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FOREWORD 

This research is supported by the Advanced Research Projects 
Agency.  The Electronic Systems Division technical project officer 
for Contract No. F19628-70-C-0010^is Lt. J. R. Todd (ESLC).  This 
report covers the period from 1 January 1970 through 30 March 1970 

This technical report has been reviewed and is approved. 

James R. Todd 
Lt., USAF 
Chief, Seismic Array Program Office 
Communications Division 
Directorate of Planning and Technology 
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ABSTRACT 

This report concerns the technical activity associated with the 
operation and maintenance of the Montana Large Aperture Seismic 
Array (LASA) for the period January - March, 1970.  A planned 
study of the short-period seismic channel tolerances is presented. 
A new procedure for characterizing array equipment failures is 
described along with changes to the EDP maintenance documentation 
system.  Recent calibration data for the ESSA microbarograph array 
are given.  Release of a weather bulletin via phone line interface 
between the LASA Data Center and the Billings Weather Bureau is 
described.  Description of a long-period seismometer cabling and 
free-period adjustment improvement modification is  ncluded.  A 
short-period sensor field test and RA-5 amplifier rehabilitation 
program in progress is detailed.  The LDC computer and array oper- 
ation statistics are provided. 
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SECTION I 

INTRODUCTION 

The work reported in t 
performed under the Montana Large 
Number F1962S-70-C-0010. The cont 
services, materials and facilities 
effort, develop and improve, and t 
Facility Montana Large Aperture Se 
the state of Montana. The specifi 
identified in the following tasks: 

his third quarterly report was 
Aperture Seismic Array Contract 
ract entails the provision of 
necessary to perform research 

o maintain and operate the LASA 
ismic Array (LASA) located in 
c purpose of the contract is 

by: 
A.  Operate and maintain the LASA data acquisit ion equipment 

(1)  Utilizing the PDP-7 computer with its peripherals 
at the LASA Data Center (LDC) to record data in ttie pre- 
scribed format in the back-up mode to the on-line real-time 
communications linking the LDC to the Seismic Array Analysis 
Center (SAAC) in Washington, D.C.  This will provide 168 
7™8oin^W^? back-up recording when the on-line computer 
UBM 3bO/Model 44) on the transcontinental data link mal- 
functions or requires maintenance. 

r^ (2)  Providing and maintaining a tape library at the 
LDC to retain all recorded tapes. 

(3) Utilizing the maintenance, monitoring, and control 
facilities at the LDC for checks of array performance and 
performing liaison with power and telephone companies. 

(4) Providing the necessary computer operators 168 
hours per week for the on-line transcontinental data link 
computer, IBM 360/Model 44. 

*   f
B',^PrOVi?e, 0Perate and maintain specially equipped vehicles 

tor field maintenance and one vehicle for administrative purposes. 

C. Provide physical facilities by lease to house the LDC. 
Billings, and the LMC, Miles City, Montana, to include all neces- 
sary related support as janitorial services, necessary parkine 
space and building maintenance. 

D. Provide all necessary general administrative support 
such as  but not limited to:  (1) utilities, (2) telephones, 
3 postage, (4) TWX  5) office supplies, (6) freight charges, 
(7) stockrooms, and (8) liaison with the United States Department 
of Interior, Bureau ox Land Management, insofar as leasing of 
public lands near the LASA, Montana, is concerned 



E. Provide maintenance of leases, easements, rights-of-way, 
agreements, and authorizations for access to 525 LASA field sites 

F. Provide for continued power and telephone utilities for 
the LASA subarrays. 

G. Provide property control in support of all material 
residual from prior related contracts as well as the applicable 
Facilities Contract Number F19628-68-C-0298. 

All effort in support of these tasks that occurred 
during this reporting period is presented in the subsequent 
sections of this report. 

Listed at the end of the report are references which 
are applicable to the detailed effort presented. 
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SECTION II 

OPERATION 

2.1 Data Center Computer 

The IBM/360 computer operated on-line to the Seismic 
Array Analysis Center (SAAC) 92.0% of this third quarter  This 
is a decrease from the previous two quarters due primarily to an 
increased amount of scheduled outages for equipment sales changes 
and program development (20.7 hours).  Thirty-nine hours, or 13% 
of the outage time, were due to the 50 kilobaud phone line service 
interruptions.  The IBM/360 computer utilization statistics are 

TABLE I 

SYSTEM/360 MODEL 44 COMPUTER UTILIZATION 

OPERATION ACCUMULATE! » TIME, HOURS 
JANU FEBa MARCH TOTAL 

On-line system program operation: 

Recording with WAPS 
Running at LASA only 

686.5 
10.1 

615.8 
9.5 

685.5 
5.8 

1987.8 
25.4 

Downtime. 

Scheduled maintenance 22.5 18.0 5.9 46.4 
Corrective maintenance 8.6 0 0 8 6 
Waiting for maintenance 
Program halts and loops 
Idle time 

10.9 
1.6 

0 

0 
1.2 
1.0 

0 
0 

17.3 

10.9 
2.8 
18.3 

Running diagnostics 
Program development 
Shutdown, other than computer 
equipment inoperative 

0 
0 

3.8 

0 
16.7 
9.8 

0 
4.0 

25.5 

0 
20.7 
39.1 

TOTALS 744.0 672.0 744.0 2160.0 

HQ+O    ^  The operational and recording requirements of the 
on 7«Cn *  S PDP"7 comPuter ^suited in back-up mode operation 
on 78 occasions covering an accumulated time period of 179 9 
hours.  This operation produced 1341 magnetic tapes recorded by 
the computer on 51 different days.  The PDP-7 computer utiliza- 
tion statistics are shown in Table II 



TABLE II 

PDP-7 COMPUTER UTILIZATION 

i 

OPERATION 
ACCUMULATED TIME, HOURS 

JAN FEB. MARCH TOTAL 

On-line system program operation, 
Back-Up recording 

58.5 58.7 62.7 179.9 

On-line calibration recording and 
system maintenance testing 

31.9 23.8 55.7 

Seismic data tape duplication 
and/or verification 

General use including: 

Program development 
Running utility programs 

40.1 
51.1 

32.0 
31.2 

91.4 
59.8 

163.5 
142.1 

Computer downtime including: 

Scheduled maintenance 
Corrective maintenance 
Shutdown, computer equipment 

inoperative 
System program stopped during 

cal-outs and program traps 

6.5 1.5 

0.1 0.2 

8.0 

0.3 

Computer idle time 555.5 524.7 523.6 1603.8 

Training 

Diagnostic programs and testing 0.4 6.1 6.5 

Shutdown, other than computer 
equipment inoperative 

0.2 0.2 

TOTAL 744.0 672.0 744.0 2160.0 



2.2 Data Center Library 

The operation of the LDC tape and film library for 
this quarter consisted of (1) saving 1341 high rate PDP-7 com- 
puter tapes recorded during periods of back-up system operation, 
and (2) distributing four reels of high rate tape to IBM-SAAC. 
As of the end of March 1970, tapes covering back-up operation 
periods from 10 October 1969 to 31 March 1970 were available for 
distribution. 

2.3 Array Control 

The array control function at the LDC consists of 
(1) array and data center equipment performance monitoring and 
test, (2) interface with telephone company personnel regarding 
telephone equipment performance, and (3) generating and main-^ 
taining appropriate records to document the technical activities 
associated with array maintenance and operation. 

2.3.1 Data Center Equipment 

During this third quarterly period, maintenance and 
failures in the IBM/360 and wideband data link systems resulted 
In no data being transmitted to SAAC from the Montana array for 
a total accumulated time period of 107.8 hours.  This is an in- 
crease from the time periods of 51.0 and 68.7 hours for the first 
and second quarters respectively.  Additionally, whenever certain 
WAPS equipment requires maintenance, no real-time data is trans- 
mitted from the LDC; during this quarter 25.4 hours of back-up 
operation occurred for this reason.  This continues the decreasing 
trend of 60.8 and 37.1 hours for this operational parameter. 

2.3.2 Array Equipment 

For the purpose of array control, the present con- 
figuration of array equipment has been divided into six groupings 
These groups include (1) the short-period seismic sensors, (2) the 
long-period seismic sensors, (3) the microbarograph sensors, (4) 
the meteorological sensors, (5) the subarray electronics and con- 
trol equipment, and (6) the communication circuits.  The distri- 
bution of the equipment sensor groups differs among the 21 sub- 
arrays.  Short-period seismic sensors are installed at all sub- 
arrays; long-period sensors are at all subarrays except in the 
B-rings; microbarograph sensors are at all subarrays except E3; 
and meteorological sensors are at eight subarrays only.  Refer- 
ence 2 contains a detailed listing of the array equipment con- 
figuration. 

Operation and maintenance of the array equipment 
requires that the data be interrupted at various time periods, 
during which time normal or reliable data may not be available 
to the LASA data user.  The reasons established for data inter- 
ruptions are:  (1) maintenance, either being performed or 



initiated, (2) subarray equipment failure in which no maintenance 
has been initiated, (3) telephone company(s) performing tests on 
the communication circuits, (4) telephone company(s) communication 
link not functioning, (5) power outage at the subarray, or (6) 
special data center testing.  In the event any of these situations 
occur, a notation is made in the data interruption log relating 
to the data affected and the time period.  For the case of short- 
period and long-period data interruptions, SAAC is alerted via the 
System 360 typewriter.  The durations of subarray data interrup- 
tions recorded during this quarter are listed in Table III. 

The equipment groups connected to the data center via 
the telemetered communications channels have certain known re- 
sponses to telemetry commands whereby the condition of the various 
equipments may be determined.  When these responses exceed the 
tolerances established for a particular channel, an equipment 
failure is reported.  The improper channel responses which re- 
quire maintenance action from the LMC are recorded on a work order. 
Those which can be corrected from the LDC maintenance console, 
such as the long-period seismometer mass position and free-period 
adjustments, are logged on a LP system check sheet.  The normal 
seismic channel responses to sinusoidal calibrations are shown 
in Table IV. 

Table V indicates the incidence of defective channels 
detected by checks performed from the LDC for the six equipment 
groupings mentioned at the beginning of this section.  The large 
incidence of defective LP channels results from 188 out-of-tolerance 
measurements of the long-period seismometer's mass position and 
free period; mass position is centered to within i2mm and natural 
frequency maintained within 20±1 second. 

2.3.3 Microbarograph Equipment Calibrations 

Tests and calibrations have been performed this quarter 
on the thirteen ESSA microbarographs installed in four inner-rings 
of the LASA.  The results of effort are shown in Figure 2.1.  This 
figure, a sample of the microbarograph array calibration report 
being distributed from the LDC, identifies each microbarograph 
channel and shows the channel sensitivities, full scale values, 
3 dB response times, the peak-to-peak low frequency system noise 
level, and the date and time. 

The channel sensitivities and full scale values for 
the ESSA microbarographs (response code C125) are determined from 
a single, low-amplitude (about 8% of full scale), sinusoidal, 
pressure-signal input as produced from an ESSA motor-driven 
bellows-type calibrator.  The sinusoidal calibration signals were 
recorded at the LDC Maintenance Display Console and computer pro- 
cessed and recorded either at SAAC or by the PDP-7 computer at 
the LDC.  Immediately prior to this calibration the sensor acous- 
tical input was plugged and the system noise recorded and computer 
processed for approximately 10 minutes. 

6 
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TABLE   III 

SlfBARRAY  DATA   INTERRUPTION  OUTAGES 

SUB- 
ARRAY 

DATA 
TOTAL TIME DURATION OF DATA INTERRUPTIONS IN HRS0 

JANUARY FEBilUARY MARCH TOTAL 

AO SP 
LP 
j^baro 
Meteor 
Telco 

1 1 
11 
1.1 
1.1 
.2 

1.6 
1.3 
1.3 
1.3 
0 

3.1 
3.1 
3.1 
3.1 
.8 

5.8 
5.5 
5.5 
5.5 
1.0 

Bl SP 
^baro 
Telco 

.1 

.1 
0 

.4 
0 
0 

0 
0 
.1 

.5 

.1 

.1 

B2 SP 
/ibaro 
Telco 

0 
0 
0 

.4 
0 
0 

2.6 
2.6 
.1 

3.0 
2.6 
.1 

B3 SP 
jjbaro 
Telco 

0 
0 
0 

.4 
0 
0 

0 
0 
.1 

.4 
0 
.1 

B4 SP 
jLibaro 
Telco 

o 
0 
.9 

.4 
0 
.3 

0 
0 
.7 

.4 
0 
1.9 

Cl SP 
LP 
^baro 
Telco 

0 
0 
0 
0 

.4 
0 
0 
.3 

0 
0 
0 

.4 
0 
0 
1.0 

C2 SP 
LP 
^baro 
Telco 

0 
0 
0 
.1 

17.4 
17.1 
17.1 
0 

2.7 
2.7 
2.7 
.1 

20.1 
19.8 
19.8 

.2 

C3 SP 
LP 
jjbaro 
Telco 

0 
0 
0 
0 

.4 
0 
0 
0 

0 
0 
0 
.9 

.4 
0 
0 
.9 



TABLE III (CONTINUED) 

SUBARRAY DATA INTERRUPTION OUTAGES 

SUB- 
ARRAY 

DATA TOTAL TIME DURATION OF DATA INTERRUPTIONS IN HRS„ 

JANUARY FEBRUARY MARCH TOTAL 

C4 SP 0 .4 0 .4 
LP 0 0 27.1 27.1 
jibaro 0 0 0 0 
Telco 0 0 .1 .1 

Dl SP 0 .4 0 .4 
LP 0 0 0 0 
^baro 0 0 0 0 
Telco 16.5 0 7.7 24.2 

D2 SP 2.2 1.7 6.8 10.7 
LP 2.2 105.2 96.4 203.8 
jibaro 
Telco 

2.2 1.3 6.8 10.3 
0 1.1 1.9 3.0 

D3 SP 0 .4 3.9 4.3 
LP 0 0 3.9 3.9 
jjbaro 0 0 3.9 3.9 
Telco 0 0 .9 .9 

D4 SP 0 .4 0 .4 
LP 0 0 0 0 
^baro 
Telco 

0 0 0 0 
0 0 1.3 1.3 

El SP 1.1 .4 0 1.5 
LP 1.1 0 0 1.1 
jxbaro 1.1 0 0 1.1 
Meteor 1.1 0 0 1.1 
Telco 0 0 1.6 1.6 

E2 SP .2 .4 0 .6 
LP .2 0 0 .2 
libaro .2 0 0 .2 
Meteor .2 0 0 .2 
Telco 0 

! 
0 

i  

.1 .1 

8 



TABLE III (CONCLUDED) 

SUBARRAY DATA INTERRUPTION OUTAGE ' 

SUB- 
ARRAY DATA TOTAL TIME DURATION OF DATA INTERRUPTIONS IN HRS 3 

JANUARY FEBRUARY MARCH TOTAL 

E3 SP 
LP 

0 
0 

.4 
0 

0 
0 

.4 
0 

Telco 0 0 .1 .1 

E4 SP .2 .4 0 .6 
LP .2 0 0 .2 
/ibaro .2 0 0 .2 
Meteor .2 0 0 .2 
Telco 0 0 .8 .8 

Fl SP 
LP 

.2 

.2 
.4 

0 
6.7 
6.7 

7.3 
6.9 

ILtbaro .2 0 6.7 6.9 
Meteor .2 0 6.7 6.9 
Telco 2.1 3.1 5.3 10.5 

F2 SP 3.3 .4 26.9 30.6 " LP 3.3 0 72.7 76.0 
jubaro 
Meteor 
Telco 

3.3 
3.3 
0 

0 
0 
.1 

26.9 
26.9 

.1 

30.2 
30.2 

.2 

F3 SP .1 .4 0 .5 1 LP .1 0 0 1 
^tbaro .1 0 0 1 
Meteor .1 0 0 .1 

.1 Telco 0 0 .1 

F4 SP .2 .4 0 6 
LP .2 0 0 .2 
jjbaro .2 0 0 .2 
Meteor .2 0 0 .2 

8.7 Telco 0 8.0 .7 

9 
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TABLE V 

INCIDENCE OF DEFECTIVE SUBARRAY CHANNELS/EQUIPMENT 

SUBARRAY 
CHANNELS EQUIPMENT    1 

SP LP uBARO METEOR SEM 
STANDBY 
POWER 

m 

AO 0 20 0 0 0 0 

Bl 1 - 0 - 0 0 

B2 3 - 1 - 0 0 

B3 2 — 1 - 0 0 

B4 1 - 0 - 0 0 

Cl 0 11 0 - 0 0 

C2 1 12 0 - 0 0 

C3 0 19 0 - 0 0 

C4 0 10 1 - C 0 

Dl 3 14 0 - 0 0 

D2 3 15 1 - 1 0 

D3 0 11 0 - 0 0 

D4 3 6 0 - 1 0 

El 1 7 0 0 0 0 

E2 4 7 0 0 0 c 

E3 1 9 - - 0 0 

E4 1 11 0 0 0 0 

Fl 2 15 0 0 0 0 

F2 0 21 0 0 0 0 

F3 2 16 0 0 0 0 

F4 0 3 0 0 0 0 

TOTALS 28 207 4 0 2 0 
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Since in the present ESSA microbarograph system, the 
sensitivities are not adjustable and therefore variations occur 
from system to system depending upon the characteristic differ- 
ences in the acoustic networks, diaphragms, and discriminators. 
Periodically, the tests will be repeated and the calibration 
report will be updated to reflect any sensitivity or response 
changes.  These updated reports will be distributed to recognized 
microbarograph data users. 

2.4 

2.4.1 

Integrity Control 

Short-Period Seismic Channel Tolerances 

A study effort is in progress at the LDC directed 
towards a better definition of the seismic channel allowable tol- 
erances.  Data from the weekly array calibration tests are being 
collected and analyzed.  Presently, the standard short-period 
channels are being studied.  The attenuated channels and the stand- 
ard long-period channels are next planned for investigation to de- 
termine if the tolerances which are presently being user» (as estab- 
lished during Lincoln Laboratory control of the array operation) 
can be narrowed to reduce the amount of scatter among the channel 
calibration responses.  Detailed analysis of the different types 
of array channels is being completed during this study.  This 
should assist in defining additional tolerances for oth3r channel 
parameters, viz., dynamic range, linearity, etc.  Preliminary 
results thus far indicate that the short-period, 1 Hz, channel- 
smsitivity tolerance of 16.2 to 27.8 mV/nm can be narrowed.  The 
amount of allowable tolerance change which is determined to be 
reasonable will be reported following the completion of this 
study effort. 

2.4.2 Equipment Failure Reporting 

A new system for the reporting of array equipment 
failure statistics has been developed.  Changes to the existing 
maintenance statistics collecting system were made to provide 
greater detail in the equipment failure information being gener- 
ated.  Equipment failures are now defined at the part level as 
opposed to the assembly level.  A failure is an abnormality in a 
part of an assembly which controls the systems performance.  An 
abnormality, a measurable and significant deviation from a stand- 
ard, becomes a failure when some internal physical or electrical 
characteristic of the part exceeds the normal operating limits. 
To improve failure identification, failures are classified to 
accommodate the variety of different types of failures in the array 
equipment.  Further, the classifications are based on equipment 
performance effects that can be readily observed and identified. 
The focal point for this identification is the LDC maintenance con- 
sole where the system outputs can be measured.  The failure classi- 
fication codes are included on the work order form prepared by the 
maintenance technician and are as follows: 
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(1) system failure - a failure resulting in zero or no 
system output which prevents the system or equip- 
ment from performing its primary function. 

(2) mode failure - a failure which results in no system out- 
put during one of several different modes of 
operation. 

(3) limited failure - a failure resulting in a system out- 
put which is outside the allowable tolerance 
limits but permits degraded performance, 

(4) latent failure - a failure which changes a system output 
either by an amount less than the allowable tol- 
erance or from the nominal output when no toler- 
ance limits have been established. 

(5) temporary failure - a failure produced by an operating 
or environmental stress which results in 
permanent physical damage. 

no 

2.4.3 WOSR System Changes 

The LASA Work Order Search and Retrieval (WOSR) system 
nas been changed to accommodate improvements, such as the eruip- 
ment failure code described in paragraph 2.4.2 of this report. 
Figure 2.2 shows a sample oi the Work Order Search and Jletrieval 
output incorporating tne changes.  Reading from left to right 
the iirst change is in the work order number (column 10-14) 'This 

iT/il/lFll  WitVn ?'" "B>M 0r MC'M followed by the last'four 
digits ot the work order nurab-r,  The letter denotes the portion 
of the work order to which the line entry corresponds.  The work 
order form is in three parts, permitting reports on three levels 
of array hardware maintenance.  Normally, part 1 (entry A) begins 
with a system malfunction and ends with a defective equipment 
assembly report.  Part 2 (entry B) is -hen initiated on the de- 
tective equipment assembly and identifies the subassemblv con- 
taming the failed part or, if no subassembly is involved  it 
indicates the failed part itself.  Part 3 (entry C) is the sub- 
assembly repair work order which indicates the failed part(s) 

The 
27).  The name c 
levels of hardwa 
system.  Tikewis 
37), and action 
accommodate the 
Column 41 contai 
In the work orde 
the completion o 
For example, it 
"C" part numbers 

next change is in the equipment name (column 22- 
odes have been expanded to reflect the three 
re maintenance reporting permitted in this new 
e, the subassembly (column 35), symptom (column 
taken (column 39) codes have been modified to 
new information to be handled by the system, 
ns the failure type code previously discussed, 
r status column (43), the letter "C" indicates 
f the total repair cycle for each reported failure 
is used after "A" work order numbers if "B" and 
are not required, and after part MCM work order 
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numbers only if all parts have been used.  If more than one part 
"C" work order is required to complete the repair effort, this code 
is added to the final part "C" entry when all other part "C's" have 
been completed. 

MOIE   *   Q 
Sl\m   lATE   s   3/lf/7i 
STOP   lATE   =   3/5l/7f. 
LOCATION(S)   s   LBC. 
EQUIPMENT   TYPE  =   . 
SYMPTOM   a   . 
ACTION  =   . 
TYPE  OF  FAILURE   =   . 
WO   OPEN   OR   CL0SEÖ   z 
COUNT   ONLY?   (YES,NO) 
HISTORY? 
3 /24/7« 

/2«/7t 
/2i/7i 
/23/7i 
/23/7t 
/23/7i 

/I 1/71 
/!«/?• 
/2€/7t 
/2€/7i 
/2C/7« 
/2 5/7U 
/23/7t 
/23/7i 
/23/7i 
/23/7i 
/3«/7« 
/27/7i 
/27/7i 

LÖC 
TOTAL 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

COUNT 
COUNT 

(YES,NO) 
BI395  LK 
B14t3 
B14f3 
B1394 
BMI4 
B14a4 
B1393 
B1393 
B1392 
BI399 
B1399 
B1399 
Bi4M 
B14tl 
PHI?. 
314«2 
B14t2 
B139« 
B1421 
31421 

i 

L3C 
LDC 
LIC 
LDC 
LIC 
LBC 
LBC 
LDC 
LDC 
LDC 
LDC 
LDC 
LDC 
LDC 
LDC 
LDC 
LDC 
LBC 
LDC 

21 
2i 

N. 

«ÖC-I 
SYNCTL 
SYNCTI 
CARDRE 
MISC 
MISC 
TAPEU 
TAFEU 
TAPEU 
TAPEU 
TAPEU 
TAPEU 
PWRSYS 
CARDRE 
TAPEU 
TAPEU 
TAPEU 
MDC-1 
SYNCTI 
SYNCTL 

1 
6B9 
€lt 

32 
32 
19 
19 
32 
33 

19 
32 
33 
1 

3 
( 
6 
• 
7 
7 
3 
• 
3 

4 

• 
3 
1 
I 

9 
Y 
Y 
G 
Y 
Y 
T 
V 
S 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
C 
Y 
Y 

L 
Y 
Y 
E 
Y 
Y 
J 
L 
L 
Y 
Y 
Y 
Y 
W 
i 

Y 
Y 
Y 
L 
Y 
Y 

C 
C 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

REPLACED   PINS     2EA. 
PM 
PM  CHECK  ■♦•  RESET   IF  NEEBEB 
ABJUST  HOPPER  SWITCH 
CLEAN  ANB  LUBRICATE 
CLEAN  AND   LUBRICATE 

DOOR   ANB  SPRING 
VAC   MOTOR  BRUSHES 

REPLACE 
REPLACE 
PM 
PM 
PM 
PM 
PM 
PM 
i^M 

PM 
REPLACED  BATTERY   142BBB41 
CHECK   ANB  RESET   HYPER   CLOCK 
CHECK   ANB  RESET  HYPER  CLOCK 

Figure  2.2     Sample Work Order  Search and 
Retrieval Printout 

16 



h 

SECTION III 

MAINTENANCE 

3.1 

3.1.1 

Data Center 

General Discussion 

bv thP nn.hJ^       n^enanCe activity at the LDC is summarized 
in TahlTv?  Sw reP!ir and Preventive maintenance actions shown 
in lable VI  The entries for the IBM System 360/Model 44 computer 
were obtained from the GSA and IBM maintenance logs.  IBM provides 
maintenance for this leased computer.  The PDP-7 computer tlpl 
units were again the major contributor to the data center main- 
tenance requirement primarily due to its electromechanical nature- 

decrla^/h1" ^Vtl  ^ nUmber 0f taPe unit maintenance actionl' decreased by one-half from 44 to 22. 

+..        No maJor failures occurred in the LDC equipment durimr 
this period  The reported incidence of maintenance^onsoJe repair 
actions results primarily from normal battery usage in the chart 
recorder zero-suppression unit.  The increase in preventive main- 
tenance actions results from continued development of the program 
established at the beginning of this contract Program 

3.1.2 Weather Bureau/LASA Interface 

Billing woafh  «    mtenace has been established between the 
Billings Weather Bureau office and the LDC PDP-7 computer to pro- 
vide weather data from the eight LASA weather stations (see 
Mon^enCe Lf0r vfe*ther  bureau use in forecasting the Eastern 
maSe to TbTT/fL    IS***  ^ ShOWS the interface fnd connections made to the data center computer.  Following logic level con- 
version and inversion of the computer output, connection is made 
to the phone company's 820D Data Set.  A 150-baud private-line 
service is provided between the data center and the Billings 
airport weather bureau office.  A KR-33 Teletype provides fhe 
weathermen with a hard copy output in one of two formats  The 
more detailed of the two formats is shown in Figure 3.2  This 
format identifies the stations, their weather parameter measure- 
ment averages, and standard deviations for temperature, wind 
direction wind speed, barometric pressure and rainfall accumula- 
abbr^Tft HWO different «1^ *****.     The other format is an 
abbreviated version and is standardized to normal weather bureau 

This weather report is generated automaticallv each 
Anv^ASA clZuV.011  a non-interfering basis to the LASA operation. 
Any LASA computer usage requirement results in a canceled or 
delayed weather report.  The Billings weather bureau chief reports 
that this weather information has often been used to improve 
Eastern Montana forecasts as weather fronts moved across the area 

17 
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TABLE VI 

DATA CENTER EQUIPMENT INCIDENCE OF MAINTENANCE ACTIONS 

EQUIPMENT NUMBER 

PDP-7 Computer: 

Mainframe 
Card reader 
Typewriter 
Magnetic tape units 

2 
1 
2 

22 

360/44 Computer: 

Mainframe 
Card punch/reader 
Typewriter 
Printer 

o 
0 
1 
2 

Data Adapters: 

IBM Model 1826 
IBM Model 1827 
IBM Model 2701 

0 
0 
2 

Analog System: 

Digital-to analog system 
Develocorders 
Maintenance Console and chart recorders 

I 
13 

Digital System: 

TiraiJig System 
PLIN» 
Serial Output Unit 
MINS 
Misc. 

1 
0 
0 
o 
5 

Preventive Maintenance: 57 

TOTAL 112 
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140-M5c::0fi, e LASA WEATHER 

SAMP 
TE^P 
AVE 

DEC   F 
DEV 

DIRECT 
AVE 

DEG   AZ 
DEV 

SPEED 
AVE 

[■;FH 
DEV 

PRES 
AVE 

U   - 
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Figure 3.2 LASA Weather Bulletin 
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3.2 

3.2.1 

Maintenance Center 

General Discussion 

The major efforts for this quarter were directed to 
shop maintenance, training, and special projects discussed in the 
following paragraphs.  Field maintenance was limited to emergency 
situations during January and February due to travel conditions, 
iravel conditions improved during the latter part of March 
allowing field work to begin at full capacity.  Field activity 
was concentrated on three areas, the ESSA microbarograph and 
weather station calibrations, RA-5 amplifier exchange, and the 
long period modification.  During this quarter 73 field trips 
covering 7 743 miles were made by LMC personnel.  One trio was 
made to PMEL at Great Falls, Montana, to pick up calibrated test 
equipment. 

3.2.2 25-Second Calibrator Improvement 

The 25-second calibrator card (see Figure 3 3) is 

?n^ a
in the PI)? ?raWer 0f the SEM to filter a -^Hz square wave 

into a sinusoidal signal for calibration of the long period seis- 
mometer system. 6 * 

The card contains four FET operational amplifiers that 
were originally produced, using discrete components, at Mncoln 
Laooratory.  The repair of these amplifiers requires matched FET 
transistors plus discrete component changes to balance the circuit 
and set the gain. 

*«...,.    ,    A commercially available FET operational amplifier 
Philbrick/Nexus QFT-5, was tested for interchangeability with the 
original module.  The QFT-5 replaced the original on the card both 
physically and electrically without any modifications.  Testing 
revealed that gain, dc offset, waveshape and stability we.-e equal 
to the original circuit.  Both the original and the QFT-5 wer- 
IS?r ?« ?«1?S environmental chamber over a temperature range of 
tL two *™ni?^ana  ere Wer! n0 measureable differences between 
the two amplifiers in wave-shape, amplitude, or offset. 

~o„,< <- •   J*1*  QFT"5 offset tolerances are tight enough that the 
card tnmpots are adequate to set circuit offsets without discrete 

lr7Änll\CfngeS.\   A1SO the QFT-5 Can be intermixed with ?£ original type modules on a card.  In the future the FET operational 
amplifier modules that fail will be replaced by the QFT-5 ooera- 

Qr?n5 irL's^th-  tS additional advantage is that t2ecos?Pof the 
QFT-5 is less than the cost of matched Field Effect Transistors. 

21 
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3.3 

3.3.1 

Array 

LP System Cabling and Free-Period Mnriifina^^ 

mrn*.u ? review of maintenance records for the D«st „icrh+oo« 

3.3.1.1 Moisture Problem 

^* The LP vault has inherently a hieh r^iafivo ht.itrto 
clu^nn1^^3! !8%-  The ori^nal instalLfion o? the vauU in 
cluaed an unsealed junction box from which distrihntinn I* 
necting cables was maH* +n +h« «.t   w"icn distribution of con- 
ciated damping Junction assembli^ T^1^1 tanks and asso. 
the vault, condensation took n^*n **  teraPerature changed within 
from !«a*LJ KT*«    7   k Place and numerous troubles resulted 
irom ^eakage between wires and ground and rrn^c+oiu v S resul5ed 
Approximatelv a v^ar acrr, a« o^4.  ü  '    crosstalk between wires, 
box to alleviate the Noblem  ^ Was/ade to ^al the junction 
still  occurred in the cah^n.;  *  ^0!!d unsuccessful.  Leakage 
July 1969 36 failures in thf iv     ^.^  Junction b^-  Since 
moisture problem LP systems occurred due to this 

the vault inr^t^01^'^K 
t0 ^hiS Pr0blem has been to eliminate tne vault junction box by relocating electrical circuits to thm 

the" ank ^tSn^d^^ Terrainal KOU^'     ^TorllclloTto uue tanK is then jnade via two slx-palr cables to eaph tant a^n 
interconnections are accomplished at the CTH  These six ca^fs 
required were already run between the vaults and or!y required 
splicing m the LP vault and potting Into the tanks  Th» H!  • 
junction assemblies were mounled Jnflde°he tanks s<; that %?*** 
wiring external to the tanks exists in the LP vault a"" modifi 

iL^lat orrSe^3-^^ tahLtankS — thoroughly d":dr ^nd^ he" 
_7TJ r  ? lepiaced.  The tanks were sealed with reactivatort 
^tCH Bei 1^talled- "»ring the modification the vauUwfs 
the re^t y tHe ^? 0f *  large fabricated blower which lowered 
l^, l^.    I  Ve  huraidity to 30%-  This was done to prevent trlnnlnT 
SiSuy during th' ^J'  S^ect^  ^ seismom^lr to h^h 8 
the ftHt   *g^ !.m0dlflCation-  Blocked mass tests were run at 

by^thiTLdi^^ti^n?" t0 aSSUre that n0 S^te'" •»'- waesreiXed 

3.3.1.2 Free-Period Ad.lust  Problem 

tbe  iree-per^d^d^iird^vL^^ea^ld^e" L^1^?1 ^ftr^r 
s^tiortr^L8 *rhobLrrirt^^LerLiybfrovhe ^ -:"-y and manually rese? tbe^re^ ^rioT* ^IT^^Z^rl^ 
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Figure 3 4  Vortical LP Seismometer Installation 
After Modification 

Figure 3.5 Modified Free-Period Remote Adjusting 
Device Mounting 
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ray^oe*en^tTbr!;oLhee ^rss.r^may require severai 

past six months of the Records have been kept for the 

■period 
iable 

Piesent tree-period adjusting device, depending upon the se 

adin^Searnal Change and the initial setting of ?he free! 
ffctors^iMs1^^ ^nce

H
these ^anges have a^umber of ^ xactors, it is not deemed predictable. 

ramre of thJ^ Solution to th^  Problem has been to increase the 
™??e.°f the free-period adjusting device by a factor of three. 

Äfa %****?  increase^ in-range^by^rf^to; ir^elTseT* 
Figure 3.5)   The mounting plate of the adjusting device was 
sunk"?« a??d V**11* " reinfo^ing plate'to thf top' counter- 
ins't rumen ts?" ClfcaranCe f0r the CaSt Should- - the'horizontal 

fi*m*  .-!+  ^A one-m°nth evaluation period was allocated for thP 
Iftll 111*    HrJng !hich n0ise levels were recorded prior to and after the modification in reference to other sites  Thl  r^in 
forcing of the mounting pUte was a result of this'evaluation" 
An increase is noise lew). M the vertical instr„Lnr  !i ■rnncrt! /^-F An  *.~  r-n vex Liwd.i instrument m the 

this site have shown no increase in noise level since the ?in*l 
configuration was installed. since the final 

3.3.2 RA- 5 Amplifier Rehahi Tita ^--ir.r. 

uSns P lfierS " SUbarray C2 Were rePlace<i withPreco^itioied 

sivclv t^ + J^l  ^P^111«11-8 removed from subarray C2 were exten- 

Polaris ^i^: ^l  ^t^lZ^lf^T^  2^^^' 
polarity, and temperature stability at different gain settiAgs. 
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The amplifiers with a maintenance history of insta- 
bility and frequent adjustments were found to have defective com- 
ponents and would fail one or more of the tests.  The amplifiers 
with a clean maintenance history over the past five years passed 
all of the tests. 

Without exception, all of the batteries measured their 
rated 1.35 volts.  Capacity tests were conducted on a sampling of 
the removed batteries and compared to a new battery.  Of those 
tested, there did not appear to be any decrease in capacity after 
five years of operation. 

As a result of these tests, and after conversations 
with the manufacturer of the amplifier, we are convinced that the 
rated shelf life as stated by both the amplifier and battery 
manufacturers is cautionary.  The battery manufacturer's defini- 
tion of shelf life is based on the total ampere-hour capacity 
remaining in the battery and not on the voltage potential 
existing after a given time.  It is impossible to predict how 
long the batteries will last in an RA-5 as there is no current 
drain (voltage potential being the only operating requirement). 

Based on these findings, amplifier rehabilitation will 
proceed on a limited basis.  All amplifiers with a history of 
instability, frequent adjustment, and/or failure will be replaced 
at each subarray.  These amplifiers will then be repaired new 
batteries installed, and tested extensively to insure realiaole, 
stable operation before being used again in the array.  This 
approach will improve the reliability of the array and stagger 
battery replacements. 

3.3.3 Short-Period Sensor Testing 

During the exchange of RA-S's at subarray C2, addi- 
tional checks were made of system parameters.  These checks in- 
cluded seismometer natural frequency, seismometer damping ratio, 
and system frequency response.  To obtain a sampling of this data 
across the entire array, these checks will be continued at all 
well-head vaults visited for RA-5 replacement.  The damping ratio 
will also be corrected when necessary. 

Seismometer natural frequency was measured using the 
Lissajous method.  The distribution of natural frequencies at 
subarray C2 is plotted in Figure 3.6.  A comparison of the results 
with original installation records indicates that seismometer 
natural frequencies have decreased an average of .07 Hz.  This 
was substantiated by the fact that damping resistances had to be 
lowered in all cases where the damping was out of tolerance (over- 
shoot ratio of 15:1 - 22:1).  The exact cause of the decrease is 
unknown but it is suspected to be spring fatigue. 
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Figure 3.6 Distribution of SP Seismometer 
Natural Frequencies at Subarray C2 

Facilities Support 

Land Restoration 

+h0 . K    There have been four incidents of water leakaee in 
the subarray central terminal vaults during this Quarter with 

cov" inCth:tntS %t.Suba7ay *!' There was'e^rem^rfc'snow 
cover m that portion of the array this winter An attJmt trT 
landscape the CTH area for better drainage wni be sorted as 

surficlal dnl^tal 0f fuUr subarrays have been inspected lor 
tion nJ +h   g SlnSe the Winter snows have melted,  Restora- 
HTn 11 l^lLr^TtT,^  ^ SPring —" Wil1 be ^a^teTas 
3.3.4.2 Landowner Contacts 

+a^ ^ +u  
There have been a total of fifteen landowners con 

tacted thxs period regarding LASA operations and si^ragreements 
3,3,5      Activities in the Array 
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