
rA!!
FoRD!osPAcE AND L0MMuNIcATt

~~~~~

co

~~~~

BILLINGs !

~~~

Efl flG e/1t

e79 _  __ _ _ _ _ _ _ _ _

I

END
DA T E

8 7 8



1• 0 
~ iiii~

_________ so  ~ 315 2 2
I~~~~ 3.5 —

I I 2 0
~~~~~~

• ‘“flu1125

NATIONAL BUREAU OF STANDARDS
S~cROGOpY RESOLUTION TEST CHUT



-~~

FeRRRThERmJ~~ j~~
MONTANA LARGE . APERTURE SEISIC ARRAY

APPROVED FOR PUBLIC RELFASE~ DIST1IBUTION UNI1I~IJT~ )

FordAs~ospac &

214 NORTH 3 STREET
~ BILLINGS, MONTANA

78 06 19 U9



Technical Report 2145—78—107

OO2~
MONTANA LARGE APERTURE SEISMIC ARRAY

SEMI-ANNUAL TECHNICAL REPORT

PROJECT VT 8708

If ~ 
CONTRACT F08606-78-C-0003

1 OCTOBER 1977 - 31 MARCH 1978

C.,

APPROVED FOR PUBE.IC RELtASE; DISTRIBUTION UNLIMITED

by

FORD AEROSPACE AND COMMUNICAT IONS CORPORATION
ENGINEERIN G SERVICES DIVISION

214 North 30th Street
Billings , Montana

r~~ .

~~~~~~~~~~~



~~~-—— -~ ---- . ~~~~~~~~~~~~~~~~~~~~~~~

Q(~~~~~~~ _MONTA NA LARGE )PEI%TUR E ~~EISMIC ARRAY. I___— 1_

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i.. c9 .~f 77

i~~p5Ft NZ~~ 2145_ 78— 1~ 7J

Gi~ E~ E7 
~~‘~7

IDENTI FICATION

AFTAC Project Authorization NO,: VELA T/8708

Title of Work: Montana Large Aperture Seismic Array

Name of Contractor : Ford Aerospace and Communications Corporation

Contract No~~ .7
1F%8 6—78—~~~~~~j

Time Period Covered: 1 October 1977 — 31 March 1978

Date of Issue : 25 April 1978

Pr ogram Mana g 0 E.j~~~~i~s (406)245~6332

)

AVAILABILITY

Qual ified users may re ques t copies of this document from~ Defense
Documen tat ion Cen ter , Cameron Sta tion Alexandr ia , VA 22314

‘YØ? 92Ø 
- -- . — — —-- - -. ..- - ---- .~- --—- —~~~. ——--—----~~-



ABSTRACT

The continued operation , maintenance and array im— (c ~~~ 1i
provement activities at the Montana LASA during the~period m ‘ —__. 7between October 1, 1977 and March 31, 1978 ,Càre described.
Array operations4ncluding the preparation of daily teleseismic
event reports,~ re detailed. Results of the seismic event pro-
cessing effor t~ are reported. Seismograph system performance
measurements are presented. Mair~tainability statistics on the
IBM 360 Model 44 computer are given. Program maintenance for
the PDP—7 computer system is indicated . Maintenance activities
at both the data and maintenance centers are discussed.
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Neither the Defense Advanced Research Projects A,~,ency nor the
A ir Force Technical Applications Center will be responsible
for information contained herein which has been supplied by
other organizations or contractQrs , and t his document is sub-
ject to later revision as may be necessary. The views , con—
clus ions , and recommendations presented are those of the
authors and should not be interpreted as necessarily represent—
ing the official policies , either expressed or implied , of the
Defense Advanced Research Projects Agency, the Air Force Tech—
nical Applications Center , or the U .S. Government .
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I NTRODUCTION

This is the first semi—anr ~.ai technical report of the
activity by Ford Aerospace & Communications Corporation on the
Montana Large Aperture Seismic ~~

- - ‘ray (LASA) , Project VELA T/8707
under contract F08606—78—C—0003 .

The primary goal of this project is to operate and
maintain the LASA in a manner which produces unique high quality
seismic data for use by other government sponsored research pro—
jects .

The work described here began 1 October 1977 and con-
tinued through 31 March 1978.

The sections following in this report describe the
operation of the various systems installed at the LASA , the per-
formance measurements on the equipment , the teleseismic and near—
regional event reporting , the PDP-7 computer programming , and the
maintenance performed on the systems .
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SECTION I

SEMI-ANNUAL SUMMARY OF EVENTS

This , first Semi-annual Technical Summary report ,
describes the activities at the Montana LASA during October
1977 through March 1978. These activities include the operation
and maintenance of the systems installed both in the array and
at the data center (LDC).

The LASA Processing System (LASAPS) operated contin-
uously with the Seismic Data Analysis Center (SDAC) 95.0% of
this six month period. System/360 failures and their correction
accounted for the majority of the on—line interruptions (86.4%).

Digital recording of the array data by the PDP— 7 com-
puter continued on a full—time basis with the exception of an
average 40 minute per day interruption for off—line program
processing and system maintenance . The digital recordings were
available from the LDC during the 60—day retention cycle before
their reuse. ~ecordings of event periods since November 1, 1975,
are still avai1 able at the LDC on edited tapes produced by the

• PDP-7 AUTO-ED.[i system .

Teleseismic event processing using film recordings
• and on—line computer playouts were routinely performed with the

average daily result of 23.2 events or phases reported to VSC .
Also , periodic near regional and strip—mine blast listings added
an average of 9.0 events/day. Comparisons with USGS show our
reported magnitudes slightly higher (0,08 units aye) than the
PDE ’s, our locations differing by about 5.5 degrees , and the
90% detection threshold of our reports at 5.08,

Equipment and facilities maintenance allowed the
continued operation of the array in a manner similar to previous
periods . Mechanical components with their inherent wear with age
do cause added concern to the maintenance effort in implementing
repairs and replacements .

1 
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SECT I ON II

OPERATION OF ALL LASA SYSTEMS

A. LASAPS OPERATIONS

The LDC computer prov ided LASA data to the SDAC trans-
continental data link 95.0% of the six—month period from October
1977 thru March 1978. The one-year percentage equalled 94.7%.
Interruptions in the computer ’s on—line operation with SDAC which
have occurred are listed in Table I.

TABLE I

LASAPS DATA INTERRUPTIONS

October 77 — March 78

Cause Hours %
Corrective Maint. 192.2 4.40

Active Maint . 74.1 1.70
Awaiting Pers. 106.0 2.43
Awaiting Parts 12.1 0.28

Preventive Maint . 9.6 0.22
Program Halts/Power Loss 9.2 0.21
Admin. Use (Training) 5.4 0.12
SDAC Line m op . 6.0 0.14
Other LDC Systems m op . 0.0 0.00

TOTALS 222.4 5.09

B. PDP-7 COMPUTER OPERATIONS

1. Data Recording

The LASA Inner Array Recording System (LIARS)
operated on an almost full—time basis to record LASA data. Re-
cordings covering an average of 23.3 hr/day for the 182—day per-.
iod were made . This system previously described by Potter (1975)
provides four modes of array data recording either 10 or 20
samples/sec (s/s) from either a 10 or 16 SP sensor configuration

• of all 13 subarrays . LIARS tape recordings totalling 6375 were

Potter , George , ( 1975) “LASA Inner Arra y Record ing System” LASA
Program Description. Ford Aerospace & Communications . Billings
MT 26 MAR 75.

3
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produced using the slow-mode (10 s/s), short (10 sensor )  format
and covering 97.3% of the total time ; no recordings were made
using the other modes .

Interruptions in the data recording were necessary
to support other LDC operations and logistics functions of 88.8
hr (2.0%) and for computer downtime 20.5 hr (0.5%).

2. Edited Data Recording

Recording edited event data from only the SP sub—
array sum signals continued throughout this reporting period
allowing the preparation of 16 new master—edit tapes containing
1449 event periods. These LDC recordings , described by Matkins
(1976) prov ide an eff icient means of data p layout for event anal-
ysis and for event data retention at the LDC. There are now 90
master—edit tapes containing 9370 events.

3. Event Detection

Aut omat ic event detection cont inued using t he same
event detection processor routine as used and reported by Needham
(1969) . The event detection lists speed the manual analog film
reading process from which we prepare our daily teleseismic re-
ports. Event detections also provide a means of verifying the SP
array sensing performance.

4. Event Processing

Event processing at the LDC is performed to assist
in our teleseismic event reporting to VSC. Event data with am-
plitudes too small to pick from the analog film recordings are
processed digitally through a filter , a beam former , and a cross—
correlation routine . The time picks from either these strip
charts or film recordings are further processed to obtain location
and other event parameter information . (See Section III.A)

C. ARRAY OPERATION S

1. Monitoring

The arra y an d data cen ter systems are mon itored 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

Matkins , H. E. (1976) Montana LASA Semi—annual technical report.
T/R 2126—76—75 (AD—A023 263) 23 JAN 1976.

Needham , R, and A. Steele. (1969) Montana LASA data analysis
techniques. S—ll0—33 Billings , MT MAY 1969.



203.2 hr during this period; LP, 332.5 hr. Each SP subarray
averaged 2 .6 hr/mont h outage; LP , 6.2 hr/month. Table II indicates
the data interruptions by the purpose of the outage and Table III
shows a summary by subarray of the outages . The extended Cl LP

• data interruption was caused by moisture in the LP tank which was
dried out over a weekend.

2. Communications Monitoring

Mon itor ing of t he array communicat ions circu its
between each of the thirteen subarrays and the data center in-
dicated about the same level of performance as previously observed.
The long term circuit availability (since DEC 1970) of array cir-
cuits increased slightly from 0.99674 to 0.99675. 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 IV .

The extended outages exceeding a two—hour duration
are listed in Table V. The increase in extended outages over the
previous two winter periods was due to the extreme winter weather
conditions in eastern Montana . The single and greatest outage,
which accounted for 35.3% of the extended outages , was due to

• Telco ’s power supply problem at the Angela microwave .

3. Array Calibrations

Sinusoidal calibrations 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
contr )lled tests are periodically performed.

D. ANALOG SYSTEM

The LASA SP Develocorder operated on—line with the
array. The recording format consisted of center holes from the
C—and D—ring and AO subarrays plus the attenuated signals from
AO and D4. Develocorder film recordings dating from 24 DEC 73
are stored in the library.

Analog signals from two subarrays (Dl and C2) are
• transmitted to the National Earthquake Information Service

facility in Golden , Colorado , as a part of their on—line seismic
recording system .

E. DATA LIBRARY

Recording of the arrays seismic data by the PDP—75
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TPBLE II

DATA INTERRUPTIONS BY PURPOSE OF OUTAGE

OCTOBER ~97? 
- MARCH 1978

SP ARRAY. 13 SITES TOTAL AV ERAGE
HOURS PER
OUT SITE

LDC TEST ING 19.50 1.50
SITE FAi LURES .00 .00
LIT M A I N T E N A N C E  8 .02 .62
TELCO TEST/OLITAGE 175.65 13 .51
POLlE R .00 .00
LDC FAILURES .00 .00

TOTAL SR A RRAY 203.17 15.62

LP A RRAY .. 9 SITE S

LX TESTING 4 .32 4 .70
SITE FA ILURES .Of ~ .00
LI1C MAINTENANCE 141.57  15.73
r a i : n  TEST-OUTA GE 143 .6= 15 .5 1
7~~i-JEP .C [  .00
LOG F7 - I L ’~RE S • fli . CO

TT s~ LP c~7~~~’ 77 2 . 35 .94

TABLE III

SUNI1A RY OF SUSA RPAY DATA INTERRUPTION OUTAGES

IJCTDSEF 1977 - M A RCH 1 7 8  I -

S ITE SF OATh LP DATA TELCO

AC 2. 73 7. :~E’
E l  1.57  — 3 . 1 1
02 1. Hfl - 5 .OR

1.50 - 8.75
84 1.50 - 5.00
Cl 3.40 2~~ 7~ 5.0$

10.30
5 .7 0  2 1 . 75

04 2.27 1 1 .7 7  5 .07
7 1 :‘ . ;7 

~~~. 15

- 1 . 57

-L - - R :  ~~~~~ ‘ ‘ 7 . ‘5 I T L . 6 6
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ARRAY COMMUN ICATIONS OLITAGE STATISTICS

CIRCUIT A VAILABILITIES
SITE CIRCUIT OUTAGE SHORT TERN LONG TERM

10/17—03/78 10/77—03/78 12/7~ —03/78

A@ 4GD2704 22.27 99.995 99.451
81 4GD2?01 8 .11  99 .998 99 .794
82 4G1’2710 5.08 99.999 99.724
63 4G02705 8.75 99.999 99.803
84 4GP2707 5.08 99.999 99.746
Cl 4602708 5.08 99.999 99 .844
02 4012709 34.47 99.992 99.561
03 46027 11 21.75 99.995 99.407
0-4 4012705 5.08 99.99 1 99.755
1-1 4022 7 14  18.72 99.996 99.639
02 46227 15 .13 100.000 99.049
03 4 3 ~’12 22 .07 99 .995 99.507
04 -16777 S 06 99.996

H737i ( 170- L 175.56 HR 99.996 AVG 99.675 AVG

TABLE V

EXTENDED ARR AY DAT A COMMUNICATIONS OUTAGES

OCTOBER 197? - MARCH 1978

DATE DURATION SITE REASON

10 - 0~ 77 4 06 02 LOST SY NC—OSO IN OFFICE
1 1 - C ~’T 7  4 17 A0 BAD LL CONNECTO R
1l 75i 77 3 @2 81 BAD LL CONNECTOR
12 0 3 - 7 7  2 20 02 LOST DATA
12 - 7 . 1  77 4 75 02 BROKEN DATA
1 2 -2 7  ~~ 5 ~0 ‘ f l  BROKEN DATA—FROST ON LINES
1.7 77 ~ 30 03 E;FOI:EN DATA — F ROST ON LINES
12 - 37 77 5 30 13 BRO~ EN DATA— FROST ON LINES

75’ 5 30 04 BROKEN DATA- FROST ON LINES - 
-

01-05-77 3 30 13 BAD D A TA
0 1 - 7 5  73 2 30 02 BAD DATA
01 1 1 7 3  7 ‘~5 [2 BAr’ OATh

2 ‘37 BAD DATA-BROKEN BRIDLE WIRE
3 1 ~ 4 7 $ 00 03 E:A D DA T A— FROST ON L INES
0!  ~1 4- 77 7 15 14 BAD DA TA—FROST ON LINES
f l I  - 1 4  73 7 ‘55’ D l  BA D DA TA -F ROST ON LINES

~11 ~-1 73 K 45 [3 BAD DATA - FROST ON LINES
01 ~4 0 iS -~~~ BArr DATA . FP ; : . : .T ON LINES
7 1 - 

~ - 3 40 7 5 HE i~ ~~~
‘ IC E + UI N1

01 .•~~ - 7  3 C- ’ PC-70~ ELE CR75 1
Ill - -s - i- i pol lE R SIIPPL • r -  70F L[ l - t7— i I IOE L_ n
- ‘ 3  — - - ; 7 ;_ 5 7! 1 - 5
7 . ~ ‘1 77 TI 7-5 T I  OH EN 07 Tn

511’r ’ FL: T 1  1

7
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computer ’s seven—track tape units using our LIARS format covered
4248.0 hours or 97.25% of the six—month period . These 6375 mag—
netic tape recordings were recycled through the LDC ’s Data
Library so that each recording was retained for at least 60 days
before reuse.

The LASA Data Library now contains 3128 of the 2400-ft
tapes which are currently div ided into t hese categor ies:

LIARS Record ing Cycle 2290

Master Edit 90

Events (permanent f iles) 608

Programming (qual ity  tapes) 76

Administrative 64

There are 6 disc packs with the LPS 75 (LASAPS) system
available for use in the 360 computer operations .

A:
& 

__  
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SECT I ON III

ARRAY PERFORMANCE

The performance of the array as determined locally is
based on the results of our seismic event process ing , SP and LP
seismometer testing and reliability .3tudies . Results from each
of these activities are summarized in the following paragraphs .

A. SEISMIC EVENT PROCESSING

1. Teleseismic Processing Summary

We reported to VSC 3724 events and 496 phases
between October 1, 1977 and March 31, 1978. These events are
classified in Table VI and show an average of 23.2 detect ions
per day . Approximate locations were indicated for 32% of the
detected events.

Magnitudes were determined for the 1338 located
events. The smallest magnitude reported was 3.5; the largest
7.2. Figure 3.1 shows the distribution of these magnitudes .
The distribution of all 5980 event magnitudes reported since
July 1, 1975 is shown in Figure 3.2.

The daily teleseismic report has been keypunched
and listed by an on—line program on the PDP—7 computer since
Januar y 1, 1978. This information on punched cards provides
us easy accessability  for spec ial studies such as region studies ,
magnitude studies , etc. An example of our new report is shown
in Figure 3.3.

2. Near Re gional Detec tions

The LASA near—regional detection reports continued
with 18 issues between October 1, 1977 and March 31, 1978. A
total of 135 near-regional or regional arrivals were reported .

Periodic supplements report the blasting activity
at the known strip-mines located near the LASA . Table VII
shows the number of blasts detected from each of the several
strip mines in the region. The blasting activity during this
six month period increased by about 23% to an average of 8.3

H blasts/day from 6.7 reported for the previous period .

-
‘ B. SEISMIC EVENT PROCESSING ANALYSI S

Limited analysis in selected areas of the LDC tele—
seismic reporting includes: (1) confirmation of reported events
with NEIS/PDE lists ; (2) location capability; (3) magnitude9
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TABLE VI

CLASSIFICAT ION OF DETECTED TELESEISMI C EVENT S

October 1, 1977 - Marc h 31, 1978

Number of Events Daily Average

Located teleseisms 1338 7.35
(excluding PKP ’s)

PKP (located) 52 0.29
PKP (unlocate d) 317 1.74
Poor or weak teleseisms 368 2.02

(not located)

pP Phases 376 2.07

Other Phases 120 0.66

Unprocessed detections 1649 9.06

TOTAL 4220 23.19

10
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TABLE VII

SUMMARY OF STRIP-MINE BLASTING ACTIVITIES REPORTED BY LDC

October 1, 1977 — March 31, 1978

NUMBER BLASTS
REPORTED

COLSTRIP, MT (WE ) 608 ( 40.2%)

DECKER , MT 448 ( 29.6%)

SARPY CREEK , MT (W) 134 ( 8.9%)

WYOMING 110 ( 7.3%)

COLSTRIP , MT (P) 85 ( 5.6%)

BRITISH COLUMBIA , CANADA 75 ( 5.0%)

UNK NOWN 26 ( 1.7%)

UNKNOWN , NE 19 ( 1.3%)

SOUTH DAKOTA 6 ( 0.4%)

TOTAL 1511 (100.0%,)
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accuracy; and (4) detection threshold of the LDC teleseismic
reports.

1. Confirmation

Investigation into the confirmation of events
on a seismic region basis continued during this reporting
period . To date , we have checked our daily reports against
twelve PDE monthly listings. Of the 4294 PDE events used in
our region study , LDC reported 2347 or 54.7%. We also analyzcd
these events according to size with the following results:
events with mb� 4.6 and within 90°, LDC reported 83%; events with
m~ � 4.6 and over 90°, 40%; events with mh< 4.6 and within 90°,
48%; events with mb< 4.6 and over 90°, 12%.

Our region study has identified the regions with a
high degree of detectability as well as the blindspots in our
event reporting . Table VIII shows the twelve month results of all
events on PDE with a reported magnitude and our detectability of
each region.

2. Location

A comparison between event locations as determined
at the LDC and those given on the 12 monthly PDE’s under study
were investigated on a seismic region basis. Of the 1367 events
studied from our region study there was an average location error
of 5~~~5

0~~~ Using only the 517 events with good signal coherence
across the array (Type 1) the location error averaged 4.8°. Con-
firmation on a seismic region basis ranged from an average error
of 2.7° on 119 events from the Japan , Kuriles , Kamchatka region
to 9.0° average error on 7 events from the S.E. and Antarct ic
Pacific . This study has pointed out the regions in our event
processing that need new station corrections. We have reviewed
the present event location program and have found that there were
regions that had either no station corrections or had correction
factors based on a small number of events. We have , during this
reporting period , started a data base of events dating from 1 May
1977. The procedure being used is to use only rate 1 events
(events with good signal coherence) and the event locations as
given in the PDE ’s are calculated using an SR-52 calculator routine
and a distance—velocity table . The calculated delays are sub-
tracted from the actual delays. These values ar~ then averaged
and modified to be referenced to subarray AO. Initial tests on
limited data thus far show significant improvement on the LASA
location capability.

3. Magnitude

Magnitude comparisons are made between the LDC
calculations and the magnitudes of the events as they are later
listed in PDE ’s. The results , which are shown in Figure 3.4
for the past six months and in Figure 3,5 from July 1, 1975.
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There were no changes in our local procedures in determining the
magnitude estimate durL’g this reporting period .

4. Detection Threshold

We are continuing our estimates of the detection
threshold of our daily teleseismic reports . The data base of
5980 event magnitudes now extends from July 1, 1975, t hrough
March 31, 1978, a 2 3/4—year period. Noting that variation in
seismicity from a particular reg.1on can influence the estimated
thresholds when a limited number of events is used in the calcu-
lations , we hope to build a consistent data base for determining
threshold values . By periodically updating our statistics , we
hope to recognize when the data reaches a degree of consistency
and to improve our conf idence in the use of the cumulat ive event
detection measurement method .

We now estimate the 90% and 50% detection thres-
holds at 5.08 and 4.82, respectively (See Figure 3.6). Again ,
the measurement method used a least squares fitted straight line
(determined by SR—52 calculator) through the cumulative log
frequency—magnitude distribution from the highest magnitude value
to the 0.1 magnitude unit above the value that the incremental
magnitude distribution begins to decrease , viz., 4.7. The 90%
and 50% detection thresholds are those magnitudes at which the
actual number of events falls 10% and 50%, repsectively, below
the level predicted by the extrapolation of the straight—line ,
frequency—magnitude distribution towards the lower magnitudes .
The equation

log N 9.40 — 1.19 mb

defines the straight line used with this data set.

These threshold detection values are based on only
the body—wave magnitudes (mb) calculated at LASA . Since the LASA
mb values are somewhat higher than the USGS PDE calculations as
shown earlier in Figure 3.5 , a bias of 0.08 m~ units might be
subtracted from the thresholds . Considering this correction , the
90% and 50% detection thresholds become 5,00 and 4.74 respectively.

C. 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 contract VT 8708 the average mean sensitivity of the 210
LASA SP seismographs was 20.11 mV/nm at one—second periods with
the average standard deviation being 0.82 mV/nm . The tolerance
limits for the SP seismograph sensitivity have been set at 2&
±3 mV/nm. The weekly test results are provided in Table IX.
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Figure 3.6 Frequency—Magnitude Distribution for
Events on Daily Teleseismic Reports
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TABLE IX

SP ARPRY CKRP’4NELS ONE-HERTZ SENSITIVITh” STRTISTICS.IIV’1’411

1977 SENSORS ~1ERN STI) tEV MRX 1-UN IIRX PEV
ORTE

1~~/02 210 20.35 0.78 22.99 17.16 5.83
IO’09 210 20.27 0.74 22.71 17.04 5.67
113 16 210 20.30 0.83 23.15 17.19 5.96
10/23 2113 213.33 13.79 22.93 17.17 5.76
1D- ’31 210 20.35 0.76 22.71 17.21 5.50
11 135 210 13.25 0.85 22.67 17.60 5.07
11 - - iS 210 213.32 13.93 22.57 17.24 5.53
11 -21 NO TESP RVRILRBLE
1123 210 20.30 1.00 24.44 17.94 6.50
12 137 210 20.26 1.15 23.30 15.77 7.53
12/12 210 20.27 1.00 22.50 15.42 7 .08
12 - 19 209 20.31 0.98 22.53 15.55 5.98
12.--25 2113 213.23 1.03 23.52 15.96 7.56
01 ‘02 209 20.11 13.82 22.53 15.74 5.80

2113 19.97 0.95 22.81 16.96 5.85
01 - 1 5 210 19.88 13.82 22.8? 17.02 5.85
01 23 2113 19 95 0.76 22.83 17.02 5.81
13 1 - 30 2113 19.33 0.79 22.03 14.93 7.113

209 19.84 0.59 21.49 17.63 3.85
0.T -’13 2D~ 19.34 0.61 21.56 17.62 3.94
02 213 193 19.94 13.60 21.50 17.4111 4 .10

27 210 13.90 0.119 ‘l .SI 15.37 5.14
:2133 ~ i . i I  111.72 22.53 15.74 5.80

0 7 - 1 3  2 10 19 .9 3  1 3 . 7 2  2 1 . 6 1  14.39 6 . 7 7
2 1 .5 8  ~7 . E 6  4 .32

— _  ‘ -~ ~9. 1~9 ~ .r’p 22.25 111. 51 5.74

2n . 1 1  7 . 27 22 .~~3 15 .74 5.011

- 
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The past three contract averages along with those of the current
contract are summar ized in Table X. The number of functioning
sensors , sensitivity mean , sensitivity standard deviat ion , maxi-
mum sensitivity for the array , minimum sensitivity for the array ,
and the difference between the maximum and minimum sensitivity
are given by contract.

Sens it ivity is a funct ion of the output of the
seismometer divided by the input to the seismometer and is cal-
culated using the following relationship:

f4ir2M \E o 
~ 

E~,
S = ( -J 1.01 x 10 — volts/meter

\Gc T
2
/I I

where S SP Channel Sensitivity at period T in seconds
M = SP Seismometer moving mass in kilograms
E0 = SP Channel Output in volts
G0 = SP Seismometer generator constant in newtons/amp .

I Calibrat ion current into the SP se ismometer
calibration coil in amps.

2. Broadband Response Using Program RPGTWO

PDP-7 programs RPGONE and RPGTWO are used to measure
the broadband response of the array ’s seismographs and to ver if y
the responses are within the tolerances shown in Table XI. Re-
sponse data was collected using RPGONE on Marc h 8, 1978. Array
off—line processing using RPGTWO provided the results for the
array shown in Tab le XII.

D. LP SEISMOMETER TESTING

1. Performance Measurement Using Program TELP

Program TELP measures the response of the LASA
long period seismographs to a 25—second sinusoidal signal. The
tolerance limits for the 27 long period seismographs have been
established at 350±5OmV/pm . During the first six months of the
current contract the weekly mean sensitivities of the LP seismo-
graphs averaged 359.9 mV/pin . Table XIII gives the weekly test
results. This average is compared with previous contract periods
in Table XIV . Included in the summary are the number of function—
In g sensors , sensitivity mean , sensitivity standard deviation , max-
imum sensitivity for the array, minimum sensitivity for the array ,
and the difference between the maximum and minimum sensitivity.

Sensitivity, a function of seismograph output
divided by the input , is calculated according to the following
relationship:

22
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TABLE X

SP ARRAY PERFORMANCE TESTING SENSITIVITY STATISTICS

Sens Sens Sens Sens Sens
Mean Std Dev Max. Mi Dev.

si Sensors mv/nm mV/nm mV/nm mV/nm mV/nm

VT 8708
Contract
Average 209 20.11 0.82 22.53 16.74 5.80

VT 7708
Contrac t
Average 208 19.82 0.68 22.59 17.35 5.25

VT 6708
Contrac .
Average 206 19.83 0.83 22.91 16.69 6.22

VT 4708
Contract
Average 206 20.05 0.85 23.36 16.78 6.58

VT/2708
Contract
Average 208 20.14 0.79 22.86 16.96 5.90

23
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TABLE XI
SP SEISMOGRAPH GAIN FREQUENCY RESPONCE TOLERANCES

GAIN GAIN
FREQUENCY MA>(IMUN
(HERTZ) (DB) (DB)

6.67874 —2 9 . 43 —34.43
6.15740 —16.65 -21.65
@.2315?2 — 11.36 — 16.36
0.3149~3 — 8 . 4 9  — 1 3 . 4 9
6.39376 —6.413 —11 .40
6.47244 -5.06 —10.06
0.55118 —3.63 —8 .63
0.62992 — 2 . 2 3  — 7 .2 3
6.713865 - 1 .46 -6 .45
~ .78?46 —0.96 —5.96
6. R6514 .-e.19 — 5 .19
0.94438 6 . 1 7  —4 .83
1.62362 6.32 —4.68
1.16236 6 .27  —4 .73
1 .1811 0 6.72 —4 .28
1.25984 6 .62  -4 .38
1.49C06 6 .04  —4 .96
1.73228 —0.82 —5.82
1.95350 — 1 . 7 0  -6.70
2 .2 64 72 — 3 . 1 1  — 8 . 1 1
2 .44 1194 -3.88 — 8 .83
2 .6771?  — 4. 75 — 9 . 7 5
2 .9 1 3 3 9  — 5 . 4 1  — 1 6 . 4 1
3 . 1 - ’9111 — 6 .49 — 1 1 . 4 9
3.33~~::3 — 6 . 9 1  — 1 1 . 9 1
3.673 115 — 8 . 1 9  — 1 3 . 1 9
3 .65377 — 8 . 1 5  — 1 3 . 1 5
4 .09449 -9 .65 — 1 4 .65
4 • 3 : f l~~j — 9 . 1 1  — 1 4 . 1 1

— 3.9 9 — 1 3 .89
4.1:n~~l5 —9. ’- -~ —14.54 

— — 1 1  ~~~ C)

5. ~~~~~~~~ ~ 1:’ . 9
I- 1 - ’ .111

— 1 1 1 .0 — 2 3 . 0 7
5. 425 — 2 0. -~7 — 2 2 . 32

‘4
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TABLE XII

RESULTS OF SP SEISMOGRAPH BROADBAND RESPONSE TESTING

Number Number Number
Seismograph Response MAR 77 Test SEP 77 Test MAR 78 Test

Within Tolerance 91 101 108

Improper Low Frequency
High Amplitude 6 11 6
Low Amplitude 5 - - 2 4

Improper High Frequency
High Amplitude 11 9 0
Low Amplitude 2 0 3

Improper Low/High Frequency
High Amplitude 1 0 0
Low Amplitude 1 0 0
Low/High 3 3 2
High/High 0 2 1
Low/Low 0 1 2

/

Not Tested 10 1 4

No. SP Sensors 130 130 130
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TABLE XIII

LP ARRA Y CHANNELS 2~ -SEC SENSITIVITY STRTISTICS~11V4rLM

1977 SENSORS MEAN STD DEV 1-TAX MIN MAX DEV
DATE
10.’@2 27 350.0 14.09 383 .28 3 15.55 67.73
10/09 2? 351.3 17.24 391.41 313 .83 77.58
10/16 27 352.1 15.95 384. 18 313.83 70 .35
10/23 27 350.6 19.43 403.56 312.78 90.78
10/3 1 27 349.4 16.01 387.65 312.78 74.87
11/06 27 355.2 26 . 93 407.95 312.78 94. 1?
11 -~ 14 27 355 .4 19.48 395.69 316.30 76 .79
1 1 2 1  HO TELP A V A I L A 6 L E
11/28 27 362.6 19.62 404.67 314.8~ 89.78
12/ 05 27 366.4 13.54 464.67 314.89 89 .78
12/12 26 367.6 18.45 407.66 325 .65 82 . 6 1
1~~~ 19 27 368.3 18 .12  4 1 1 . 29  327 .15  34.13
12 25 25 363.0 15.20 396.53 326.10 64.43
01- 02 27 359.9 18.62 398.55 313.83 84.77
01/09 27 362.3 16.95 396.24 320.83 75.41
131~~16 26 363.1 17 .62 401.64 317.66 83.38
0 1 - 2 3  27 361. 9 17 .79 397.38 316.61 80 .77
131/30 27 361.9 18.99 396.24 314.49 81.75
132 06 27 352.3 19.16 402.17 315.55 85.62

13 27 353.5 18.70 397.62 3 13.44 84.18
02 20 25 354.2 33.19 398.52 22~ .38 17 3 . 1 4
02-27 27 350.7 18.45 399.90 315.55 84.35
117 06 27 353.9 13.62 398.65 313.83 84.77
07 13 27 363.3 17 .27  395 .24 320.83 75 .41
111 22 3112 .7 13.62 405.3-2 37 .94 82.38
rj:--:

~
- 27 3 115.9 1 7 .2 4  4 135.34 335.93 79.41

2-3 .2 .329.9 13.62 398.65 313.83 84.77

_ _ 
- - - - - - -~~~~~ - - ~~~~~~~~~~~~ - -~~~~~~~~~ - _



TABLE XIV

LP ARRAY PERFORMANCE TESTING SENSITIVITY STATISTICS

Sens Sens Sens Sens Sens
No. Mean Std Dev Max. M m .  Dev.

LP Sensors mV/pm mv/pin mv/pin mV/pin mv/pm

VT 8708
Contract
Average 27 359.9 18.62 398.65 313.83 84.77

VT 7708
Contract
Average 24 345.1 19.2 384.60 302.7 81.9

VT 6708
Contract
Average 25 339.9 19.2 383.90 294.9 89.0

VT 4708
Contract
Average 26 337.4 18.2 376.70 297.9 78.8

VT 2708
Contract
Average 22 347.0 16.0 382.60 319.0 63.6
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where S — LP Channel Sensitivity at period T in seconds
M = LP Seismometer moving mass in kilograms
Be = LP Channel output in volts

= LP Seismometer generator constant in newtons/amp
- 

I = Calibration current into the LP seismometer
calibration coil in amps

2. LP Seismometer Positioning Analysis

The long term positioning stat4.stics for the LP
seismometer are shown in Table XV where the remote adjustments
for both mass posit ioning (since 6 DEC 71) and free per iod cor-
rection (since 2 JAN 73) are shown and total 2257. The mean-
time—between—adjustment (MTBA ) for each seismometer is shown and
varies from 12.44 days for sensor Dl N/S to 82.61 days for sensor
D3 E/W. The average MTBA for the array is 1.20 days and for a
seismometer is 32.53 days.

3. LP Seismograph Magnification Curves

Magnification response measurements on the LASA LP
system seismographs began in September 1977. These measurements
provide magnification response curves for the LASA LP seismometers
combined with the LDC ’s MDC chart recorder at a gain setting of
6.25 mV/mm. Curves are available for 15 of the 27 LP sensors ,
viz., those at subarrays C2, C4 , Dl , D2, and D4. The magnification
curve for the D4 LP vertical sensor shown in Figure 3.7 is typical
of this data set .

The system sensitivity response curves of the LASA
SP and LP seismographs, such as those shown in Figure 3.8, can be
converted to magnification curves by combining sensitivity of the
recorder used in the seismogram playout as described in Appendix A.
Note the similarity in the results obtained from the two different
measurement methods.

E. NOISE

Array noise is being measured from both the SP and LP
array sensors. Previously these measurements were made on an
intermittant basis to collect noise samples from the array . A
new version of our Auto—Edit on—line event edit recording program
completed in November now allows a measurement of the average
noise level of the SP and LP sensors every 15 minutes . The short—
term data collected from this system show an average zero—to—peak
SP (1.0 Hz) noise level variation of 5.7 nm from the array 13
subarray analog summation signals and an average zero—to—peak LP
(25 sec) level variation of 46 nm from the 9 vertical instruments ,
124 nm from the 9 N/S horizontals , and 110 nm from the 9 E/W
horizontals. These data are being incorporated into our long—term
measurements.
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TABLE XV

U’ SE ISTIOIIETE R REMOTE A DJUSTIIENTS

MASS POSITION ADJUSTS FREE PERIOD ADJUSTS C0?~~1HE D ADJUSTI-ENTS

AVG AVG AVG
16/7 ? 12/7 1 DAYS- 10/77 01/73 DAYS— 10/7 7 LONG DAYS—

TO TO BETW EEN TO TO BETW EEN TO TERM BETWEEN
64/78 64/7 8 ADJUSTS 04/76 @4/7 8 ADJUSTS 04/76 ADJUSTS

RO V 2 51 45.35 2 17 135 .06 4 68 34.01
RO MS 5 43 53.79 5 24 96.38 10 67 34.52
A 0 EU 1 6 1 37.92 1 10 231.30 2 7 1 32.58

Cl  V 3 53 43.64 2 17 136.06 5 70 33.04
C l  MS 3 52 44.48 1 23 1013.57 4 75 30.84
C l  EU 1 51 45 .35 1 16 144.56 2 6? 34.52

C2 V 4 63 36. 71 2 18 128.50 6 81 28.56
C2 MS 1 74 31.26 0 44 52.57 1 118 19.60
C2 EU 4 103 22.46 3 18 128.50 7 121 19 . 1 2

C3 ‘-.-‘ 1 80 28 .91  1 4 578.25 2 84 27 .54
C3 MS 1 31 28.56 0 12 192.75 1 93 24.87
C3 EU 1 36 26 .90  0 11 2 1 0 . 27  1 97 23.85

C4 V 1 60 38 .55 0 4 578.25 1 64 36 . 1 4
C4 MS 1 30 77 .113 1 10 231.313 2 40 57 .83
C4 EU 1 61 37.32 0 2 1156.50 1 63 36.71

t i  V 3 49 47.20 1 II 210.27 4 68 38.55
P1 112 7 146 15.24 6 40 57.33 13 186 12.44
P1 EU 2 1 1 1  213.84 0 13 177.92 2 124 18.55

02 - -/ 5 63 34.01 3 10 231 .30  8 78 29.65
P2 112 3 55 42.135 1 3 771.00 4 58 39.88
P2 EI -.I 1 25 2 7 .2 1  0 3 771 .00 1 88 26.28

03 ‘- ~ 2 23 27~.27 0 5 462.60 2 88 25.28
13 112 1 311- 54 .25 1 12 192 . 75 2 48 4 3 . 19
P3 E~J 0 21  1 1 0 . 1 4 0 7 330. 43 0 28 37 .51

114 ~
-.- - 1 52 37 .31 13 7 330.43 1 59 33.52

P4 us  5 146 15.84 4 34 68.03 10 180 12.85
P4 E~i 2 52 44.48 3 13 i 77 . 92  5 65 35.58
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F. 360 COMPUTER RELIABILITY

The reliability statistics for the LASAPS processor , an
IBM 360 Model 44 computer system , have been updated using the re-
trospect ive fa ilure data available since July 1, 1973. During
the period to February 1, 1978 (0414 UTC) , an elapsed time of
40,228.23 hours , the system experienced 72 failures so that the
mean—time-between—failure (MTBF) is 558.73 hours. This represents
a slight improvement (2%) on our previously reported MTBF . The
MTBFs for the system equipment by type number is shown in Table
XVI .

System maintainability statistics as determined from
local maintenance records for July 1973 through February 1978
are listed here: number of incidents of maintenance , 219

mean—time—between—maintenance , 186.74 hours
mean—time—between—corrective maintenance ,
355.62 hours (115 incidents)

mean—time—to—repair , 4.89hr (active), 5.89hr
(await, personnel), 0.72hr (await, parts),
ll.5Ohr (cm downtime)

mean—time—between—preventive maintenance ,
393.23hr

mean preventive maintenance l.46hr.

TABLE XVI

360 COMPUTER SYSTEM RELIABILITY STATISTICS

Type No. MTBF
Equip. Failures (hours)

1052 37 1087.25
CPU 22 1828.56
SDSD 6 6704.71
1826 3 13409.41
2501 2 20114.12
2701 1 40228.23
1827 1 40228.23

System 72 558.73

Of the total 115 incidents of corrective maintenance , 25 or 21.7%
occurred after normal working hours. This increased the system
downtime while awaiting maintenance personnel. In the majority
of cases the downtime was extended until normal working hours.
The average period awaiting personnel has been 26.5 hours. This
unusually high figure results from the accumulated awaiting per-
sonnel time associated with an extended corrective maintenance
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incident , i.e., mailktenance quitting for the day and not return—
ing until the next morning. Four incidents of extended downtime
while awaiting for parts have occurred. Parts are usually flown
into Billings from Seattle . The total maintenance downtime (MDT)
statistics for July 1973 through February 1978 are summarized
below :

correct ive maintenance time , 552.391w (115 incidents)
awaiting personnel t ime , 66l.86hr ( 25)
awaiting parts time , 77.9lhr ( 4)
prevent ive maintenance t ime , 152.24hr (104)
MDT , l444.4Ohr (219)

MDT represents 3.53% of the time available. In percentage , the
MDT divides into: cm 38.2%; await. pers. 45.8%; await , parts
5.4%; and pm 10.6%.

The incident of failure according to equipment category
is shown in Table XVII . This breakdown is based on the 72 failures
identified during this 56—month period .

33
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TABLE XVII

CLASSIFICATION OF IBM 360 SYSTEM FAILURES
(l Jul 73 — 28 Feb 78)

360/44 System Equipment Number of Failures

2044—G Processing Unit 23

CPU: Cycle Control 0
Storage Address Register (SAR) 2
Storage Data Register (SDR) 2
Operat ions Register/Comm Chan Control 1
Controls Clock 2
Data Flow (B2) 1
Data Flow (B3) 0
Display 0
Interrupt Controls 1
Controls (C2) 0
Controls (C3) 0
Operation Decode 2
Interrupts 0
Gen. Purpose Register Stack 2
Console (El) 0
Console (E2) 2

High Speed Multiplexer : Subchannel Al (SCA) 1
Subchannel  Bl( SCB) 0
Common Control 0
Common Data Flow o
Chan 1 IF Control 0
Chan 1 Control SCA 0
Chan 1 Control SCB 0

Multip lexer/1052 Adapter : Priority Interrupt (A2) 1
Priority Interrupt (A3) 0
1052 Adapter Logic (Bl) 0
1052 Adapter Logic (Cl) 2
Data Flow 0
Funnel s 0
Multiplexer Control (B3) 0
Multiplexer Control (C3) 0

Memor y Stack ]
Cooling Fan 1

Single Disc Storage Device : Disc 7
JJ1SC uontroi U
Disc IF Control 0
Assembly 1

34 
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TABLE XVII (CONCLUDED)

Num ber of Failures

1052—7 Printer/Keyboard

2501—Bl Card Reader 0

1827—1 Data Control Unit 1

1826 Data Adapter Unit
Address Decode 1

2701—1 Data Adapter Unit 2

35
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SECTION IV

IMPROVEMENTS AND MODIFICATIONS

A. PDP-7 PROGRAMMING

The development and maintenance of programs for the
PDP— 7 computer continue to provide an important part of the
overall task of operating and improving the Montana Array ~sa se ismological observatory .

The programming activity during the six—months
period supported LDC operations by (1) updating our Auto-Edit
patch program to include data for noise , and the capabilities
of on—line tape duplication and (2) updating RPO I and RPG II
for an expanded frequency response. The programs completed
during the period are listed in Table XVIII.

TABLE XVIII

PDP-7 PROGRAMMING ACTIVITY

October 77 — March 78

PROGRAM VERSION BY APPROVED

Auto—Edit VL5 Potter 11/77
RPG I VL4 Lidderdale 11/77
RPG II V6 Lidderdale 11/77
DGAV Vi Lidderdale 1/78
LIST EP 77 VL1 Lidderdale 3/78
CAL LP VL1 Potter 3/78
Noise Data Analysis VL1 Potter 3/78

ft___ _ _ _ _ _ _ _ _ _
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SECTION V

MAINTENANCE

LASA maintenance activity is divided into three dif-
ferent categor ies: Data Center (LDC) , Maintenance Center (LMC)
and Facilities Support. The LDC in Billings operates and main-
tains the fo llowing f ive systems : The IBM 360/44 computer , the
DEC PDP— 7 computer , LDC Digital , LDC Analog and the LDC Test and
Support . The LMC located in Miles City maintains all array equip-
ment systems which are comprised of SP Sensor , LP Sensor , Meteorol-
ogical , SEM , and Power . Facilities Support provides maintenance of
buildings , veh icles , land leases , and array fac ilit ies such as
cable trenches , access trails , fences , WHV site , and CTH sites,

A. SUMMARY

The maintenance activities during this six—month period
included preventive maintenance at both LMC and LDC , chec kout of
all stand—by array spares , construction of a trace muL.iplexer

• for a scope-modified Develocorder , repair of teletypewriters , IBM—
360 repairs , and limited array activities December through February
due to snow conditions .

A summary of the total maintenance activity is given in
Table XIX where the number of work orders actions in the LMC , LDC
and utility areas are snown . The completed work orders represent
609 separate and traceable actions by the maintenance activities
and since several repair actions may result from the clearing of
one particular trouble , the number of maintenance actions can ex-
ceed the number of work orders . The work orders do not indicate
the man—hours involved but are indicative of the work load . The
system work orders completed consisted of 248 preventive mainte-
nance routines , 115 corrective maintenance , 3 special tests and
18 utility actions . A total of 9 items of equipment were re—
paired in the LMC and LDC shops . The 18 utility work orders
consisted of 9 repairs of facilities , and 9 vehicle inspections .

B, DATA CENTER

A total of 231 work orders were completed for 329 mainte-
nance actions plus 22 repairs in the shop . Table XX provides a
breakdown of the LDC maintenanc e actions by system and month .

1. System 360

The maintenance responsibility for the IBM 360/44
is handled locally with assistance from IBM as needed . During
this period there were 16 repairs on the system and 9 preventive
maintenance actions .
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TABLE X IX
SUIIIRRY - WORK ORDERS

OCTOBER 1977 - MARCH 1978

BACKLOG BACKLOG —

START OF END OF
WORK ORDER TYPE PERIOD INIT IATED COI1’LETED PERIOD

LIIC
SYSTE M -R 13 157 158 12
SUBASSE MBLY—B 44 37 66 15
COrPONENT —C 2 13 12 3

TOTALS 59 2137 236 30

1-DC
SYS TEM — R 16 202 209 9
SUBASSEMBLY—B 1 2 2
COrVONEMT —C 36 13 213 16

TOTA LS 53 204 231 26

IJT ILITV 3 30 12 15

COMBINED TOTALS 115 441 425 71

TABLE XX

DATA CENTER MAINTENANCE ACTIONS

OCTOBER 1977 — MARCH 1979

OCT NOV DEC JAN FEB MAR TOTALS

360
COPP E C TIVE 0 3 2 3 4 4 16
PREVENTIVE 13 2 4 1 0 2 9

PDP -7
CORRECTIVE 8 2 3 5 5 6 29
PPEVENTI--.- E 28 22 25 25 22 31 153

PIG ITAL
C O R P E C T I— --E 13 @ 0 1 0 2 3
PREVENTIVE 4 3 5 4 4 6 27

A NALOG
CORPEC T I- -- -E 3 2 2 1 2 3 13
PPEVE I-I T I- - .-E 1 13 0 13 0 0 1

TEST AND SVFPOPT
COPP EC T I - -.- E 4 4 4 Ii 1 5 29 •
FFEV EFIT I- .?E 4 6 3 2 2 3 26

TOTALS 52 45 42 53 46 52 305-
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The operation of the 360 system required 16 repairs
during this period and all were completed by LDC personnel. Five
of the failures caused downtjmes in excess of eight hours . An
unusual problem occurred in November when an extended power out-
age allowed the temperature in the computer room to stay at a
ver y low level. The SDSDA disc would not operate until equal-
ization temperatures were reached . Three of the extended outage
troubles were SLT card failures in the CPU. One required extended
trouble—shooting time one was diagnosed quickly but the system
remained down until a new SLT card was obtained , and a failure in
February occurred during a holiday weekend and repair was delayed
until maintenance personnel were located . The 5th extended outage
was an SLT card failure in the 1826 input data adapter that re-
sulted in inputs on the CPU data bus at all times . This caused
all data and clock inputs to be improper and the trouble was very
difficult to isolate.

An intermittant problem in the CPU occurred on
three occasions . The system stops with bits 0—15 high from all
core locations up to 64K. The trouble always clears itself be-
fore the problem can be located.

On four occasions cooling fans have been replaced
or repaired. Spares are now maintained in case these mechanical

• units continue to fail.

problems in the data lines between SDAC and LASA
c2.used intermittant alarm conditions at the LASA . The system
pi’ints out 2701 input errors and indicates the one—second message
from SDAC is missing. Occasionally the system program halts and
requires IPL . The trouble is isolated by using the test proced-
ures for the 208-L1A data set. The procedures are in AT&T pub-
lication Data Set 208A—Type Transmitter—Receiver Test Procedures ,
Section 592—027—500 , T:tble B and page 3.

Three tests can be performed by the operators at
each end of the line that will isolate the problem. The Analog
Loop—Back Self Test checks the local data set. The Remote Loop—
Back Self Test To Distant End transmits marks to the remote set ,
looping the marks back to the local receiver , and the End—To—End
Self Test has each transmitter send marks to the remote receiver .
Failures in all tests are indicated by an ER error light . —

One problem was isolated to the LASA data set by
the Analog Loop—Back Self Test and the local TELCO contacted for
repair.

2. PDP—7 System

Maintenance of the LDC ’s PDP-7 computer system
which includes the peripheral equipment as well as the basic CPU
included 29 repairs and 153 preventive maintenance actions . The
repair distribution follows : tape units , 14; teletypewriters , 9;
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line pr inter , 2; paper tape reader , 2, and CPU , 2. The tape unit
failures were all minor in nature and the only serious problems
were the teletypewriters .

We have an ASR—35 on—line with the PDP—7 computer with
a KSR—35 and ASR—33 as spares . During this period all three
experienced mechanical failures that required extensive repairs.
Most of the problems were worn-clutches in the printer assemblies.
The ASR—35 was overhauled and is now on line , the ASR—33 was re—
pared and is now the backup unit , and the KSR—35 is waiting for
parts . No further problems are anticipated with the teletype—
writers.

3. Other LDC Systems

The other systems maintained at the LDC are the
Digital , Analog , and Test and Support systems . There were 3
repairs and 27 preventive maintenance actions performed on the
Digital System . An inverter failure was caused by a defective
lamp holder in the meter relay . This was locally repaired and
caused no further trouble .

Thirteen troubles and one PM were required for
the Analog System . The troubles were mostly minor problems with
the Develocorders. Work continues on the 14 bit D/A channels
used for LP signals. The interface cards were all repaired of
damage caused by heat in the data display baskets. These cards
were the only discrete component assemblies in these drawers and
generated enough heat to cause circuit damage . A cooling fan has
been installed in this rack (D/A #1) that flows air over these
cards . There are 9 other channels in this rack that require
further maintenance but enough are operating at present to operate
the LP Develocorder .

A 16—channe l multiplexer system has been designed
and fabricated to interface the D/A with a modified LP Develocorder .
This Develocorder has a CRT in place of a galvo block . The multi-
plexer provides a 16 step staircase signal to the CRT , through
it’s oscilloscope circuits , with each step representing the dc
level of an input channel. The CRT display is 16 dots , aligned
on the vertical axis , whose positions represent the individual
channel dc levels at that time . There is no horizontal sweep.
The Develocorder records the dots in the same manner as a galvo
block display. The system has worked well in a mock—up and will
be installed in the Develocorder rack , on-line , in the near future.

The Test and Support System encompasses not only
the two Maintenance Display Consoles (MDC) but all other equip—
ment for the suppor t of the data center ’s operation such as the
environmental equipment (air conditioners , electrostatic air
filters) and the film viewers and copiers . Of 55 maintenance
actions on this system , 29 were corrective and 26 were for pre—
ventive maintenance. Nineteen of the corrective actions were
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the replacement of the bias batteries in MDC #1 and are an ex-
pected consumption. The other 10 repairs were minor problems .

C, MAINTENANCE CENTER

The LMC supports the LASA operation with both array
activities and shop testing and repairs .

LMC personnel completed 236 work orders representing
262 separate maintenance actions plus 77 items repaired in the
shop . The array work orders included 25 corrective maintenance ,
130 preventive maintenance , and 3 special tests.

1. Array Activities

Table XXI shows the array maintenance actions by
system and month. To accomplish this maintenance , 61 visits to
CTH ’s and 9 visits to WHy ’s were made . This required 53 trips
to the field plus 3 trips to the Malmstrom AFB , PMEL and covered
9,290 miles. The array corrective actions included 9 on SP
channels , 13 LP circuits , 2 power system repairs , and 5 on SEM
units.

The winter road conditions in the array were the
worst encountered in the LASA history. Travel was very limited
every month except October . The snow tractor was used on all
trips in January, February, and March. Only subarray B4 was
visited in February and cross country skis were used from the
road to the vault.

The snow started melting in late March and for-
tunately the melt was gradual with freezing temperatures every
night. Subarray B2 was the only CTH to accumulate enough water
to set off the alarm. The vault was pumped and dried out without
any damage . About a gallon of water was cleaned up at subarray
Dl without any damage . At the end of this reporting period all
other CTH ’s were without damage problems .

The LP tanks in the vaults at subarray AO . Cl ,
C3 , and D3 were dried out in October . Moisture had accumulated
over a three—year period and caused calibration and signal level

- 

- 

problems due to moisture across signal and calibration line
terminal strips and connectors. Drying the vault and tanks with
forced air and replacing all silica—ge l eliminates the problem .

2. Shop Activities

The extent of the shop work is summarized in Table
XXII. The emphasis at LMC was the checkout of all standby spare
SEM assemblies and repair of RA—5 amplifiers. Thirty RA— 5
amplifiers will be maintained in field—ready condition while the
others will have the batteries removed . This will eliminate
battery corrosion and deterioration in storage . At the LDC ,

43



- - - —- - - -  -~~~~_~~~___J- _

TABLE XXI

ARRAY MAINTENANCE ACTIONS

OCTOBER 19?? — MARCH 1978

OCT NOV DEC JAN FEB MAR TOTALS

5P
CORRECTIV E 1 1 1 2 0 4 9
PREVENTIVE 22 18 13 13 1 11 78

1-P
CORRECTIVE 6 3 3 13 13 1 13
PREVENTIVE 13 13 13 0 13 13 0

SEn
CORRECTIVE 2 2 0 13 1 13 5
PREVENTIVE 9 6 3 5 13 6 36

POWE R
CO RRECTIVE El 0 1 0 13 1 2
PPEVENT I- - .- E 9 6 3 6 0 6 30

I1E~ITHER STATIO!4
CO~ FECT 1- - E 0 [1 0 0 0 LI 0

0 0 0 0 0 0 (3

TOT~L2 49 56 24 27 2 29 167

TABLE XXII

EQUIPMENT SHOP REPAIR SUMMARY

OCTOBER 1977 — MARCH 1978

OCT NOV DEC .J~ N FEE MAR TOTALS

SEn ~SSEMFLIES 1 13 1 0 24 1 27

SR ASSEMBLIES 1 10 113 14 13 1 35

1-P ASS En1E L!ES 0 CI 0 0 2 13 2

POLJEF’ ~SSEriC LIES 0 0 0 0 0 0 0

OTHER ‘~S S E M E L I E S  1 0 0 I 0 2 4

CA Pt REPAI~’S 4 0 4 0 20 3 31

TOTALS 7 lf l 15 15 46 7 100



repairs included the overhaul of 20 D/A driver cards from the
14—bit LP channels in the analog system .

D. FACILITIES SUPPORT

LASA operations are supported by the facilities and
vehicles available .

1. Land Provision

Provision of the land for the array requires 50
leases , In the interest of good relations with the landowners ,
50 contacts were made to deliver lease checks , discuss subarray
access trails , and other matters concerning the land use.

2. Land and Facilities Maintenance

The amount and type of utility work engaged in at
the LMC is shown in Table XXIII. The 18 completed work orders
show 9 facility repair/inspections , and 9 vehicle maintenance/
inspections. The road conditions dur ing this report period pre-
vented any repairs in the array . Site inspections will start in

• April to determine the condition of the array .

The local power company and fire department in—
spected the LMC facility in Miles City and found all building
equipment satisfactory.

3. Vehicles

The mileage driven during this period in support
of the LASA totalled 11 ,511 miles without any accidents.
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TABLE XXIII

SUMMARY - UTILITY WORK ORDERS

OCTOBER 1977 - MARCH 197B

BACKLOG BACKLOG
START OF END OF

WORK ORDER TYPE P E R I O D  I N I T IATED COMPLETEI) PER IO D

CAB LE TRENCH AND
TRAIL INSPECTION 13 13 0 13

CABLE TRENCH
BACKFILL 13 13 0

WHY S I T E S
LANDSCAPED 0 13 13

MARKER POST OR
WHV COVERS
REPLACED 13 2 13 2

CTH MAINTENANCE 13 6 6 0

VEHICLE MAINTENANCE
INSPECTION 0 9 9 0

FENCE INSPECTION 0 0 0 0

T RAIL R EPAI RS (3 ‘3 3 3

LMC FA C I L I T
t~A 1NTE~4AI4C E 3 0 3 (3

TOT A LS 3 33 12 15
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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 hr/day
and 7 days/week to provide real time array data on line to SDAC.
The weekly near-regional reports with events and blasts within
200 of the array center are also distributed to SDAC .

B. NATIONAL EARTHQUAKE INFORMATION SERVICE (NEIS)

The LDC provides NEIS with the weekly reports of near—
regional events and blasts , responds to their telephone requests
for selected event information , and operates an FM telemetry link
for transmitting data from three selected SP seisinometer channels .

C . MIT LINCOLN LABORATORY

The periodic near—regional reports with the strip—mine
blast supplements are distributed to Lincoln Laboratory. LASA
digital data tapes are mailed upon request.

D. MONTANA DEPARTMENT OF STATE LANDS

The strip—mine blast supplement to the near-regional
reports is mailed to the Dept~ of State Lands in Helena , Montana.
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SECTION VII

DOCUMENTATION DEVELOPED

A. TECHNICAL REPORTS

The following reports were prepared and distributed
dur ing the first six months of this project:

1. “Semi—Annual Technical Report 1 April 1977 -
30 Septemper 1977” T/R 21450—77-99 (AD—A04l 037)
28 Oct 1977

2. “Montana LASA Operation Report for October 1977”
T/R 2145—77—100, 7 Nov 1977.

3. “Montana LASA Operation Report for November 1977”
T/R 2145—77—101 , 6 Dec 1977.

4. “Montana LASA Operation Report for December 1977”
T/R 2145—78—102 , 10 Jan 1978.

5. Gress and Matkins . “South Amer ican Even t Detec tion
Study” T/R 2145-78-103, 10 Jan 1977.

6. “Montana LASA Operat ion Report f or Januar y 1978”
T/R 2145—78—104, 6 Feb 1978.

7. “Montana LASA Operation Report for February 1978”
T/R 2145—78-105, 6 Mar 1978.

8. “Montana LASA Operation Report for March 1978”
T/R 2145—78—106 , 11 Apr 1978.
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CONCLUSIONS

Operation and maintenance performed at the Montana LASA
during the past six months allows us to conclude :

1) That the LASAPS operation as observed from the LASA
end of the transcont inental data was again success-
ful during this period . The goal of 95% data avail-
ability was met while both the maintenance premium
t ime and IBM customer engineer ing ass istance was at
an historic low.

2) That the LASA Inner Array Recor ding System , which
operated 97.3% of the period , handled the array
monitoring , cal ibrat ion , event detection and pro-
cessing without interferring with the data record-
ing .

3) That the Montana array systems continue to meet
their expected performance levels. No decrease
in the reliability of the 360 computer system has
been observed.

4) That the teleseismic and near—regional event pro-
cessing incorporated into the data center ’s daily
act ivit ies continue to be important  to our insur ing

• the array is operating as an effective seismic
observatory.

_ _ _ _  
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RECOMMENDATI ONS

Based on the operation of the Montana array and data
center during this contract period , we recommend :

1) That data set tests be performed by SDAC
and LASA operators when the 4800 baud
transcontinental data line does not
appear to operate properly .

2) That the LP seismometer tanks be routinely
dried out at a two—year interval.

3) That the results of our 12—month region
study be analyzed further to determine
the detection threshold of each region .
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APPENDIX A

RELATIONSHIP BETWEEN SEISMOGRAPH MAGNIFICATION
AND SENSITIVITY VALUES

The LASA seismograph frequency response curves are
usually plotted in system sensitivity vs period . System
sensit ivity is used instead of magnif icat ion because typically
the array ’s seismometer data is collected in digital form for
playout on a variety of seismograph recorders both locally and
remote from the array. When combined with the LASA data , each
seismograph recorder has its own magnification value . Magni-
fication curves can be prepared from the LASA system sensitivity
curves if the sensitivity of the recorder system is known.

The magnification , M , of a seismograph system is de-
fined as

M = ~~.2. (1)

where A0 is the displacement amplitude at the seismograph
output for a displacement amplitude Y at the in—
put of the seismometer

The system sensitivity, S5, of a seismometer—amplifier combin-
ation is given by

S5 =~~~ (2)
Y

where Av is the amplitude of voltage output of the amplifier
resulting from a displacement amplitude Y at the in-
put of the seismometer

Nex t , the sensitivity , 5r’ of the recorder-playout system is
given by

A0Sr (3)

where A0 is the displacement amplitude at the seismograph out-
put for an input voltage Av.

The magnification , M , can be expressed in terms of the sensi-
tivities given in equations (2) and (3) by

M~~~Ss~~~ Sr 
(4)

À y A0 A0Since M S~ Sr —
. 

— •

Y A~ Y
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Magnifications for the twelve recording scales available at the
LDC ’s maintenance display console are given for bot h the LASA—
SP and LASA-LP seismograph systems as determined by equation (4).
The six recorder gain scales are doubled by using either the 10
most-significant bits (MSB) of the 14-bit LASA data word or the
10 least—significant bits (LSB). The value of one LASA bit is
O.8545mV. Magnifications for other recording systems which play—
out LASA SP and LP data can be obtained using this same equation
with the LASA system sensitivity values , which are 20 mV/nm at
1.0 sec and 350 mV/g.un at 25.0 sec for the SP and LP seismographs
respectively.
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TABLE A-i

LASA SEISMOGRAPH MAGNIFICATION VALUES

(for use with the MDC 8-channel chart recorder)

SP Seismographs: S5 = 20± 3mV/nm at 1.0 sec.

Recorder Recorder
Scale SP Sensitivity, mV/nm Scale SP Sensitivity, mV/nm

Posit ion Pos ition
MSB 17 20 23 LSB 17 20 23

20 48.6K 57.1K 65.7K 20 777 K 914 K l.05M
10 97.1K 114 K 131 K 10 i.55M l.83M 2.1OM
5 194 K 229 K 263 K 5 3.llM 3.65M 4.21M
2 486 K 571 K 657 K 2 7.77M 9.l4M lO .5M
1 971 K l.l4M l.31M 1 15.5M 18.3M 2l.OM
.5 1.94M 2.29M 2.63M .5 31.iM 36.6M 42.OM

LP Seismographs: S5 = 350±50 mV/jim at 25.0 sec.

Recor der Recor der
Scale LP Sens it ivity, mV/~ini Scale LP Sensitivity, mV/~jnI

Position Position
MSB 300 350 400 LSB 300 350 400

20 857 1.00K 1.14K 20 13.7K 16.0K 18.3K
10 1.71K 2.00K 2.29K 10 27.4K 32.0K 36.6K
5 3.43K 4.00K 4.57K 5 54.9K 64.0K 73.1K
2 8.57K 10.0K 11.4K 2 137 K 160 K 183 K
1 17.1K 20.0K 22.9K 1 274 K 320 K 366 K
.5 34.3K 40.0K 45.7K .5 549 K 640 K 731 K

59 

~~~~~~ -~~~ --~~ -- - -



_ _ _  .- - — -- -----S — —- --~-— — — -- -
~~~~~~~~~~~~ - --~~~

-- -.- ---- - - - ---

SECURITY C L A S S I F I C A T IO N  OF THIS PAGE (IVbw DCiC EnI.,.d ) ___________________________________
REPADT FttItIIUEkJTATIAII D A

~~E 
READ INSTRUCTIONS,, 

~~~~~~~~~~~ ~~ 
,

~ 
u u-~ r 9W BEFORE COMPLETING FORM

• I~ REPORT NUMBER 2. GOVT ACCESSION NO. 3 RECIPIENT S CATALOG NUMBER

4 TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

MONTANA LARGE APERTURE SEISMIC ARRAY Tec hnical
SEMI-ANNUAL TECHNICAL REPORT 1 October 77-31 March 71

6. PERF ORMING ORG. R~~PORT NUMBER

______________________________________________ 
1245—78—107 ‘~

7- A UT HOR(s )  6. CONTRA CT OR GRANT NUMBER(s )

Robert E . Matkins F08606—78—C-0003 ~~J~’.’

9 P E R F O R M I N G  O R G A N I Z A T I O N  NAME AN D ADDRESS 10. PROGRAM ELEMENT . P R O J EC T , TA SK
• A R E A & W O R K  U N I T  N U M B E RS

Ford Aerospace and Communicatioi~,s Corp.
Engineering Services Division “

214 North 30th St., Billings, MT 59101 VELA T/8708
I I  CO NTROLL ING O FFICE N A M E  AND ADDRESS 12. REPORT DATE

AFETR/PMR 25 April  1978
Patrick AFB , FL 32925 ‘3 NUM~~~ R O F p A G E s

~~~~~~~~~~~~~~~~~~~~~~~ NAME & A D DRESS(II d if f e r e n t  f r om Conirollin~ Office) IS-  ECURITY CLASS.  (of thu report)

VELA Seismological Center - -

312 Montgomery ISC
U1
~~CL ASSI~~~C A TI ON 1 D O W N G R A D I N G

Alexandria , VA 22314 SCH E D U L E

16 D I S T R I B U T I O N  S T A T E M E N T  (of thu. R.port)

rD1~~~~oN ~~~~~~~~~~~~~~~~~~~~~~~~ A
Appto,.d fat public releaset

Distiib~tjø~ Unlimited

— 17 DI ST RIBLJ lION S T A T E M E N T  (of the .b.tract .nt.r.d in Block 20, II dlfferen l from Report)

APPROVED FOR PUBLI C RELEASE ; DISTRIBUTION UNLIMITED

‘I S I I P P L E M E N T A R Y  NO TES

I 1< 1 A C t R O S  ~Co,,tinu. on rer.r.e aid. if nec.ss.ry and Identify by bloc k number)

LASA — Large Aperture Seismic Array
Seismic Array
Seismic Observatory Operation
Seismic Measurement Channe l Performance

- ~. A d S T R A C  T ( C nhlnu.  on rover.. .ide If nO ry and Iden tify by block number)

- The continued operation , maintenance and array improvement act-
ivities at the Montana LASA during the period between October 1,
1977 and March 31, 1978 , are described. Array operations in—
cluding the preparation of daily teleseismic event reports are
detailed. Results of the seismic event processing e f f o r t  are
reported. Seismograph system performance measurements are

DD , ~~~~~~ 
1473 EDITION OF 1 NOV 65 IS OBSOLETE

SECUR ITY CLASSIFIC ATION OF T HIS P A G E  (When bet. Fnt.red)

_ _ _ _



BLOCK 20

presented. Main ta inab i l i ty  statistic8 on the IBM 360 Mode l 44
computer are given. Program maintenance for the PDP-7 computer
system is indicated . Maintenance activit ies at both the  data
and maintenance centers are discussed.

I-

_____


