patch program which over- 
laps a portion of the PDP-7 memory during MOPS operation, controls 
the application of telemetry command TC-21 to any subarray. 

During application of command TC-21 a 15-volt dc level is 
applied to each long-period seismometer calibration line.  Program 
LPRPG offers two alternatives for telemetry command control, (1) 
for a fixed duration and (2) according to a pseudo-random sequence 
stored in memory.  The duration of the fixed pulse in number of 
frames (50 msec/frame) is determined by the present octal value of 
the accumulator switches. 
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The pseudo-random sequence stored in the memory consists 
of the following 127 bit pattern: 

00010010011011010110111101100011 
01001011101110011001010101111111 
00000010000011000010100011110010 
0010110011101010011111010000111 

Each bit Is transmitted for one second so that 127 sec- 
onds are required for each sequence; sequences continue until the 
operator cancels program operation. To identify the start of each 
sequence, telemetry command TC-63 is sent for one bit time period 
(20 frames). Response from this battery measure command appears 
on channels 30 and 31 at the beginning of the sequence of voltage 
pulses which input long-period seismograph channels 26, 27, and 28. 

5.3.2 TESP 

Program TESP, which provides automatic measurement and 
channel parameter calculations of the short-period seismograph 
sinusoidal calibrations, is important to the daily array operation. 
Consequently, development of the program has continued through new 
versions and improvements.  In addition to the features previously 
described (Ref. 5), some changes have been incorporated.  First, 
to provide a better indication of the distortion in the sinusoidal 
calibration responses, the ratio R is now calculated to four places. 
R is the ratio of the peak positive half-cycle sinusoid value to 
the peak negative half-cycle value.  The program now offers the 
capability to select subarrays individually for SP sinusoidal 
calibration as well as the previous method of automatically se- 
quencing through the array.  Further, a listing of all det\-~tive 
sensors whose amplitude responses are outr\de the ±  15% tolerance 
is printed out at the end of the computer output report. 

5.3.3 Standard Deviation 

Use of statistics plays an important part in our system 
performance measurement and equipment evaluations.  The parameter 
standard deviation is used to measure system stabilities.  Pre- 
viously, all calculations were made using the data for all the 
arrays sensors or the total population.  Now, frequently only a 
selected sample is used to support a study effort.  Consequently, 
some minor changes in the program have been made to the standard 
deviation calculations; one for use when an entire population is 
being considered and another when only a sample of the population 
is taken. 

Further, print out of the maximum and minimum values have 
been added to the output listing which includes: number of samples, 
sample total, mean, variance and standard deviation. 

5.4      Array Equipment 

70 



-'.'BW*«)IV . -—- 

5.4.1 LP Step Function Input Connections 

In order to provide a remote telemetry controlled step 
input to the long-period seismograph system to support the PRBS 
calibrations, a minor modification to the SEM control drawer 
has been prepared.  This simple modification, the installation 
of two short jumper wires on PC board connector A6, increases 
the capability of SEM calibration function.  Figure 5.2 is the 
SEM calibration signal flow diagram updated to reflect this 
modification. 

5.4.2 Microbarograph Removal 

During this quarter the microbarograph array was elimin- 
ated by the removal of all the sensors and instrumentation.  The 
LTV-6 microbarographs installed at eight subarrays in the E and 
F rings and AO were removed.  The schedule of the sensor removals 
and the data disconnections is shown in Table XXIV.  Recording of 
the microbarograph data at the LDC in the very-low-rate recording 
format was discontinued at 1939 GMT on March 24, 1972. 

5.4.3 Measurement of Distortion 

An indication of the SP seismograph channel distortion 
is obtained from the computer program TESP (see paragraph 5.2.1), 
The ratio of the positive half-cycle amplitude to the negative 
half-cycle amplitude of the TC-06 sinusoidal calibration respon- 
ses provides this distortion check. 

Let A be the peak-to-peak sinusoidal amplitude 
response 

p the positive amplitude, 

n the negative amplitude, and 
p 

R the ratio — 
n 

Then p+n=A and p=A-n, 

so that R = -^— (5-1) 
n 

The relationships between the half-cycle amplitudes and A and R 
are, A 

n = r-T (5-2) 

P = 

R+l 

AR 

R+l 
(5-3) 

A tolerance limit of R = 1 ± 0.1 has been established 
for this measurement.  Whenever this value is exceeded a channel 
trouble is indicated; probably in the RA-5 amplifier. 
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TABLE XXIV 

MICROBAROGRAPH ARRAY SENSOR REMOVAL DATES 

Site 

AO 

AO 

AO 

Bl 

B2 

B3 

B4 

Cl 

C2 

C3 

C4 

Dl 

D2 

D3 

D4 

El 

E2 

E4 

Fl 

F2 

F3 

F4 

Equipment 

LTV-6 

LTV-6 

ESYS 

ESYS 

ESYS 

ESYS 

ESYS 

ESYS 

ESYS 

ESYS 

ESYS 

ESYS 

ESYS 

ESYS 

ESYS 

LTV-6 

LTV-6 

LTV-6 

LTV-6 

LTV-6 

LTV-6 

LTV-6 

Serial 
Number 

110 

103 

11 

5 

10 

6 

12 

4 

3 

9 

8 

2 

1 

13 

7 

107 

104 

101 

106 

105 

109 

111 

Affected 
Data Word 

07 

14 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

14 

14 

14 

14 

14 

14 

14 

Data Equipment Removed 
and/or Data Disconnect :ted | 

April 12, 1972 

April 12, 1972 

February 16, 1972 

February 8, 1972 

February 15, 1972 

February 17, 1972 

February 16, 1972 

February 11, 1972 

February 11, 1972 

February 7, 1972 

February 17, 1972 

February 11, 1972 

February 15, 1972 

March 20, 1972 

February 16, 1972 

April 26, 1972 

April 25, 1972 

April 26, 1972 

April 28. 1972 

April 25, 1972 

April 26, 1972 

April 20, 1972 
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Input signals to the RA-5 amplifier vary around the 
detector voltage level, normally 5.0 volts.  In the case of the 
TC-06 calibration signal, the normal detector waveform is as 
shown in Figure 5.3. The full range of the signal is passed un- 
distorted.  However, if the signal voltage exceeds 10 volts or 
goes below 0 volts, the excess signal is limited and a distorted 
signal results.  Consequently, maintaining the 5.0 volt detector 
voltage level is important to the satisfactory operation of the SP 
seismograph channel. 

Important too, is the effect on the accuracy of the 
channel sensitivity calculation caused by variations in the ratio 
R.  Consider the case where the sensitivity, S, is calculated to 
be 20 mV/nm at 1 hertz and R is 0.90.  Here 

A =   = 7.91 volts 
2.53 

7.91 
n = ~  = 4.16 volts 

.9+1 

7.91 (0.9) 
P =  r—  = 3.75 volts 

.9+1 

A = n+p = 4.16 + 3.75 = 7.91 volts 

Assume that the difference between n and p is caused by 
an improper RA-5 amplifier detector level so that 4.16-3.75 or 
0.41 of the positive half-cycle is "chopped off".  The actual re- 
sponse of the channel without distortion would be n'p=4.16 volts 
or A=8.32 volts.  At 1 hertz, the calculated sensitivity is now 
21 mV/nm or a 5% error in the original 20 mV/nm measurement. 
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SECTION VI 

MAINTENANCE 

6.1      General 

Maintenance activity at LASA includes correction of 
failures, preventive maintenance, modifications, special tests 
required for evaluations or quality control activities, facility 
and access maintenance and improvements, and vehicle maintenance 
LASA maintenance activity is divided into three different cata- 
gones:  Data Center (LDC) , Maintenance Center (LMC), and 
!KC1™ioL^p0rt-  The LDC in Billing« covers these six systems 
the IBM 360/44 computer, the DEC PDP-7 computer, LDC Digital 
LDC Analog, and LDC Test and Support.  The LMC located in 
Miles City maintains all array equipment systems which are com- 
prised of SP Sensor, LP Sensor, Meteorological, SEM, and Power. 
Facilities Support provides maintenance of buildings  vehicles 
land leases, and array facilities such as cable trenches, access 
trails, fences, WHV sites, and CTH sites. 

6.1.1    Philosophy 

During the March - May period the weather conditions im- 
prove in the array to permit unrestricted travel.  Consequently 
the array maintenance at the subarray level starts (usually in ' 
April) and continues until October (sometimes November)   During 
these months the SP rehabilitation program receives the prime 
attention of the array maintenance section, both in the field and 
at the LMC to prepare RA-5 amplifiers and HS-10-1/A seismometers 
for sensor replacements.  Other LMC work, such as printed circuit 
card repairs, are deferred until inclement weather makes array 
travel difficult. ' 

6.1.2    Summary 

A full schedule of array maintenance, including the SP 
rehabilitation at four subarrays, removal of all microbarograph 
array sensing and instrumentation equipment, and array preventive 
maintenance, was completed.  At the data center, maintenance 
actions were concentrated on the PDP-7 tape units, air conditioning 
preventive maintenance, and preparation for the DCASD facility 
inspection. 

Table XXV summarizes the number of all equipment (LASA) 
and facility (Utility) work orders completed this quarter  The 
376 completed work orders represented 506 separate maintenance 
actions by technical personnel.  The number and type of operational 
equipment failures corrected are discussed in paragraph 4.3  Work 
orders are used to document all LASA maintenance activity!  The 
actual time or complexity required for a task is not indicated 
but the summary does indicate the type of work performed and the 
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WORK ORDER TYPE 

LAS A: 

System - A 

Subassembly - B 

Component - C 

Total 

Utility: 

Cable trench & 
trail inspection 

Cable trench 
backfill 

WHY sites 
landscaped 

Marker posts 
&/or WHY covers 
replaced 

CTH maintenance 

Yehicle mainte- 
nance and in- 
spection 

Fence 
inspections 

Trail repairs 

Total 

WORK ORDER TOTALS 

TABLE XXY 

WORK ORDER SUMMARY 

MARCH 1972 - MAY 1972 

BACKLOG 
START OF QTR 

51 

33 

16 

100 

0 

1 

0 

0 

5 

3 

2 

12 

112 

INITIATED 

221 

46 

21 

288 

17 

0 

35 

19 

10 

4 

0 

94 

382 

COMPLETED 

229 

36 

14 

BACKLOG 
END OF QTR 

279 

14 

1 

35 

19 

14 

10 

4 

0 

97 

376 

43 

43 

23 

109 

3 

0 

0 

0 

1 

3 

2 

9 

118 
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routines^nd^^H^f"  ?Uring thiS qUarter 90^ of 110 ^ray routines and 53 data center routines scheduled were completed 
fble a?^?e^tl0nSKaS weather. ^k load, and man hours avali- 
able affect the number of routines completed each month. 
6-2      Data Center 

6-2-l    System 360 

failures ^ll^ ll^ttJll*,** 0Perated th^ Q^rter without any 
wer« o«!;i-* i of the scheduled preventive maintenance procedures 
were completed and no problems weie encountered.        oceaures 

6-2.2 System PDP-7 

The three on-line TD-570 tape units were r^naivoH 4-« 
^nits3^ SPecif jcatio- utilizing part, from thHiv^al^geS 
(II      Tnl1^  fr0m MIT1-  A11 deteriorated appearance items^ 
on^^f ?H   glass panels, switches, etc.) were also replaced 
basis to beS*:Hgf UnitsJas  Placed on a lifted operaLonal' oasis to be used for checking out major salvaged parts such a«, 
power supplies, printed circuit cards, compressors  etc. 

A failure occurred in the PDP-7 memorv svstpm  Th« 
memory read/write power supply failed due to an'open liiter capa 
caoacito^wa^6'^1^ 0peration of ^  «^tem.  A^ubstitute  P 
capacitor was used to restore operation of the system until a new 
component was obtained and installed. 

6-2-3    Other LDC Equipment 

«Mth   i  Develocorder #174 operated full time during the quarter 
with only two failures requiring replacement of a projection lamn 
and a film storage tube.  Unit #190 was used intermittantlv for 
monitoring and maintenance purposes.  Two mete?ed Tntra^eious 

lelTlTstllll/lTullt lltn  T0nt0-FOreSt Seismologicarobser^atory 
system 0 0Perate with the gravity flow 

tr.  *       * •The 1^-*on' rooftop air conditioner required repair due 
to a refrigerant leak and a fan belt problem.  Fallowing this re 
pair a study determined an efficient set-up for the computer 
them™tnVirnraental SyStem-  An S0P covering the operation of the system to maintain full-flow, double filtered air at 79

0
F UH+H 

approximately 40% humidity in th^ computer roo^was prepared  Im 
provement has already been noted by t£e cleanlin^ Sf ?he equij-' 

6•3      Maintenance Center 

ties:     arrIyeandCsh:p
ntenanCe """^ are diVided into tm  acf"i- 
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6.3.1    Array Activities 

Improvement in the weather and road conditions allowed an 
increase in field maintenance.  The number of field trips almost 
doubled from 63 last quarter to 112 trips covering 17,657 miles 
for this period plus three trips were made to the PMEL at Great Falls 
to pick up and deliver test equipment for calibration. 

The SP rehabilitation program began with four of the 
sixteen subarrays planned for this summer season completed.  Re- 
placements and/or adjustments of 13 HS-10-1/A seismometers and 29 
RA-5 amplifiers were made at subarrays AO, C4, E4, and F2.  All 
repairs are being performed to maintain the SP seismographs year 
around within ± 15% of the nominal channel sensitivity and ± 10% of 
the 1.0 hertz natural frequency. 

The 13 microbarographs installed in the B, C, and D ring 
and AO subarrays have been eliminated from the array.  Removal was 
performed in two steps:  (1) the electronics assemblies were dis- 
connected and returned to the LMC during the period February 8 - 
March 20 and (2) the microbarograph sensor cans were dug up from 
the approximately 20-inch hole in which they were buried, during 
the period March 20-22. 

The eight LTV-6 microbarographs installed at the E ard 
F ring and AO subarrays were removed from the array during 
April 12 - 28.  All microbarograph sensors have now been removed 
from the array, packed, and shipped as per instructions.  Ihe pipe 
arrays associated with the microbarographs will be left at the 
subarrays. 

Table XXVI reflects the SP channel status as of May 31. 
The information in this table summarizes the outstanding conditions 
in the SP array requiring maintenance attention.  This information 
is based on the five test criteria shown in the column headings. 
A total of 107 unsatisfactory tests results are indicated; a de- 
crease of 50% from the 215 reported last quarter. 

6.3.2    Shop Activities 

Repair of RA-5 amplifiers and HS-10-1/A seismometers in 
support of the SP rehabilitation work and testing of the LP Type II 
amplifier were the main shop activities this quarter.  Twenty 
RA-5 amplifiers and 12 seismometers were repaired and tested to the 
LASA standards. 

Type II amplifier tests were performed in conjunction with 
studies of spurious noise sources in the LASA LP system. 

6.4      Facilities Support 

Since travel in the array was difficult in March, subarray 
surficial inspections began in April with fourteen completed.  No 
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major damage was detected and the minor repairs to trails and 
cable trenches will begin following inspection of the remaining 
seven subarrays.  Eighteen marker posts were replaced and one new 
"coolie hat" was installed. 

The CTH at subarray El, which had experienced water 
leakage during the spring runoff, was treated with a heavy surface 
application of bentonite worked into the soil above and surround- 
ing the vault.  Bentonite is a special, pure form of clay, a 
volcanic ash, rained in Wyoming.  The bentonite swells and seals 
when it comes in contact with water, consequently, it is used to 
seal dams and irrigation ditches.  None of the vaults that have 
been given the bentonite treatment leaked this spring. 

Oil exploration drilling occurred at one location seven 
miles from WHV 85 at subarray F2.  Drilled to a 4700-ft depth in 
Custer County, section 24, 1 north and 49E, this hole was plugged 
and abandoned.  The one location reported last quarter near Fl-83 
has been plugged and abandoned also. 
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SECTION VII 

ASSISTANCE PROVIDED TO OTHER AGxäNCIES 

7'1      Seismic Data Laboratory 

Develocorder film recordings of selected SP sensor data 
are made for SDL.  Each film covers a period of approximately 24 
hours; film change is made at about 2200 GMT.  Ninety-two films 
with the format described in reference 8 wore recorded during 
this period. 

7.2      MIT Lincoln Laboratory 

Tests were performed for the Seismic Discrimination 
Group to provide digital data recordings of step responses from 
the LP seismometers at subarray Dl.  Tests were run using two 
different step amplitudes, viz. 15 and 24 VDC.  These tests used 
the step calibration capability of PDP-7 program LPRPG described 
in paragraph 5.3.1. 
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SECTION VIII 

DOCUMENTATION PROVIDED UNDER VT2708 

8.1      Technical Reports 

The following Reports were distributed during this per- 
iod: 

1) Montana LASA First Quarterly Technical Report, 
ProjecT VT/^/ÜH. 'IVH äübtJ-72-lb. March lb. 1972. 

2) "LASA Equipment and Facilities Aging Report" 
Report No. 2056-72-17, March 31, 1972. 

3) "Operation and Maintenance of LASA, Monthly Progress 
Report" Report No. 2056-72-18, April 7, 1972. 

4) "Seismograph Calibrations Using Pseduo-Random 
Binary Sequences", Report No. 2056-72-19. 

5) "Operation and Maintenance of LASA, Monthly Progress 
Report" Report No. 2056-72-20, May 5, 1972. 

8.2      Operations Data 

Thir;een weekly issues of the Defective Signal Channel 
Status and Data Interruption Log Reports and Develocorder oper- 
ations logs were distributed to approved using agencies.  Two 
issues of the Array Status Report (AS-66, 21 March and AS-67, 
1 May) were prepared and discributed. 

8>3      Alternate Management Summary Reports 

Three Alternate Management Summary Reports (AMSR) were 
prepared and distributed from Philco-Ford C&TS Division Head- 
quarters; one for each of the months March, April and May 1972. 

Preceding page blank 

85 



• 

REFERENCES 

1. Philco-Ford Corp. Montana LASA Second Quarterly Technical 
Report AD846155, Billings, Mt., Nov. ÖH, Appendix A.  

2. Philco-Ford Corp. Montana LASA First Quarterly Technical 
Report, Project VTÜTÜB, TR 2übö-72-17, Billings, Mt.,  
ib Mar. 72, p. 36. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

ibid., pp 53-55 

Philco-Ford Corp. Montana LASA Final Technical Report, VT1708 
TR 2039-71-13 (ADTAHÜOH)  üillings, Mt., 22 Dec. 71, pp 129-131 

ibid., pp 127-128 

ibid., p 121 

ibid., p 60 

ibid., p 121 

Philco-Ford Corp. Montana LASA Second Quarterly Technical 
Report VT1708, TR 2039-71-07 (AD8H5e49) Billings, Mt.,  
lo June tx,   pp 47-53. 

10.  R. E. Matkins, and S. T. Smith LASA Equipment and Facilities 
Aging Report, TR2056-72-17, Billings, Mt., 31 Mar. 72.  

86 


