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ABSTRACT (CONCLUDED)
Maintenance activities at both the data and maintenance centers are
discussed.
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ABSTRACT

The continued operation , ma intenance , and array improve-

ment activities at the Montana LASA during the period between

January 1 and September 30, 1976, are described. Array operations

including the preparation of daily teleseismic event reports are

detailed. Results of the seismic event processing effort are

reported. Seismograph system performance measurements are pre-

sented. Program maintenance for the PDP—7 computer system is

indicated . Maintenance activities at both the data and mainten-

ance centers are discussed.

Neither the Defense Advanced Research Projects Agency nor the Air

Force Technical Applications Center will be responsible for

information contained herein which has been supplied by other

organizations or contractors , and this document is subject to

later revision as may be necessary. The views , conclusions , and

recommendations presented are those of the authors and should not

be interpreted as necessarily representing the official policies ,

either expressed or implied , of the Defense Advanced Research

Projects Agency, the Air Force Technical Applications Center , or

the U.S. Government.
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I NTRODUCTION

This is the second semi—annual technical report of the

a c t i v i t y  by A e r o n u t r o n i c  Ford on the  Montana  Large A p e r t u r e  Seismic

Array  (LASA) , P ro jec t  VELA T/ 6708 , under con t r ac t  F0 8606—76—C— 0005.

The p r i m a r y  goal of t h i s  projec t  is to operate and m a i n t a i n

the  LASA in  a m a n n e r  w h i c h  produces u n i q u e  h igh  q u a l i t y  seismic

da ta  fo r  use by o t h e r  g o v e r n m e n t  sponsored research p r o j e c t s .

The work described here began 1 January 1976 and con-

tinued through 30 September 1976.

The sect ions f o l l o w i ng  in th i s  report  describe the

operation of the various systems installed at the LASA , the per-

formance measurements on the equ ipment , the teleseismic and near—

regional  event  r e p o r t i n g ,  the  PDP-7 computer  programming , and the

ma i n t e n a n c e  p e r f o r m e d  on the  sys tems.

/
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SECTION 1

SEMI-ANNUAL SUMMARY OF EVENT S

This , second S e m i — a n n u a l  T e c h n i c a l  Summary repor t ,

desc ribes the act iv i t ies at  the Mon tana  LASA dur ing January

t h r o u g h  September 1976. These a c t i v i t i e s  inc lude  the  ope ra t ion

and ma in t enance  of the  sys tems  i n s t a l l e d  both in  the a r r ay  and at

the  data  cen te r  (LDC) .

The LASA Processing Sys tem (LASAPS) operated con t inuous-

ly w i t h  the Seismic  Data  Analysis Center (SDAC) 95.6% of this nine—

m o n t h  per iod .  System,’360 failures and their correction accounted for

the majority of the on—line interruptions (94.4’~). Operation of the

new LASAPS over the 4800—baud line is not as satisfactory as with

the previous system over the 50 K—baud line , espec ia l ly  in the  areas

of operator  commun ica t i ons  and recognizing when the SDAC systems are

o n — l i n e .

D i g i t a l  record ing  of t he  a r r a y  da ta  by the PDP— 7 compute r

c o n t i n u e d  on a f u l l — t i m e  basis with the exception of an average 50—

m i n u t e  per day i n t e r r u p t i o n  f o r  o f f - l i n e  p rogram processing and

sys tem m a i n t e n a n c e .  The d i g i t a l  r e c o r d i n g s  were  a v a i l a b l e  f r o m

the LDC during the 60—day retention cycle before their reuse. Re-

cordings of event periods since November 1 , 1975 , are still available

at the  LDC on e d i t e d  tapes produced by t he  PDP—7 AUTO—EDIT s y s t e m .

Tel ese ism ic even t  processing u s i n g  f i l m  r ecord ings  and

on—line computer playouts wer e r o u t i n e l y p er f o r m e d  w i t h  the  average

d a i l y  r e s u l t  of 12.4 e v e n t s  or phases r epo r t ed  to VSC . Also ,

p e r i o d i c  near r eg iona l  and s t r i p — m i n e  b l a s t  l i s t i n g s  added an

I



average of 6 .4  e v e n t s / d a y .  Comparisons w i t h  USGS show our

reported magn i tudes  only  s l i g h t l y  h igher  (0 .04  u n i t s  ay e )  t h a n

the  PDE ’s , our locat ions  differing by about 5.8 degrees , and

the 90% detection threshold of our reports at 4.97.

Equipment  and f a c i l i t i e s  m a i n t e n a n c e  a l lowed the

con t inued  opera t ion  of the array in a manner similar to previous

periods .

R . 

Matkins2



SECTION II

OPERATIONS OF ALL LASA SYSTEMS

A , LASAPS OPERATIONS

The t r a n s c o n t i n e n t a l  data l ink between SDAC and the LDC

has been on- l ine  con t inuous  at a 4800 baud ra te  for t h i s  r e p o r t i n g

period . The known i n t e r r u p t i o n s  were:  1.8 hrs , 4.8 Kb line not

ope ra t i ona l ;  110.6 hrs , LDC 360 correc t ive  m a i n t e n a n c e ;  141.7 hrs ,

1DC 360 awaiting maintenance and parts; 21.1 hrs , LDC 360 halts

and power outages ; 10.6 hrs , LDC 360 p reven t ive  m a i n t e n a n c e ;  and

3.7 hrs , LDC 360 shu t—down  due to other equipment  outage . Since

SDAC—LDC on—l ine  data operat ions have included equipment / sys tems

testing modes no attempt has been made to log SDAC operations .

Four test signals using sinewaves have replaced the

three  LP and the SP n o r t h — s o u t h  hor izon ta l  seismometer s ignals

at s i te  D2 for  t h i s  r epo r t i ng  per iod.

Operator communicat ions  w i t h  the SDAC con t inued  to be

our main  problem w i t h  the LASAPS opera t ion .  Some of these problems

may be related to t e s t i n g  at SDAC since many s t a r t — r e s u m e  one

second messages are rece ived .  There have been f r equen t  r e s ta r t s

at SDAC request because of i n v a l i d  da t a .  Prior to these requests

there are no indications of a problem at the LASAPS processor but

the  res ta r t s  appear to clear up the data communications with SDAC .

Further , the ring on the telephone data set is barely audible in

the  normal LASA noise env i ronmen t .

B. PDP-7 COMPUTER OPERATIONS

1. Data Recording

Maximum utilization of the PDP— 7 computer for data
• 

3
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recording and event detection continues to be an important part

of the Montana array operation. The LASA Inner Array Recording

System (LIARS) which records at a 10 samples/sec and records only

the 10 inner subarray sensors continued throrghout this nine—

month period except for brief interruptions of array off—line

operations . Off-line operations totalled 160.8 hrs (2.45%) and

downt ine  total led 46.9 hrs (0.71%). Data recording covered

6353.3 hrs (96.61%).

2. Auto—Edit

The Auto—Edit program (Ref . 1) operated th roughout

a major portion of this period. Forty—five (45) master edit tapes

now con t a in  4704 event periods f rom November 1, 1975 th rough

September 13, 1976 for an average of 7.1 days/tape . A new

version of Auto—Edit began on August 7, 1976, which codes the

master tape header with type and seismic location of each event.

3. Event Detection

Automatic event detection at the LDC continued

without any changes in its design. Event detection by the PDP— 7

is used in the preparation of the daily teleseismic reports. All

event detections that were too small to process or were classified

“FORGET” have been added to bottom of the daily Teleseismic Report

as of 28 May 1976. As event confirmations from PDEs are received

studies will be performed to see how many of these event detections

are confirmed. If these other detections prove to be legitimate ,

more time will be spent trying to get a location or a good time

to add to our Teleseismic Event Report.

4
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4. Event Processing

The on—line playout program (APPLE) was used to aid

the analyst in the processing of events too small to pick delay

t imes  f rom Develocorder film . The APPLE program plays out subarray

sum event data from magnetic tape onto a chart record in three

passes : f i r s t , us ing raw data; second , through a filter ; and last ,

forming a beam . Further , a cross correlation routine assists with

the picking of delays .

All delay times from either the film or the APPLE

program are used with the MANBUL program to obtain location and

other event parameter information.

C . ARRAY OPERATIONS

1. Monitoring

The a r ray  and data center systems are moni tored  on

a continuous basis to provide an up—to—date site/sensor status

information input to the LASAPS processor and to alert maintenance

to trouble sources. Interruptions of the array data are shown in

the monthly operations summary reports. SP data was interrupted

415.0 hr during this period ; LP, 323.6 hr. Each SP subarray

averaged 3.5 hr/month outage ; LP, 4.0 hr/month. Table I indicates

the data interruptions by the purpose of the outage and Table II

shows a summary by subarray of the outages.

2. Communications Monitoring

Monitoring of the array communications circuits

between each of the thirteen subarrays and the data center

indicated about the same level of performance as previously

observed . The long term circuit availability (since DEC 1970)5
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of array circuits did not change from 0.99687. Circuit outages —

those which normally exceed 2 or 3 minutes - of each subarray are

shown together with the short—and long—term circuit availabilities

in Table III.

The extended outages exceeding a two—hour duration

are listed in Table IV. Approximately 52% of these outages

resulted from either lightning or man—caused incidents.

3. Array Calibrations

Sinusoidal claibrations are performed daily using

Program TESP for the SP seismographs to determine the condition

of the array equipment . LP seismographs are routinely tested

each week using Program TELP for sinusoidal calibrations , Program

FREEK for free period measurement , and Program MASPOS for measur-

ing and positioning the LP seismometer masses. Other computer

controlled tests are periodically performed.

( D. ANALOG SYSTEM

Throughout this reporting period the two LASA Shor t

period Develocorders operated on—line with the array. By using

two units and alternating them daily one is always in operation

even during film changes and one is ready for recording in case

of a malfunction in the operating unit . The recording format

consisted of center holes from the C—and D—Ring and AO subarrays

except D2 which uses the analog summation signal plus the

attenuated signal from AO .

Develocorder film recordings dating from 24 DEC 73

are stored in the library.

7
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E. DATA LIBRARY

Record ing of t he a r rays  sei sm ic data  a t t he LDC covered

6353.3 hrs or 96.6l~ of the past nine—months . These 9460 record-

ings were recycled through the LDC ’s Data Library so that each

recording was retained for at least 60 days before reuse .

The LASA Data Li brary contains the following tapes

LIARS Backup Recording Cycle 2101 Tapes

LDC Perma nen t Ta pes 547 Ta pes

AUTO-EDIT Mas te r  Tapes 45 Ta pes

Cal ibr at ion Per iods 99 Tapes

Six shipments totalling 47 tapes were made to SDAC

during this reporting period .

D. Gress and R. Matk ins
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SECTION I I I

ARRAY PERFORMANCE

The performance of the array as determined locally is

based on the results of our seismic event processing , SP and LP

seismometer testing and reliability studies. Results from each

of these activities are summarized in the following paragraphs .

A. Seismic Event Processing

1. Teleseismic Processing Results

Following the teleseismic processing procedure

descr ibed in Refe rence  1, we have reported to vSC 2897 events

and 508 phases between January 1 th rough September 30, 1976. These

events are classified in Table V and show an average of 19.4

detections reported per day. Approximate locations have been

indicated for 60~ of the detected events. Figures 3.1 and 3.2

/ show distributions of the detections by event classification and

the percentage located each month.

Magnitudes were determined for 1688 of the located

events. The smallest magnitude reported was 3.4 ; the largest 7.3.

Figure 3.3 shows the distribution of these event magnitudes . The

distribution of all 2883 event magnitudes reported since this

effort began on June 16, 1975 is shown in Figure 3.4.

2. Near—regional Detections

The LASA near—regional detection reports which

indicate a portion of the near—regional activity and identify

interferr ing signals continued with 32 reports issued between

January  1 and September 30, 1976. A total of 169 near—regional

11 f( PRECEDIIG PAGE BLA~*(~N0T ?IIML~D
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TABLE V

Classif icat ion of Detec ted Teles eismic E ven ts

June 16 — December 31 , 1975

Even t  C la s s i f i ca t i on  Number of E v e n t s  D a i l y  Average

Located teleseisms 1692 6,18
( exc lud ing  PKP ’s)

PDP (located) 55 0,20
PDP (unlocated) 286 104
Poor or weak teleseisms 864 3.15

(not  located)

pp Phases 277 1.01

Other Phases 231 0.84

Unprocessed detections 977 6. 96
(s ince May 28, 1976)

Total 4282 19.38

12
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or r e g i o n al  a rr i v a l s  were covered. Unid entified events account

for the majority of the arrival s . Locations W e I ’ I  estimated for

23 events .

per iod ic  s u p p l e m e n ts  t - ( - I C C ) r I  t I n -  b l a s t i n g  a c t i v i ty

at t h e  known stri p mines located near  the LASA. Table VI shows

the number of blasts detected from each of t h e  several strip

m i n e s in the region . The blasting activity during this nine—

month period increased by about 12~ to an average of 5.8 blast s-

day from 5.2 reported for the previous period.

3. Comparison with NEIS Reports

The LASA data center teleseismic reports are com-

pared with the Preliminary Determination of Epicenter (PDE) reports

received from NEIS as time permits. Bet ween June 16 , 1975 and

June  9 , 1976 . t he  LDC r epo r t s  covered 1836 of the 3910 even t s

listed in the PDEs (1975 thru 46—75 and 1976 t h r u  08—76) or 47.0~~.

Comparison of the magnitudes calculated at the LDC

with those listed in the PDE ’s results in the distribution shown

in Figure 3.5. The LDC determined magnitudes averaged 0.04

Richter units greater than those reported in the PDEs for a

p o p u l a t i o n  of 1270 e v e n t s .  Since t h e  PDE v a l u e s  a rc  t l iem s e l v e s

averages , t he  compar i son  shown here is i n d i c t i v e  of  the quality

of the LASA estimates but does not allow making any corrections

or modifications to the local method of determining event

magnitude .

Comparison of a limited number of event locations

has been made between the LDC reports and the PDEs. Using 550

even ts , the  f i r s t  to be repor ted  in the PDEs during the period

17
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TABLE VI

~~u m m a r v  of SI  r i p — m i n e  B l a s t i n g  A c t  i v i t  ies R~-p u r  ted Nv LDC

,Januarv 1 — Sep tember  30 , 1976

NumhC~~ Blas ts
Location Reported

(~~is trip , I~1T (WE ) 574 (35 .9’)

Decker . MT 326 (2b .4~~)

Sarpv  Creek , MT (W)  194 (12. l’)

Coistrip, MT (P) 181 (11 .3’;)

W o mi ng  112 ( 7 . ( Y )

B r i t i s h  C o l u m b i a , Canada 107 ( 6.7-;)

U n k n o wn . NE 74 ( 4.6’;)

Unknown  12 ( 0 . W )

S o u t h  Dakota  9 ( 0.6’;)

S’-i~~m ic (‘rew i n  Array . Ser i e s  of S hu t s  ()~~~~ )

Roundup, MT 2 ( 0 . l~ )

W a r r e n  , MT I 0_ r;

TOTAL 1598 ( 100 ,O’)

18
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June 75 and Jan 76, which had been located from P—wave arrivals ,

the location differences averaged 5.8 degrees (a , 0.51 deg).

4. Detection Threshold

An estimate of the detect ion threshold of the events

shown in the LDC reports has been made . This estimate should not

be confused with the LASA detection threshold and the ability of

the array to detect events . The threshold value described here

refers to the events with magnitudes calculated and included on

the LDC teleseismic reports.

Using established methods (Ref 2) the detection

threshold for events included in the above reports is estimated

at 4.97. This value , based upon 2560 event magnitudes reported

between June 1975 and July 1976, is the magnitude above which the

report covers 90% of all events .

B. SP SEISMOMETER TESTING

1. Performance Measurement Using Program TESP

Weekly measurement of each of the LASA short period

seismographs is provided remotely by PDP—7 program TESP, which

measures the seismograph response to a one second sinusoidal

signal . During the past 15 months the average mean sensitivity

of the 210 LASA SP seismographs was 19.83 mV/nm at one second

periods with the average standard deviation being 0.83 mV/nm .

The tolerance limits for the Sp seismograph sensivitity have

been set at 20 ±3 mV/nm . The results  of the weekly tests for

the past nine months are summarized in Table VII where -~he number

of functioning sensors , sensitivity mean , sensitivity standard

deviation , maximum sensitivity for the array , minimum sensitivity

20
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fo r  t h e  a r r a y ,  and the  difference between the maximum and minimum

sensitivity are given by week .

S e n s i t i v i ty  is a function of the output of the

scismometer divided by the i - iput to the seismometer and is

c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  r e l a t i o n s h i p:

I4ir~M \E - 3 ES =1 1 - 1.01 x 10 ....~~. vo1t s~~rnt- ter

~~~ T-~)J i

where  S = SP Channel S en s i t i v i t y  at per iod T
M = SP Seismometer moving mass
E— SP Channel Output Voltage

SP Seismometer generator constant
I Calibration current in amps into the SP seismc,metcr

Calibration Coil.

2. Seismometer Natural Frequency & Damping Measurements

The SP seismometer natural frequency and damping

field measurements completed this period have oni slightl y

revised the distributions of these two parameters. Histograms

of the natural frequency and damping measurements are shown in

Figures 3.6 and 3.7, repsectively. The two sensors with a damp-

ing ratio o .643 were surface (10 ft. deep) installations at

subarray Dl. The measurements were made during a windy day

caus i tig the instruments to be v er y  noisy so the rat io may not

DE~ cor i ’ ( - ( t

3. SP Sensor R ep l ac-~m en t s

A b r i e f  a n a l y si s  of  t h e  rep l a c e m e n ts  and r epa i r s  of

the  SP sensor e q u i p m e n t  shows 21 d i f f e r e n t  WHV m a i n t e n a n c e  ac t ions :

two s c i sm o me t e rs , 16 a m p l i f i e r s  and three wellhead vau lts. One

seismomi~ter was tested to measure t h e  d a m p i ng  i -a t  iu  and one was

re p la ced because of low o u t p u t .  Three we l lh e a d  v a u l t s  were

dr ied out and sealed to correct leaks . The 16 RA-5 amp lif i er

22
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replacements corrected seven inoperative channels , six distorted

o u t p u t s , and three errat ic and unstable outputs.

C. LP SEI SMOMETER TESTING

1. Performance Measurement Using Program TELP

Program TELP measures the  response of the LASA

long period seismographs to a 25—second sinusoidal signal. A

summary of the weekly tests for the 15—month contract using

program TELP show an average mean sensitivity of 339.9 mV/~.zm. The

tolerance l im its for  the  27 long per iod seismographs have been

established at 350 ±50 mV/~.&m. Table VIII is a summary, by week ,

of t he  t e s t s  for  the  past 9 months . Included in the  summary are

t h e  number of f u n c t i o n i n g  sensors , sensitivity mean , sensitivity

standard deviation , maximum sensitivity for the array, min imum

sensitivity for the array , and the difference between the maximum

and m i n i m u m  s e n s i t i v i t y .

S e n s i t i v i t y ,  a f u n c t i o n  of seismograph output  div ided

by the input , is calculated according to the following relationship.

(41T2 M\ E0
S I I = 22.56 volts/meter

~~~ T2/I i

where  S = LP Channel Sensitivity at period T
M = LP Seismometer moving mass
E0 = LP Channel output voltage

= LP Seismometer generator  cons tant
I = Calibration current in amps into the LP Seismometer

Calibration Coil.

2. Results of MA SPOS and FREECK

The free period of the array ’s 24 LP seismorneters

averaged 20.02 seconds (a, O.lOs) over the 38 weeks of this

reporting period . Remote adjustments to maintain the free period

to a 20.0 ± 1.0 seconds totalled 54 for an average of 1.4 per test.
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The extent of the frequency variation is shown b y t h e  ave rage  (~f

tht- standard deviations of t h e  each week~~s tes t  d a t a .  Prior to

t h e  remote adj u s t m e n ts  t h e  ave rage  s t a n d a r d  d e v i a t i o n  Was 0.65

SOC and  immediat ely after 0.52 sec .

Mass posit ion  - en t e r i n g  to within t i  .40 mm t ” - qu i r ed

229 r emote  adj u s t m e n t s , an average of 6.1 per test

3, LP Se ismometer  P o s i t i o n i n g  A n a l y s i s

The long term positioning statistics for t h ~. LP

seismometers are shown in Table IX where the remote a d j u s t m e n t s

for both mass positioning (since 6 DEC 71) and free period correc-

tion (since 2 JAN 73) are shown and total 1710. The mean— time—

between—adjustment (MTBA) for each seismomoter is shown and varies

from 11.26 days for sensor D4 N/S to 92.03 days for sensor D3 E W .

The average MTBA for the array is 0.91 days and for a seisniorneter

is 24.70 days .

D. RELIABILITY

The reliability of the Montana array systems is des-

cribed in terms of equipment failure rates , mean—t ime—between-

lailu i- ..-s (MTBF) , and system availability figures .

1. Failures

Failures , defined as a condition which requires the

rep lacement  of a f a u l t y  component  to r e p a i r , are dec la red  a t  the

t i m e  t h e  m a i n t e n a n c e  w or k  o rder  is c o mp l e t e d  and the failed co’n—

pone n t  has been i d e n t i l ’ i e d . C on d l t i o n s  wh i c h  can be c o r r e c t e d

by a d j u s t m e n t  or r ep l a c e men t  of  such items as batterie s and laIIj )s

are cons ider ed  as t r o u b l e s  h u t  not Jailures .

The long  t e r m  f a i l u r e  r a t e s  and MTBF hj s t oi y of the

2S



LASA e q u i p m e n t  are shown in  Table X. Data used in these s t a t i s t i c s

cover the  periods b e g i n n i n g  March  1970 and Ju l y  1973 and  ex teII d lrI 4

t h r o u g h  September 1976 . W i t h  the  excep t ion  of ’  the  two c o m 4 ) 1 I t 4 ’ I -

sstems and the analog system , the MTBF increased b r  a11 s v Sl ” r m

from the intervals shown in our first semi—annual report . Tli. ’

‘PDP—7 computer had a 7.9% increase in MTBF ; the Analog system ,

l.8~ and t he 360 compute r s y s t e m , 0.5~, .

2. Systems Av ailability

System availabilities are calculated foi’ th e s i ’~:

primary systems or groups as an aid in evaluating the LASA

o p e r a t i o n a l  p e r f o r m a n c e .  The availability or uptime factors are

shown in Table XI. Using  these f i g u r e s , the  f i f t e e n  m o n t h

availability averages for the three major system configuratio n—

ar e :

LASAPS/SP Array 0.95280

LASAPS/LP Array 0.94726

LASAPS/Backup Recording 0.97484

D. Gress , R , % l a t k i i : s .
and T , Smith
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SECTION IV

I MPROVEME NT S AND MODIFICATIONS

A. PDP-7 PROGRAMMING

The development and maintenance of programs for the

PDP—7 computer provide an important part of the overall task of

operating and improving the Montana Array as a seismological

observatory. Several program s and program changes were necessary

to accomp lish the requirements of Project VT/6708. These are

l isted i n Ta ble X I I .

Programming changes made during this reporting period

i n c l u d e d :  (1) add ing  t h e  ability to classify events on the edit

tapes  produced by t h e  AUTO—EDIT p rogram ( R e f .  1 ) ;  (2) puttin g

the LASA material inventory program on—line with such operator

features as search and edit , update , and list; (3) outputting a

10-second t ime tick to the Develocorders by the LIARS program ;

and (4) updating the seismograph broadband calibration programs

(RPGONE and RPGTWO) to operate with LIARS recorded data tapes.

C. Lidderdaic .oid R , M a t k ins
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TABLE X II

PDP-7 PROGRAMMI NG ACTIVITY

J u l y  75 — Sept ember 76

DATE
PROGRAM VERSION BY APPROVED

AUTO—EDIT 1 Potter 09/75

APPLE 2 Lidderdale  10/75

AUTO-EDIT 2 Po t te r  10/75

AUTO—EDIT 3 Pot ter  11/ 75

APPLE 3 Lidderda le  03, 76

MATERIAL INV 1 Lidderdale  05/76

DIAZ 1. Pot t e r  ( 443 76

TESP 12 Lidderdale 06, 76

RPG I 3 Lidderdale  06/76

LIARS 2 Lidderda le  0 7 ,7 6

AUTO—EDIT 4 Pott er 08/76

RPG II 5 Lidderdale 0 8 - 7 6

TESP 13 Lidderdale 09/76
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SECTION V

MAINTENANCE

LASA maintenance activi ty is divided into three d i l l -  ‘ n t

( - a t e g o r i e s : Data  Center  (LDC ) , Maintenance Center (1,\1C ) and

F:i~~ilitie s Support. The LDC in Billings opCrat~-s and maintain s

f h e  f o l l o w i n g  f ive systems: The IBM 360/44 computer , the D E (’

PDP-7 compute r , LDC Digi ta l , LDC Analog, and t h e  LDC Te’- t  m d

Support. The LMC located in Miles City main tain s all array l’qUip—

ment systems which are comprised of SP Sensor . LP Sensor , Meteoro-

logical , SEM , and power . Facilities Suppor t p r o v i d es  m a i n t e n a nc e

of b u i l d i n g s , veh ic les , land leases , and array faci l it i’s such as

c a b l e  t r enches , access t r a i l s , fences , Wh y s i te s , and  CT!! si te s .

~t .  Summary

Maintenance activities during this nine month pl ’ I ’io d

saw emphasis on subarray inspection , preventive mainlf ’nan (-4,- at

ho t.h LM (’ and LDC , shop checks and r e p a i r  of SEM and SP e q u i p m e nt ,

r epa i r  of m e c h a n i c a l  assemblies at  LDC , installation of’ an LP

Develocorder  , an antenna stud y f o r  W ’.V\-’ r e c e i v e r , an d  ti-ainin g .

A summary of the total maint enanc e activ i t y is  g i v e n

i n  Table X I I I  where  t he  number of work order  a c t i o n s  i n  t h e  LMC .

LDC , and u t i l i t y  areas are shown . The 725 completed work orders

represen t  976 separate  and t r aceab le  act  ions  b y he ma~ n t en a n cc

a c t i v i t i e s  and s ince severa l  r e p a i r  a c t i o n s  may r e s u l t  f r o m  the

clearing of one p a r t i c u l a r  t r o u b l e , t he  number  of m a i n t en a n c e

act ions can exceed t h e  number of w )rk orders . The w e u l ,  orders

do not  i n d i c a t e  the  man—hours  i nvo lved  but  are indicativ e of the
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work load , The sys tem work orders completed cons i s ted  of 356

preventive ma in t e n a n ce rout ines , 179 correct ive maintenance , one

m o d i l i c a t i o n , one special test , and 101 utility actions . A

t o t a l  of 78 i tems of equ ipmen t  were repai red  in  t he  LMC and LDC

shops . The backlog in  the shop of 28 i tems w i l l  be repai red

d u r i n g  t he  w i n t e r  months .

B. Data  Center

F ive  sys tems m a i n t a i n e d  at the  LDC are the  I BM—360/44

Computer , the DEC PDP—7 Computer , the Digi ta l , the Analog , and

t h e  Test and S u p p o r t .

A t o t a l  of 298 work orders were comp leted for  470 in a in t e—

ance  a c t i o n s  plus 5 card repairs in the shop . Table XIV provides

a breakdown of t he  LDC m a i n t e n a n c e  ac t ions  by s y s t e m  and m o n t h .

,.\ total of 93 man—hours  were spent on t r a i n i ng  on the  LDC equ ip—

mf-Ii t

1. System 360

The ma intenance  respons ibilit y  f or t he IBM 360/44

is handled locally with assistance from IBM as needed . The LDC

:16(4 system co n s i s t s  of (1) a 2044—G Process ing U n i t , (2 )  a 1052—

7 Printer.’Keyboard , (3) a 250 1—Bl Card Reader . (4)  an 1827—1 Data

(‘ii ri ti ’ el Unit (5) an 1826 Data Adapter  U n i t , and (6) a 270 1—1 Data

A d a p t e r .  D u r i n g  t h i s  per iod  t he re  were e leven  repa i r s  on the

sy s te m  and 25 p r e v e n t i v e  ma in t enance  ac t ions .

The 1052 un i t  ove rhau led  by IBM was ins ta l led  in

February and the lease terminated on the IBM u n i t .  Of the  11

sy s t e m  failures during this period 7 were caused by t he  1052 . A

t i l t  t a p e , t he  t y p e  b a l l , the  C7 contacts , and the Carrier Return
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TABLE XIII
SUIIIflRY — LJCRK ORDERS

.JPN1I~~PY — SEPTEMBER 1976

BACKLOG PRCKLOG
“~T~~~T OF END OF

..IC~~K ORDER TYPE PERIOD INIT1~~TED COrFLETED PERIOD

LIIC
S Y’5TE 1’ —~ I 250 251 0
SUB~ S3EM8LY-8 32 46 72 6
COMPONENT -C 11 5 3

33 301 326 8

LOS
~, ; ‘1T[ M -‘

~~ 8 294 293 9
SUE~~S3 EM6L 4 -E 0 3 0 3
CO IIF ’47N ENT —C 17 5 5 17

TOT O LS 25 3112 298 29

JT ILJT ’ ( 14 83 10 1 I

:7’ 117:1117 s:Tc~ L :  72 691

TABLE X IV

DPTR CENTER TIP INTEMPNCE RCTIONS

JRNUPRY - SEPTErIBER 1976

JPN FEB t1P R ~PR TIPY JUN JUL PUG SEP TCTPLS

3513
I 1.’: 0 2 2 .,. 1 1 1 11

PREVENTIVE 43 6 3 ‘3 3 2 0 5 3

P D P - 7
5”lRRECTIVE 4 4 1 5 3 6 4 1 10 343
PPEV ENT I- - E 23 24 25 26 24 22 20 213 2~. 21 7

1 ‘
11 0 1 1 0 11 2 2 1

-r 4 q 4 5 4 ‘
~ 

~

lZ441 ~~ L’
4 1 2 2 3 3 2 1 18
4 a o s. ii o s c :6

111 -T 1-412’ ‘- . 71101- 7
7 1 : 4  — 7 

‘~

471 1 ‘ -~ 7 3 . ‘ .1 22

r r ”  . 1 ’  ‘.-4~~~~~
’- ,12 5’ 55 45 5,’ 52 4111
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I n t e r l o ck  Co n t a c t s  were rep laced  as wel l  as a d j u s t m e n t s  of t he

print s h a f t  , (‘7 cam , and escapement  l i n k a g e .

The sealed bea r ings  f a i l e d  and were replaced in  t h e

t a n  motor used for  cor e’ stack cooling . This problem was corrected

b ef o re  an~’ heat  damage could occur  to t h e  CPU .

An i n t e r m i t t e n t  t r oub l e  r e s u l t i n g  in occassional

power d rop  out of the  2501 and 2701 cleared i t se l f  a f t e r  power

cv ( ’ l~~ng t h e  s y s t e m  several  t i m e s .  I n spec t i on  of K24 s t e p p i n g

s w i t c h  c o n t a c t s  did not  show any  evidence of dirty contacts . It

is suspected dirty contacts “self—cleaned ” after repeated cycling

of K 2’l .

Two CPU fa i lure s resul ted in ex tended down time ,

both troubles nccuring during three—day holiday weekends . A

5800516 card lailed in location lA—C4C4 that caused a continuous

“privi1ied~~ d eperation ’ condition in the CPU not allowing any

0111 * 1’ iiiS t l ’U (’liOflS to be comple ted  thus  h a l t i n g  the  sy st e m .  The

other failure was caused when the “Invalid OP Decode ” c i r c u i t

stopped machine operation with a continuous “Invalid Operation

(‘ofldi~~iOfl. Extensive trouble shooting by LDC ana IBM tecnnicians

l’a i led to f i n d the  source of t he problem. Operation was restored

l)V installing a modified 5803350 card in location 1AC4E4 which

allows legitimate “Inval id Operation” cond i t ions to stop the

machine but eliminates the continuous level. Trouble shoo~ting

will continue on this problem on a non—interrupt basis of the

system operation.

The sys t em opera t ed w i t h o u t  any t r oubles dur i ng

.January and May of the nine month period .
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2. PDP—7 System

Mai n te nance of the  LDC ’s PDP— 7 computer system

includes the perip heral equipment as well as the basic CPU .

Thes- ’ devices  i n c l u de  (1) a Burroughs  Card Reader , (2)  a KSR—35

T e l t ’t v p e w r i t er , (3) f o u r  MM SC 7296 Magnet ic  Tape 1*t i v e s , ( 4)

a V er sa t ec  LP— 1150 Line Pr i n t e r , (5) a Data C o n t r o l  U n i t , (6)  a

S e r i a l  O u t p u t  U n i t  . and  (7) a Paper Tape Reader—Punch.

T he re  were 38 r epa i r s  on t h i s  s y s t e m  and 217 pre —

v e n t i v (  m a i n t e n a n c e  r o u t i n e s  comple t ed .  The repai r  d i s t r i b u t i o n

was :  t a p e  u n i t s , 16 ; t e l e t y p e w r i t e r , 5 ; l i n e p r i n t e r , 4 ;  card

reader . -1 ;  paper t ape  reader , 2 ;  and paper t ape punch , 1. M ost

of t h e  t r o u b l e s  were  r o u t i n e  a d j u s t m e n t s  and rep lacem e n t  of

bulbs  ard worn  mechanical parts.

Two f a i l u r e s  in  t he  CPU required extensive trouble

shootin~~. ~\ bad w i r e  c o n n e c t i o n  in t he  E x t e n d e d  Memory  C o n t r o l

u n i t  w o u l d  j j ~~l a l l o w  t raiisfc’r of p r o g r a m  d a t a  pre cut lug norma l

( Ipe ra t  i o n .  A had Li  c o i l  on a 4407 card in  3Ei of  t l ie t ape  c o n —

t r ol l e t  prevented recording of  da t a  at  the  norma l 800 c h a r a c te r s

pt- i ’  i nch  (CP 1

F a i l  t ir es  i i i  a t ape u n i t  ( \ 1A 1 SC 7296) rm’q u 1 114 (1 - a l ’ :i

repair s. A s h or t  i n  t he  capstan d r i v e  c i r c u i ts  i n  t a p e  c u t  ~~~

1’ ’ ’ i u  i r ed  r ep a 1 r~; t o  cards  J6 , J7 , J10 , and .J 11 . At  a l a ter  d a t e

t h i s  ‘in i t N o U  d net ‘‘wi- i t  e ’’ due to  a I a ul  t v ‘‘ IC ’’ componen t  on t he

W r i t  t’  F: nahh ’ (‘a r d .

An appa i ’c-n  t t e le l  vpewr i t e r  I a  1 lure required rep l ace —

men t  o f a ba d 140~’ card in t h e  KS R— 3 5 i n t e r f a c e  cir cuit in t h e  CPU .
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3 O t h e r  LDC Sys tems

The other systems maintained at the LDC are the

I)i g i ta l , Analo g, and Test and Support Systems.

The Digital System includes the PU NS , MINS , two

id entical timing cabinets , and the inverter operated power system.

There were 8 repairs and 53 preventive maintenance routines per-

formed on this system during this period . The repairs were two

TOD adjustments , tw o TOD cl ock equ ipment  checks , replacement of

a bad K2 in the power Control Drawer , re p lacemen t  of lamp in t h e

inve i-te r meter relay, and two corrections in the Scope Outputter

a f fecting telemetry and analog output.

The cabl ing between the two identical timing cab-

in et S was modified and rerouted to simplify operational change

be t ween  t h e  two redundant systems . It will now be easier and

q u i c ke r  t o  switch LASA timing from one cabinet to the other for

1~~~* ’ ~~e I i t l V e  maintenance and to cot’i’ect for malfunctions .

The Analog System covers the 96—channel ft A con—

\“I’~~~i (,fl equipment , th e D -A patch panel , the analog timing equip-

Iflen t . the WWV receiver , and Develocorders. Completed were 16

p r e v e n t i v e  m a i n t e n an c e  r o u t  i t u e s  and 18 t r o u b l e s  c o r re ct e d .  Out

of  l~ t r o u b le s , 13 were m l noi repairs to Dev*-locorders excep t fo r

r ep l a c e m e n t  o f  one f i l m  d r i v e  motor. The o the r f i v e  were r e p a i r s

m i  a n a l o g  t imi rig r 1 ocks , Dc - 1 ’  r der  rack  , and the 16 channel

1’ * c or dci’

l f l  S e p tem b er  a f r e q u e n c y  d i v i s i o n  m u l t i p l e x  s y s t e m

was i n s t a l l e d  b r  t h( ’ A l b u q u e r q u e  Sei smolog ica l  L a b o r a t o r y  (ASL)

The telep hone l i n e  WaS i r i s t a l l  1 by t h e  local t e l ephone  company

40

IS - -



and e x i s t i n g  c a b l i n g  and space was used in the analog racks .  The

cabl ing  was f o r m e r l y  used for  a s imi lar  Lincoln Laboratory system.

The ASL is now receiving 3 signals from LASA . Any sensor is

available through the analog patch panels.

Since major construction to the telephone company

bu ilding to the south of the LDC building , we have experienced

problems w i t h  a weak and i n t e r m i t t a n t  f ad i n g  WWV signal. Follow-

ing a s tudy of the s i t ua t i on, we have concluded tha t  more s ignal

c a p t u r e  area and more v e r t i c a l  h e i g h t  of our a n t e n n a  are needed

to clear the telephone building shadow zone . We determined that

f a d i n g  is pecul ia r  to our phys ica l  locat ion and t h a t  5 MHz is the

most reliable. We are now constructing a one—half wave 5 MHZ

vertical helix—wound antenna that will be installed on an existing

65 foo t  tower on t he  roof of the  LDC b u i l d i n g .  The a n t e n n a  is

being made by LDC personnel using fiberglass construction and will

be for  r e c e i v i n g  o n l y .

Film recording of LP data from two subarrays at a

time started in February . New subarrays are recorded each week

and films reviewed for UP system problems .

The Test and Support System encompasses not only the

two Maintenance Display Consoles (MDC) but all other equipment for

the support of the data center ’s operation such as the environmental

equipment (air conditioners , electrostatic air filters) and the film

vi ewers and copiers. Of 74 maintenance actions on this system , 42

wer e corrective and 32 were for preventive maintenance routines . Of

the 42 corrective repairs , 29 were rout inely expected bias battery

rm ’nlacements in the MDC units.

The only major failure was the blower assembl y f o r
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the 15 ton r o o f t op air cond it ioner used for  the compu ter room .
,

A sealed bearing froze on the squirrel cage shaft causing the

sheet metal mount to tear . The complete assembly had to he

removed f r o m the  roof , the housing welded , new bearings install ed

on the shaft and the assembly re—installed. The blower m o t o r

bear ings were replaced while the system was down.

C. Maintenance C e n t e r

The LMC supports the LASA operation with both array

act ivities and shop testing and repairs .

The systems ma in ta ined by LMC are t he SP , UP , SEM,

Power , and Weather Station.

The personne l at  LMC completed 326 work orders represent-

ing 405 separate maintenance actions plus 72 i tems r epa i r ed  in the

shop. The array work orders included 64 corrective maintenance ,

183 preventive maintenance , one mod i f icat ion , and one special

test.

1. Array Activities

Table XV shows the array maintenance actions by

system and month required to suppor t the LASA during this 9 month

period. To accomplish this maintenance , 197 visits to CTH ’s and

22 visits to WHV ’s were made during the period. This was done with

154 t r i p s  to the field plus 5 trin s to the Malmstrom AFB PMEL

covering a total of 19 ,460 mil es .

The field repairs were all of the expected type that

includes RA—5 Amp lificr and HS—lO— IA Seismome tei’ replacements and

adjustments of channel levels and offsets .

A l l  of t h e  s u b ar r a ys  were v i s i te d  and  checked d u r i n g

42

IS - - - - - -



til e winter although til e Snowcat was used extensivel y dur i n g

January . In F e b r u a r y  t h e  roads were ve ry  muddy  c u r t a i l i n g  m u c h

ot’ t h e  h old a c t i v i t y .

The s p r ing  me l t  of snow was ve ry  g r a d u a l  and  t h e r e

was no damage in the vaults from water . There were no incidt’nce s

et lightning damage to t h e  e q u i p m e n t  th i s  s p r i n g  and summer . Th e

su b ar r av  vau l ts and w e l l — h e a d  v a u l t s  were in  good c o n d i t i u : i  a n d

di-~’ at the end of the summer season.

Lar ge port ions of land in the  a r ray  have been plowe d

by the landowners to plant wheat. Contour plowing was not used

and all i-cads , trails , creekbods , an d gu l leys wer e p lowed over and

filled in these areas . Although we still maintain our right—of—

ways in t hese areas ; we anticipate difficult y i n  r e a c h i n g  c e r t a i n

WII V’ s and CTII ’ s w h e n  t h e  g r o u n d  becomes wet  d u r i n g  t h i s  nex t

w i n t e r  and  spring.

2. Shop Activities

The e x t e n t  of t he  shop work is  summar i zed  in Table

x~ i .  Shop a c t i v i t y  is m i n i m a l  d u r i n g  f a i r  w e a t h e r  when  most

a c t i v i ty  is cen t e r ed  in  the f i e l d.  W h e n  t r a v e l  c o n d i t i o n s  l i m i t

f i e l d  work , m a i n t e n a n c e  ~C t i v i t y  is c o n s e nt r a l t ’d  on t h e  shop

r e p a i r s .

D u r i n g  t h e  w i r u t * i ’  t h e  back log  i t e m s  w i l l  be r e p a i r e d

p l u s  c h e c k i n g  of s t a n d — b y  u n i t s  no t  used w i t h i n  the  las t  year .

P a r t i c u l a r  a t  t (nt ion is being given op era t  ion at e n v i r o n m e n t a l

t e mp e r a t u re s  Ut i i  i z in g  t h e  LMI’  }nvironmental Chamber for a l l

ad justments and checkouts.
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TABLE XV
~R~ RY tIPINTEF1PNCE PCTIQNS

— SEPTEtIBEP 197E-

JPN FE B M~ P PP R MP’v’ J IJN JUL PUG SEP TOT~ LS

Sp
3 B ‘

PFE- d E HT I - / E  13 13 14 2 1 19 14 13 13 13 13

LF’
Tf l ~~~’ E C TIV E  2 3 1 1 1 1 4 1 1
PPEVE NTI’ \- ’E 0 0 g 

~ ~ ~ C U C-

‘5- F
2 0 2 6 1 ‘3 0 3 0 17

P R E~ T I H T 1 — E  4 ~ 6 4 3 5 5 3 12 4~

pf l : t[ P
r I ~~FErT1V E I C ‘5 1 0 1 0 ~ 0
PFE- - E H T I , E  4 3 ~- 4  3 5 ~ ~ 12 45

i - i F ’ ,  ~~ E P ‘5TI~T I 2 H
fl ~ 0 2 n o 1 0 0 0

~~~F ’EHT: -f n i’l ~ ~ 0 1 ~ 

5 22 75  ‘57 7 5 2 ~R 39

TABLE XVI

EQUIPMENT SHOP REPRIR SUMMRRY

JP NU R RY - SEPTEr1BE~’ 1~~75

J~i4 FEE M~ P l~~~P MR’i’ Tilt-I JIlL PL~ ~EP TCT~ LS

‘SEM P’5’SFJ1EL~~E. ’~ 
q 

~ -• C 0 C 21

SP P’53ENBL~~fl 15 16 2 0 0 B 4 47

LP -EIIF1 IE’S 0 0 £1 I f  0 0 C 0 C C

r :’r- - i r s  r ~ o 0 El C C

71_ IF’ 1 1 2 1 111 0 0 1 0 4

[~~p ~_2- ‘f:’ ” 1 1 1 1 0 2 2 0 0

7 25 11 1 5 10 ‘I 1 79
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All  79 repairs  were made at LMC except for five

at  t h e  LDC . Of t h e  47 SP assemblies  repaired , 36 were RA—5

a m p l i f i e r s , 9 were H S — l O — l A  se ismometers , and 2 were RA—5 power-

s u p p l i e s .  The 21 SEM assemblies repaired or checked were 8

In put Drawers , 5 MUX units , 4 Output Drawers , and 4 PDC Drawers.

D. Facilities Suppor t

LASA ope ra t i ons  are suppor ted  by the facilities and

vehicles available . These both require attention for their con-

tinued p r o v i s i o n  and maintenance. The land required for the

a r r a y ’s CTH , LPV , a nd Wily s t r uc tu r e s  as well  as the bu ildings

housi ng t he LDC and LMC are essen t ia l.  I n s u r i n g  proper ope ra t ing

veh icles used for travel between facilities requires maintenance

suppo r t .

1. Land Provision

P r o v is i o n  of t he  land for  the a r r a y  r equ i res  50

leases . In  t h e  i n t e r e s t  of good r e l a t i o n s  w i t h  t h e  l andowner s .

82 contacts were made to deliver lease checks , discuss su ba r ray

access t ra ils , and other matters concerning the land use.

There  was o n l y  one locat ion w i t h  d r i l l i n g  a c t i v i t y

w i t h i n  t h e  a r r a y  t h a t  could a f f ec t  se ismic  d a t a .  A w e l l  was

d r i l l e d  in  J a n u a r y ,  l~ m i l e s  f r o m  sensor 82 at Suba rr ay  C2.

Plowing of land within the array was extensive all summer during

daylight hours.

2. Land and F a c i l i t i e s  M a i n t e n a n c e

The a m o u n t  and t ype of u t i l i t y  work orders engaged

in  d u r i n g  t h i s  per iod  for the LMC is shown i n  Table X V I I .  The 101

completed work orders show 65 for a c t u a l  repa i r s , 18 for f acility
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TABLE XVII

SUIIIRRY - UTILITY WORK ORDERS

JANU A RY - SEPTE MB ER 1976

BA CKLOG BA CKLOG
‘START OF END OF

WORK ORDER TYPE PERIOD INITIATED COIIPLETED PERIOD

CABLE TRENCH AND
TRAIL INSPECTION 13 2 15 0

CABLE TRENCH
BACKFILL 0 1 1 0

LIHV S ITES
LANDSCAPED 0 21 21 0

MARKER POST OR
W HY COV EPS
PE~ I AC ED 1 3 4 0

CTH MAI t -ITENAF1CE 0 29 28 1

‘-~EHICLE MA INTENA NCE
JN5PECTIDI’t 0 18 18 0

FElICE INSPECTION 0 3 3 0

7~~~IL REPAI RS 0 £1 0 0

LIlL FACI L~~T (
0 i i  11 ii

72 ~kL. ‘5 14 88 101 1
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inspect ions , and 18 for vehicle maintenance/inspections .

The LMC facility was inspected in Januar y by the

local power company and found all heaters and venting to be

s a t i s f a c t o r y .  A l l  heaters  were serviced and the landlord replaced

some deteriorated sidewalk in front of the building.

The access to s u b a r r a y  AO has been regraded and

s u r f a c i n g  improved .  This  t r a i l  had washed out and was d i f f i c u l t

to negot iate . The cable trench was refilled between WHy ’s 51 and

71 at s u b a r r a y  D3 where  cables w e r e  exposed by runoff. A small

dam was made to d i v e r t  f u t u r e  r u n o f f  away f r o m  the  t r ench .

3. Vehicles

Aeronutront ic Ford provides three pick-up trucks

for  use at t he  LMC by the  f i e l d  crews and land agent and a

Stat ion Wagon for administrative/field inspections at the LOC ,

The t r u c k s  ( two  1974 , Fll3 models and one 1970 FllO)  are equiped

with four—wheel drive and are specially prepared for travel over

rough  t r a i l s  and use at the array sites. Minor vehicle service

and inspection is provided by the LMC for the trucks .

The government prov ides a fork—lift and a snow

tractor . The LMC personnel serviced these vehicles (lubrication

and o i l  changes) and no further maintenance was required for this

p e r i o d .

The mi leage  d r i v e n  d u r i n g  t h i s  period in support

of the LASA totalled 19,460 miles without any accidents.

R , Townsend
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SECTION VI

ASSISTANCE PROVIDED TO OTHER AGENCIES

A. Seismic Data Analysis Center (SDAC)

The LASAPS processor is operated at the  LDC 24 h r /day

and 7 days/week to provide real time array data on line to SDAC .

The weekly near—reg ional reports with events and blasts within

20~ of t he  a r r a y  c e n t e r  are also distributed to SDAC .

B. Nat ional Earthquake Information Service (NEIS)

The LDC provides NETS with the weekly reports of near—

r e g i o n a l  events  and blasts , responds to their telephone requests

f or selected event  info rma t ion , and operates an FM telemetry link

for transm itting data from three selected SP seismometer channels.

C. MIT Lincoln Laboratory

The periodic near—regional reports with the strip—mine

blast supplements are distributed to Lincoln Laboratory.

D. Montana f)epartment of State Lands

The strip—mine blast supplement to the near—regional

reports is mailed to the Dept . of State Lands in Helena , Montana .

R . Matkins

____ 
-- — —
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SECTION VI I

DOCUMENTATION DEVELOPED

A. Technical Reports

The follow ing reports were prepared and distributed

during the final nine months ci this project:

1. “Montana LASA Operation Report for January 1976”
T~ R 2126—76—76 , 9 FEB 1976.

2. “Montana LASA Operation Report for February 1976”
T R 2126-76-77 , 9 MAR 1976 .

3. “Montana LASA Operation Report for March 1976”
T,R 2126—76-78 , 6 APR 1976.

4. “Montana LASA Operation Repor t forApril 1976”
“T/R 2126—76-79 , 7 MAY 1976.

5. “Montana LASA Operation Report for May 1976”
T~ R 2126—76—80 , 7 JUN 1976 .

6 . “ M o n t a n a  LASA Operation Report for June 1976”
T :R  2126—76—81 , 7 JUL 1976.

7. “Montana LASA Operation Report for July 1976”
T/R 2126-76-82 , 5 AUG 1976.

8. “ M o n t a n a  LASA Opera t ion  Repor t  fo r  Augus t  1976”
T/R 2126—76—83 , 5 SEP 1976.

9. “Montana LASA Operat ion Report for September 1976”
T R 2126—76—84 , 5 OCT 1976.

B. Technical Correspondence

1. Ltr to Capt. Woodward. “Master Edit Tape Header ”
21 MAY 1976.

C. LASA Sy st em  Manual s

The LASA System Manuals are being revised as descr ibed

i n  R e f e r e n c e  1. Progress on manual revisions depends upon the

level of ac tivity necessary fur other tasks and varies with each

of the ten manual s involved.

R . Matk ins
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CONCLUSIONS

I • Opera t ion  of t he  new LASAPS over the 4800—baud line is not

as satisfactory as with the previous system , espec ial ly  in

the area of operator communications .

2. Continuous (almost full time ) digital recording of array

data can be performed using the LIARS format without inter-

ferr ing with other PDP—7 computer functions . This mode is

preferred over the standby/back—up operation previously used.

3. Aut o edit digital recordings can be a source of array data

for events of interest beyond the 60—day retention cycle of

LIARS i-ecordings .

4. No decline in the performance of the Montana array systems

has been observed.

5. Daily teleseismic event processing at the LDC is an important

part of the array operation.
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RECOMMENDATI ONS

Based on the operation of the Montana array and data

center during this contract 1,eriod , we recommend the b u o y i n g :

1. That the local stucy of the daily teleseismic

event reports be continued and that the Montana

ar ray  be cons ider-ed as the source of seismic event

in forma tion not a v a i lable over the 4800 baud l ine .

2. That the LASAPS~ SDAC 
data communications be

reviewed to insure the new LASAPS is operating

as intended by the original design .

3. That the telephone attached to 4800 bahd data

set be equipped with greater ringing power .
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APPENDIX

MONTANA LASA CONFIGURATION

The LASA conf iguration was reduced in size at the

start of 1974 to consist of the inner thirteen subarrays within

the D-ring as shown in Figure A—l . LASAPS data was reformatted

t o  use only the ten—innermost of t he  16 sensor signals telemetered

f r o m  each subarray to the LDC. The sensors now in operation are

in dicated in Figure A—2. At subarray D2, six additional SP signals

are developed from the three—component instrumentation installed

at  t h e  c en t e r  hole loca t ion  10; these are the three standard gain

and three padded outputs from the vertical , north—south and east—

west horizontal seismometers.

Three component LP signals from the outer nine subarrays

ot the array and three—component padded signals from subarray C2

are collected and formatted within the LASAPS processer for trans-

mission to SDAC .
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© I n d i c a t e s  sensor used in
the LASAPS Sum 81

Subarrays AO, C4 , Dl , D3 , D4

71 
Notes :

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ri—hole 51 p1ug~ t d ,
sensor 71 used

86 51 82 in  LASAPS sum .
66

46 
62 D2— hole 10 develops

42 six additional
signals for use

10 i n  LASAPS , i. e .

55 ~~~~
- 53 Z N S . E/ W and

att en u a t ed Z .
73 attenuated N,S,

attenuat ed E/\\ .

4

84

Subai-i-ays BI , B2 , 133 , B4 , Cl , C2 , C3 . D2

F i g u i ~~- .~~— 2 S uh a r - i-a SP Sensor Con ! i g u i- a t  ion s
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