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SUMMARY

The report covers the period from 1 January
to 30 June 1973, and describes the tasks cf

remote monitoring and field maintenance of
NORSAR.

The corrective maintenance of NORSAR Adurin

the first half of 1973 has been of l.imited
extent.

A preventive maintenance program for the SP
seismograph amplifiers an?d the WliVs, and a
couple of investigations io reduce the main-
tenance load of certain channel units, were
initiated in the period.

In general, the different parts of the array
field instrumentation have been stable and
operated satisfactorily.

INTRODUCTION

The work presented in this repori. corsists of remote
monitcring of NORSAR performed «t NDPC and array
maintenance performed by the NORSAR field technicians.
This werk is in the following labelled 'aM'. Aall

task objectives indicated in the report were accom-
plished during the veriod 1 January - 30 June 1973 an¢

are detailed in the subsequent sections.

The modems of NORSAR have been maintained by the
NCRSAR field technicians as in the last reporting
period, but for convenience the management of this
work ras been transferred to other NDPC personnel.
This also includes responsibility for cooperation
with NTA (Norwegian Telegraph Administraticn) on
proper maintenance and monitcring of the communica-
tion network between NORSAR and NDEC. This work

is therefore documented in (2).




1Al Objectives

The AM work is defined in contract number F19(28-70-
C-0283 en:ered between U.S. Departmen: of the Air Force/
ESD and the Royal Norwegian Council for Scientific and
Industrial Research (NTNF). The contract objectives

for AM are:

Task 1: Maintenance of NORSAR subarrays

a) Develop and perform a preventive and correct
field maintenance program that is integrated witn
the NDPC remote calibration and maintenance analy-
sis capability. This maintenance program will
include all 22 subarrays with their physical
facilities such as seismometers, intra-subarray
communications, electronics, instrumentation,

power supplies, vaults and access roads.

L This program will include repair, calibration

and replacement of defective subarray components.

b) Provide and maintain workshop facilities for

the repair of subarray equipment.

c) Keep detailed records containing work history
on subarrays and components, component repair

history, failure rates and other pertinent
data. '

Task 2: Remote array monitoring at NDPC

a) Establish procedures for array monitoring (AM)
i operation and AM reporting. These procedures
l will include array monitoring and celikration,
routine maintenance and emerxgency array maintenance
actions that are an integral part of the NDPC
operation.

b) Evalunte array perfermarce, nonitor array status

and direct the subarray maintenance (conduct




routine array calibration and array operations

verifica’ion using the NDPC AM diagnostics).

c) Maintz2in the NORSAR AM computer programs. This
will include analysis, correction and testing

of errors and improvements.

d) Establish and maintain procedures and records
that indicate all equipment utilization and
performance relevant to AM. This includes peri-
feral support equipment and field equipment
where data is gathered by the NDPC operation
as part of array calibration, status monitoring

and field maintenance assistance.

AM Personnel

The AM group consisted of eight persons on full time -
six field technicians at the NORSAR Maintenance Center
(NMC) at Stange, one AM analyst heading the group and
his assistant. One person, at NDPC, participated on
part time in the regular monitoring of the LP system
and other routine tasks.

The field personnel group is organized with one of

the technicians as manager of daily activities in

the field and at the NMC. He cooperates intimately

with the AM analysts and reports to these. The field
maintenance work to be accomplished is decided upon

in conjunction with him to secure a satisfactory exploi-
tation of available minpower.

NDPC AlM OPERATING PLAN

The activation rates for the different AM programs
are briefly discussed in Section 2.1. Procedures
at NDPC for handling AM data, reporting angd cocparating

with field personnel are described in Section 2.2.




2.1 Scheduled Monitoring

The chosen monitoring frequency of a subarray using
a certain AM program has been reviewed regularly.
The rates have heen set based on:

1) Experiences of accuracy and reliability of the
program.
2) The error rate of or drift in units monitored

by the program.

3) Computer time requirement of the program.

During the reporting period two changes to the
monitoring schedule have taken place. The rate

of SLEMTEST has been changed from biweekly to
monthly - except for one of the programs in

the package, the RSA/ADC test. The rate cf CHANEV

programs has been changed frcm 4th weekly to 6th
weekly.

The array monitoring schedule as of 30 June 1973

is shown in Table 2.1. As will be scen, all AM
programs in operation, with the exception of SACPLP,
are activated at least once in an eight-week inter-
val. For a brief discussion of monitoring rates and
AM programs in use, refer to (1).

2.1.2 Time_requirements

Table 2.1 also shows the time requirements of the
differ~nt oM programs for routine execution. Col-
lection of a data base from a subarray for later
off-iine aralysis is accomplished without inter-
rupting the normal acquisition of seisrmic data from

other subarrays. To the total amcunt of off-lire

computer time required per month (34 hours) should
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be added the time required for different types of ad

hoc analvses and reruns of off-line programs errone-

ously 2 .ccuted. Roughly, this adds another 3-4 hours.

—— - - —— -

To secure an acceptable quality of the data used

in the seismic data processing at NDPC, the array
status panel on the EOC is monitored daily. 1In
addition, all sensor outputs are visually reviewed,
using the EOC waveform display, to identify channels
with deteriorating performance caused by abnormal amp-

litudes, spikes and non-seismic noise.

211 data channels were checked biweekly, previously
weekly, for phase and gain failures, using the wave-
form display and inserting a sire wave of 1 Hz (SP)
and 0.04 Hz (L?) at the calibration coil of the
sensors.

Other procedures to secure cdata integrity are:

1) Subarray checkout at NDPC before departure of
the maintenance team after a visit. This con-
sists of verbal reporting by visitor, visual
channel check using the EOC, and SLEM circuit
tests.

2) Emergency actions if the array status alarms
are lit on the EOC.

3) Regular logging of time intervals when any sub-
array has been masked to survey loss of seismic
data.

AM Internal and External Reporting

All actions at NDPC related to ~M tasks which interrupt
the normal acquisition of seismic dat2 frcm cne cr more
subarrays are logged. A boerd locazed in the ND¥.

computer hall is kept permanently updated by AM . 1a-

lysts as a reference on a*'ray status tc b2 used oy




scientists and computer personnel.

The field maintenance personnel mails a daily report
to NDPC on activities performed at the array sites.
The reports are reviewed by AM analysts to get an on-
the-spot evaluation of disclosed malfunctions and a

comparison with scheduled maintenance tasks.

In addition, the field technicians issue a monthly
report discussing status of NMC and the array in

generial, and projects not covered by the daily
reports.

A report on LP system status is given biweekly to
ESD/TPO, and a review of all tasks accomplished
by the AM grcup is sent monthly to the NORSAR
change and ccntrol board (CCB).

A semi-computerized report on the status of all data
channels giving the last available information on
their performance is issued daily. This is based

on the parameters calculated by the on-line and
off-line AM programs and the visual inspection of
the seismometer recordings.

ARPAY MONITORING AND FIELD MAINTENANCE

This chapter includes a review of actions of remote
array mcnitoring at NDPC and maintenance accomplished
at the subarrays by the field technicians. The
principles for directing the maintenance of the array
are briefly discussed in 3.1. A discussicr. of dis-

closed faults and maintenance accomplished within the
h

array is given in 3.2. Work accomplished at the NORSAR

workshop is outlined in 3.3. Differernt projects with

the purpose of improving the fielgd eguipnrent are out-

lined in 3.4. NORSAR Analog Station (Ni8) is discussed
iR 3:5.

P




Maintenance Policy

The streng h and flexibility of the AM system implies
that the field maintenance should concentrate on

correcti.> maintenance. Preventive maintenance, in

the ordinary sense, should in general not be 4 neces-

sity. The performance of the array is regularly, and

fore the work program for pzrsonnel in the field and

in some ways continuously, controlled by NDPC. There-
the assignment of priorities to the different main-

tenance jobs will depend on the AM analysts' inter-

pretation of tha output of the AM programs.

The field technicians are directed by the AM analysts
to pverform ad hoc operations at sites where malfunc-
tior. or deteriorating performanc> of instrumentation
ani electronics are disclosed. The number of visits
to the different sites has usuvally bezen high encuch
tc allew regular on-site inspection ard satisfactory
maintenance of facilities and installiations not moni-
tored by NDPC.

The normal preventive field maintenance at the sub-

arrays is limited to routine contrel of the DC offset,
C'iR, gzin of the data channels and check of test
goneracors, RSA/ADC and EPU voltages, and is accom-
riished in connection with scheduled corrective mzin-
tenance. Programs for all-over maintenance of vault
facilities, regular replacement of critical parts

as RA-5 batteries, etc., are initiated when necessary

(refer Section 3.2.3).

arreay Hiz<orw

hie pleaned scnedule for the remcte arrav monitorin

s bezn well met. In the few caszs whera the roaisar-

ing routines have heen delayed, the reascns have bean



Figure 3.1 Number of maintenance visits to the NORSAR Subarray

erroneous executions of the AM programs or communication
troubles.

Maintenance visits

The objectives of subarray visits - not to mention

the corrective maintenance - have been the accomplish-
ment of tasks related to certain preventive maintenance
projects (see Section 3.2.3).

Figure 3.1 shows the number of visits to the different
subarrays in the period. Excluding visits caused by
troubles in the communications system, the subarrays
have in zverage been visited 4.5 times. The larger
number of visits to 04B and 05C are due to the ac-
complishment of different types of experiments (04B)
and routine maintenance of the NZS seismic lﬁsterenta—
tion (05C).

15 +

el B -

0lA 01B 023 035 04B 053 058 073 0IC 02C ©3C 0iC 05C osC 07C 08C 0sC igc .I'!C 12C 13C

13C 1k

{4)

(visits caused by faults in the NORIAR/NDPC communica-
tions system are not included).
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3.2.3
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Work accomplished as part of this type of preventive
maintenance of NORSAR is described in Table 3.l1. The
work at WHVs consisted of maintenance such as painting of
the wood frame, replacement of RA-5 and contrc! of all
circuits at the site. The new RA-5 installed has been
fully overhauled with new power batteries mounted.

The previous problem with 5P seismometers having
characteristics outside tolerance has caused no work

load this pericd. Only three sensors were replaced
during the period.

Unit ction No. 9 Gaauae ) Comments
Subarrays
Accomp. | Remaining

RA-5 |[Modification of 17 13 * 01a02,05,01801-

RA-5 input card | 04,06;02B06,

(see (3), (4)) f 03E01,04,05,
05BC1,03-06,
11C03. Refer
Tehle 4.2

erliieaaie ) SRSl o S e e I S Gl bty Lol e T
sp Replacement of 3 1 Refer Table 3.4
Seism.| senscrs due to and 3.5

damping ané/or

L {nat, freq. T a4 o
LP Adiustment of 9 2 Refer Table 4.1

el st TR SEREIE. S S e
LPV Painti. 1 of 6 0 01a,02B,078,02C,

_______ el SR L R TR o R
WHV & | Miscellanecus 40 66 01A-07B
RA-5

L#a B St I U NS R e s S e L R e i
* Eleven of these are modified for noise suppression but

variable damping resistance, Ry, is lacking.

TABLE 2, 1

Preventive Maintenance accomplished at NORSAR during ths period.
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3.2.4

Disclosed Malfunctions

3.7.4.1 Instrumentation and Slectionics

Table 3.3 shows the number and types of disclosed
malfunctions and accomplished adjustmentz and re-
pPlacements of field equipment with rererence to the

faulty channel and the channel characteristics. Table

3.4 gives the number of faults in the total array
classified by the involved characteristics and unit
in question as in Table 3.3. Table 3.2 explains
tie codes used in Tables 3.3 and 3.4.

Channel unit I Code Refer to:

paramerer Sensor lAmplifier| LTA |Whole | SLEM
SP/LP  IRA-5/ Chan.
Ithaco
Damping ratio A %
Nat. Freguency Fn x
Sensitivity S X
Distorticn D b3 b4 X
Remote Centering RCD X
Device of LP sensor
Filter character- F X %
istics
Gain G X X
Balance B X
DC offset DCO X
CM rejection CMR b4
Lightning BE X
prot. card card
A/D converter ADC x
Test Gencrators Gen's x
(2B, SP, LP) |
e i
Power Unit/sieEM EPU x 3
]
Digital Unit/srey DU ! | X
TABLE 3.2
Explanation of codes for the data channel characterictics used
in Tables 3. 3and 3.4.
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i ol Adj.SPRepl. Ra ] Repl. |
Seis- A 1 9
mometer FO 1 2
S
D
RCD 3 3
Amplifier G 4 i
D
- B 3
LTA G 9
F 111
DCO 19 5
CMR 3
28 card 11
SLEM
EB gen 8 3 '
SP gan 1
LP gen 2
ADC 14 1
EPU 2
DU
TABLE 3.4

Tctal number of adjustments and replacements in the NORSAR
Data Channels in the period 1 January ~ 30 June 1273.
(Characteristic codes are explained in Table 3.2.)

Rectifiers/Latteries

No malfunctions of the rectifiers or }
r

Pev]

patteries have

|-



b

3.2.4.3

w

18]

o

- 927 .

Cables

Cable breakages have occurred twice in the reporting
period. Table 3.5 shows the channels affected and
the time elapsed before repairs were accomplished.

Sub- WHV Main Breakage (out of operation) No. of .
array | Cable | Data From date To date days'
! Cable work
13c 01 5 Jun 8 Jun 4
04cC 02,03, 28 Jun 29 Jun
06
TABLE 3.5

Cable breakages within NORSAR during the first half of 1973,

NCRSAR/NDPC coumunication system
Y

A total of nine subarrays (see Table 3.5 have been

visited due toc malfunctions cf modems or telephone -~
lines. The field technicians performed a total of

12 days' work in the field for these tasks. This

work is documented in (2).

s
Subarray 01201E{02B {038 [04B |05B 06B {078 |01Cc|02C GECg
No. of visits 1 1 2 i

___________________ on e R el SR O o e e
No. of days' work , 1 1 2 i
Subarray 04c osclosciore losc 09cjlociiiciiaciiac 14{j
No. of visite 1 1 2 1 1 2
No. of cdayvs' work 1 1 1 2 3 1 2 '

TABL: 3, 6

Subarray Visits
caused by faults in the communications systen

i



Workshop Repairs

Faulty units anua parts r. ~oved from the array sites

this period and repaired at NMC are listed in Table
3. 7.

Table 3.8 shows faulty units transferred to NMC

last reporting period and repaired during this
period.
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3.4 Improvements

A number of investigations were initiated during
this period to prepare lasting solutions to problems
or time-consuming maintenance of certain units ex-
perienced during the operation of NORSAR. Some of

these prcjects are listed and commented in Table
prcj

3.90
Topic Comments
Degression ¢f ncise The prasent logic is not well-
in ELEZM discrste inputs gL.t2d as line receivers. The
be:T way to enhance the noise
imnunity is to use a ccmparator
I with a suitable input filter
and preotection, refer alsc (5)
l Too low surgs rating of The 1/2 W resiztors pEssantly
" BE protzcricn card employed may be repizced by
wire-wound resistors with higher
ratings, '
The CIV watcer monitor A modified prototype is con-
triggers at low temper- structed and will be tested.
atures.
Trends towards negativa The present offset trim should
[C oifset in the SP/LTA be replaced by one with greatoer
trim range.
Electrolyte boiling in A proposal for modification of
the CIV emergency tcrches the torches has heen presentes
i to the manufacturer.
1
1

———

TAZLE 3.9

Proposed improvemants of 1 )RSAR field egulipment,




NORSAR Analog Station

The station has been in Operation from medio January
and has been used by the analysts responsible for the
routine analysis of seismic events at NDPC.

By inserting a calibration signal (sine 1 Hz) to the
Calibration coil} of the sp Seismometer, the magnifica-
tion is controlled daily (see Table 3.10). The Seismic

instrumentation and telemetry equipment are monitored

bimonthly. Intermittent maloperation due to degraded

quality of :he communicaticn line angd lack of Spare
Farts tc a damaged drum motor implied lit+le use of

the station during the las+ two months of the period.

Comments

T

Intermittent maloperation
due partly to degraded
communication ang partly
to drum motor trouble:,

TRBLE 3,10

NAS Magnification during first half cf 1973,




3.6

New Instruments and Facilities at NMC

A few instrunents have been acguired in the period
and are listed in Table 3.11 ., Refer to (1) for
number and types of field maintenance instruments
available at NMC at the end of the previous report-

ing period.

Tyvpe of Unit Manufacturer and Type No. of
Descriptisn Units
Digital Multimeter Fluxe EJI0A il
Transistdr Taster Ehofe & Schwars Sunicest V i
Sweap/Functicn Datagulse <1 ik
Generator ! E
. [}

~e o

MORSAR field maintenance instruments
acgulrzed ir the repcorting pericd

B

A panel for control and testing of the Ithaco LP
seismngrarh amplifier has been constructed and is in

use at NMC,

An cn-line communication line, 2400 baud, connecting

NMC to NDPC wacs scheduled for iuplementation this

spring. An experimental 1200 baud line was establisned

by NTA in May this year and a line with the requested

capacity is expected to be operational late summer or

fall

a .

P ——
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STATUS OF FIELD CHARACTERISTICS

The chapter includes tables giving the values of the
damping resistances of the LP and SP sensors after the
preventive work discussed in Section 3.2.3 had been
accomplished - Tables 4.1 and 4.2 respectively.
Figures 4.1 - 4,17 show the spread in SP and LP
channel characteristics measured by the aAM progranms,

coilected at the end of the reporting period (April-
June 1973).
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* Adjusted :zfter initial installation 1963.

YORSAR LP seismonaters
a73)




L = 33 =
[ Sub- Seismometers
Array 00/06 01 02 03 04 05
0lAa 250 250 240 220 180 240
F 01B 210 | 210 [240 | 210 | 270 | 240
02B 240 220 240 230 200 190
03B 200 220 240 210 240 210
048 250 260 290 220 310 220
05B 240 240 210 210 215 240
06B 240 230 240 250 190 210
07B 180 220 235 300 220 300
f 0lcC 205 250 210 280 215 240
02cC 215 X X 240 300 24
03C 290 XX XX 200 240 XX
E 04C 220 { 21% {205 | 200 | 215 | 210
: 05C 2450 200 240 210 275 205
06C 24¢ 200 215 240 200 200
07cC 27¢C 220 245 250 200 200
08cC 190 190 190 230 240 215
0ec X | 240 | 240 | 240 | 215 | 215
10C XX 240 240 XX XX 200
11cC XX 180 280 240 XX XX
12¢C 210 180 215 215 240 XX
13C 240 205 240 215 210 265
14C 300 180 190 200 240 240
X - No modifications accomplished (original Ty
input card installed).
XX - RA-5 input card modified for noise but
variable damping resistance Rd not in-
stalled (Rd=240 Kohm) .

TABLE 4.2

Modified RA-5 input cards with damping resistance values
cf the SP seismometer as of 30 June 1973.
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AM PROGRAM DEVELOPMENTS

The off-line analysis program package has been im-
proved to facilitate the access to previous monitor-
ing results. Programs for statistical analysis and
surveillance of fluctuations of the values of critical
array hardware characteristics are in progress and
will allow refined monitoring of the array performance
and possibly predict deteriorating quality of the

data channels.

Modifications to and updating of internal program
parameters of CHANEVSP and CHANEVLP have been ac-
complished. The main new features are options for
reprint of previous analysis results, and analysis
of both seismic instrumentation of NAS and the simu-
lated subarray configuration at NMC without operator
intervention. Features which allow the user to re-
quest detailed control of the execution of these
programs have been added.

EVALUATION

The array has operated satisfactorily throughout the
period with no significant deterioration in its per-
formance. Minor variations in error rates among the
subarrays are disclosed in Table 3.3. However, taking
the types of errors into consideration, it may be right
to state that no major part of any subarray shows greater

instahilities than identical parts on other subarrays.

The investigations initiateé during the period (see
Table 3.9 ) will hecpefully further improve the error
rates for the array shown in Table 3.4. This refers

especially to the DCO of the LTA where a significant

1]

trend towards a negative bias is observzd, and the
+a

channel protect

on circuits which easily get damagac

during thunder




rate of the EPUs requiriug major adjustments or replace-
ments was observed this period. This increase may be

of no significance, but we will investigate if the more
frequent control and adjustment routine introduced this
period as part of the preventive maintenance program

accomplished during subarray visits may cause harm to
these units,

The imbalance, gain, loss and distcrtion of SP seisme-
graph amplifiers observed during the last: yea: have in
many cases been explained bv a decay in the battery
pcwer due to aging. Therefore, all batteries will be
replaced and the RA-5s fully overhauled as parc

cf the preventive maintenance program for 1973 and 1974

(Section 3.2.2j. T™he oldest part of the array, the
Ho2

3

d B-ring, was completed during this period.

The spread in the values of critical SP and LP channel
characteristics measured by the AM programs is shown

in Figures 4.1-4,17. The values for most of

the parameters have a good clustering with a mean near
the center of their tolerance interval, while others
disclose a significant bias towards positive or nega-
tive values. This will be investigated together with

an overall review of the initial fixation of tolerance
limits of the instrumentaticn. These data also disclose
the need for other actions. Here should only be men-

tioned the flux of the LP seismometer magnets, i.e.,

the coil sensitivities, which will be calibrated as soon

a2s the necessary equipment has been acquired.
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2)
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4)
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