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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 duri<-g 
the first half of 1973 has been of limited 
extent. 

A preventive maintenance program for the SP 
seismograph amplifiers ai^ the WIIVs, and a 
couple of investigations ^ reduce the main- 
tenance load of certain channel units, were 
initiated in the period. 

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

INTRODUCTION 

The work presented in this report consists of remote 

monitoring of NORSAR performed at NDPC and array 

maintenance performed by the NJRSAR field technicians. 

This work is in the followi-.g labelled 'AM'.  All 

task objectives indicated in the report were accom- 

plished during the period 1 January - 30 June 1973 anc 

are detailed in the subsequent sections. 

The modems of NORSAR have been maintained by the 

NORSAR field technicians as in the last reporting 

period, but for convenience the management of this 

work h^s been transferred to other NDPC personnel. 

This also includes responsibility for cooperation 

with NTA (Norwegian Teleg: aph Administration) on 

proper maintenance and monitoring of the communica- 

tion network between NORSAR and NDPC.  This work 

is therefore documented in (2). 
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1•1    Objectives 

The AM work is defined in contract number F19r>28-70- 

C-0283 en.ered between U.S. Departmen  of the Air Force/ 

BSD 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 with 

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. 

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) 

operation and AM reporting.  These procedures 

will include array monitoring and calibration, 

routine maintenance and emergenc-, array maintenance 

actions that are an integral part of the NDPC 

operation. 

b) BVAluatt array performance, nonitor array status 

and direct the subarray maintenance (conduct 
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routine array calibration and array operations 

verificaJ ion using the NDPC AM diagnostics). 

c) Maml-aiu 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. 

1.2   AM Personnel 

The AM group consisted of eight persons on full time - 

six field techririar.s at the NORSAR Maintenance Center 

(NKC) 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 manpower. 

NDPC AM OPERATIi;G PLAN 

The activation rates for the different AM programs 

are briefly discussed in Section 2.1.  Procedures 

at NDPC for handling AM data, reporting and cooperating 

with field personnel are described in Section 2.2. 

- 
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2.1 Scheduled Monitoring 

2.1.1 M22it2£in3_rates 

The chosen monitoring frequency of a subarray using 

a certain AM program has been reviewed regularly. 

The rates have >(*en  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 of CKANEV 

programs has been changed from 4th weekly to 6th 

weekly. 

The array monitoring schedule as of 30 June 1973 

is shown in Table 2.1.  As will be seen, all AM 

program- 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 Tima_re2uirfments 

Table 2.1 also shows the time requirements of the 

differ-nt :.M programs for routine execution.  Col- 

lection of a data base from a subarray for later 

off-line analysis is accomplished without inter- 

rupting the normal acquisition of seismic data from 

other subärrays.  To the total amount of off-line 

computer tin« required per mor.th (34 hcurs) should 

—.     ■ ■ a 
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be added the time required for different types of ad 

hoc analyses and reruns of off-line programs errone- 

ously Ci .ocuted.  Roughly, this adds another 3-4 hours. 

2.1.3  Yisual_insgection 

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.  In 

addition, all sensor outputs aT"e visually reviewed, 

using the EOC waveform display, to identify channels 

with deteriorating performance caused by abnormal amp- 

litudes, spikes and non-seismic noise. 

All 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 data 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 usjng 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. 

2. 2    AM Internal and External Reporting 

All actions at NDPC related to &N tasks which interrupt 

the normal acquisition of seismic data from one cr more 

subarrays are logged.  A boord located in the NDPC 

computer hall is kept per^.arer.tly updated by AM . la- 

lysts as a reference on a-ray itatua to be used .jy 
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scientists and computer personnel. 

The field maintenance personnel mails a daily report 

to KDPC on activities performed at the array sites. 

The reports are reviewed by AM analysts to get an on- 

the-spot evaluation of disclosed maltunctions and a 

comparison with scheduled maintenance tasks. 

In addition, the field technicians issue a monthly 

report discussing status of NMC and the array in 

general, and projects not covered by the daily 
reports. 

A report on LP system status is given biweeklv to 

ESD/TPO, and a review of all tasks accomplished 

by the AM group is sent monthly to the NORSAR 

change and control board (CCB) . 

A semi-compurcrized 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. 

ARRAY MONITORING AND FIELD MAINTENANCE 

This chapter includes a review of actions of remote 

array monitoring at NDPC and maintenance accomplished 

at the sabarrays by the field technicians.  The 

principles for directing the maintenance of the array 

are briefly discussed in 3.1.  A discussion of dis- 

closed faults anc maintenance accomplished within the 

array is given in 3.2.  Work accompiished at the NORSAR 

workshop  is outlined in 3.3.  Different projects with 

the purpose of improving th« field tquipnent are out- 

lined in 3.4.  NORSAR Analog Station (HAS) is discussed 
in 3.6. 
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3.1    Maintenance Policy 

The streng h and flexibility of the AM system implies 

thet the field maintenance should concentrate on 

correcti.T maintenance.  Preventive mainteuance, in 

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

sity.  The performance of the array is regularly, and 

in some ways continuously, controlled by NDPC.  There- 

fore the work program for personnel in the field and 

the assignment of priorities to the different main- 

tenance jobs will depend on the AM analysts' inter- 

pretation of thfl output of the AM programs. 

! 

3.2 

The   field  technicians  are  directed by  the AM  analysts 
to  perform ad hoc  operations  at  sites where malfunc- 
tior.^  or  deteriorating performance of  instrumentation 
aru  electronics  are  disclosed.     The number  of  visits 
L.O  the  different  sites  has  usually been high  enough 
to  allow regular on-site  inspection and  satisfactory 
maintenance  of   facilities  and  installations  not moni- 
tored  by  NDPC. 

The  normal  preventive   field  maintenance  at  the   sub- 
arrays  is   limited  to  routine  control of  the  DC  offset, 
CIR,   gain of  the  data  channels  and  check of  test 
genera-cors,   R3A/ADC  and EPU  voltages,   and  is   accom- 
plished  in connection with  scheduled corrective  main- 
tenance.     Programs   for  all-over maintenance of  vault 
facilities,   regular  replacement of critical  parts 
as  PJv-B  batterier,   etc.,   are  initiated when necessary 
(refer Section   3.2.3). 

Subarray Hlstorv 

3.2.1     §^h£-rraY_morirorin2_schedule 

The  picnned  Bchedule   for  the  remote  array monitoring 
h is be:n well met.     In   the   few  cases where  the  monitor- 
ing routines have been delaye:!,   the re&sor.a have been 
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3'3    Workshop Repairs 

Faulty units ana p^rts r. ^ovcd 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. 

,   mmtm 
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3.4 Improvements 

A number of  investigations v/ere  initiated  during 

this  period   to prepare   lasting  solutions   to  problems 

or  ti-.e-consuming maintenance of certain  units  ex- 

perienced  during  the  operation  of  NORSAR.     Some  of 

these prcjects  are   listed and commented  in Table 
3.9. 

Topic Comments 

Depression of ncis-r 
in SLF:: discrete incuts 

Too  low  surge   radnj  of 
BE protection -ard 

The CTV water ir.jnitor 
triggers  at.  :ow lemper- 
atures. 

Trc.T.d.-, towards negative 
DC offset  In  the SP/LTA 

Blectrolyta  boiling   in 
j the CTV emorgency  tcrche: 

The present legir is not well- 
S'wired as   line  receivers.     The 
bei-  way   to enhance  the   noise 
iomunity is  to  use  a  ccxparator 
with a suitable  input  filter 
and  protection,   refer  alto   (5). 

The  1/2 W reäicto-s  presently 
cnployed may be replaced b-.- 
wire-wound resistors with higher 
ratingr.. 

A Modified prototype  is  con- 
Structed and v;ill be  tested. 

The present offset  trim  should 
be  replaced by one with greater 
trim range. 

A proposal   for modification of 
the torches has b^en presented     i 
to  the manufacturer. 

TABLE  3.9 

Proposed iaproveaents    of i IRSAB field equipsiant. 
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3.5 NORSAR Analog StaUnn 

The 3t uon has been in operation ^ medio 

and has been „Sed by the analystS responsibie for the 

routxne analysls of seismtc events at NDPC. 

By inserting a caUbration signal .sine 1 Hz, to the 

btatron col! of the SP seis.o.etet, the .agnf oa- 

tloa i. controlled daily (see Table 3 10) rh! .., . 

i^str^entation and telenetry ^ f M   , ™ 

V»Ut 01 .ne eo«.„„ic.tlor line and lac. of soare 

P«rt. te a cenaged dru. rotor i.pUed Uttle -se of 

«.. station äurln, -.he last two month., of the -rio.- 

Period 

9 Jan - 6 Feb 

7 Pot - 12  Mar 

13 Mar - 10 Apr 

|11 Apr - 14 Apr 

lä Apr - 15 Apr 

17 Apr - 28 Apr 

28 Apr - 1 May 

2 May - JO Jun 

Consaenci 

Intermittent malooeratic-T 
due partly to degraded 
communication and partly 
to drum motor trouble,. 

TABLS 3.10 

HAS magnification during fi^t half of 1973. 

•M _ 
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3.6    New Instruments and Facilities at NMC 

A few instruments have been acquired in the period 

and arc 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. 

Type of Unit Manufacturer and Type 
Description 

No. of 
Units 

Digital MultlMtar 

rransistOX Tester 

Swcap/Functlon 
Generator 

Fluke BOOOA 

Rnoie 1 Schwarz Sunitaat V 

D.t.puU.410 

X 

i 

I r\^LuL     3 .   * X 

NORSAR field nalntenance Inetrumenta 
acquired in the reporting period 

A     panel   for control  and   testing of  the  Ithaco  LP 

■•isntograph amplifier has  been  constructed and  is   in 

use  at NMC. 

An  on-line cor-munication  line,   2400 baud,   connecting 

NMC   to NDPC was  scheduled   for  implementation  this 

spring.     An  experimental   1200  baud  line was  establ--sne d 

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

capacity  is  expected  to be  operational   late  summer  or 
•F-> ^   T 

___ 
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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 AM programs, 

coxlcoted  at  the end of  the  reporting period   (Aprll- 
June   19 7 3). 
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Sub- Suh- Ch. ohm Ch. ohm array array 

01A V 2360* 04C V 2880 
KS 2640* NS 2350 
EW 2400 EW 2400 

OIB V 2660* 05C V 2910* 
NS 2910* NS 2780* 
EK 2400 EW 2S40* 

02B V 2310* 06C V 274C* 
KS 2560* NS 2600* 
EW 2800 EW 2470 

C3B V 2663* 07C V 2550* 
NS 3220* NS 2-50 
EW __253ö__ EW 2500 

n is V 2300 08C V 2380 
r;s 3990 NS 2670 
EW 3560* 2670  i 

053 V 208Q C9C V 2330 
NS 2630 NS 2790 
E H 2520 EW 317C 

06B V 2750* 
■  

IOC V 2470* 
KS 2800 NS 25^0* 
EW 2540 LW 2362* 

C7B V 2550 lie V 2080* 
KS 2440 NS 2480* 
EW 2980 EW 2700* 

01C V 2380* 12C V 2605 
NS 2650 NS 4230* 
EW 2760 EW 3190* 

02C V 2600* 13C V 2180 
NS 2530 NS 2600 
EW 2470 EW 2550 

C3C V 2680 14C V 24C0 
NS 2820 NS 2R'0 
EW 2280 EW 2870* 

* Adjusted  r.ftor    initial   installation  1963, 

TABLE  4.1 

Dvaplim rcsittano« of :.he SQRSAH L? MimooMtian 
(Juno  1973) 

- ■ ■ 
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Sub- 
Array 

Seismometers 
00/06 01 02 03 04 05 

01A 250 250 240 220 180 240 

01B 210 210 240 210 270 240 

02B 240 220 240 230 200 190 

0 3B 200 220 240 210 240 210 

04B 250 260 290 220 310 220 

05B 240 240 210 210 215 240 

06B 240 230 240 250 190 210 

0 7B 180 220 235 300 220 300 

01C 205 250 210 280 215 240 

0 2C 215 X X 240 300 240 

0 3C 290 XX XX 200 240 XX 

04C 220 215 205 200 215 210 

05C 240 200 240 210 275 205 

06C 24C 200 215 240 200 200 

07C 27C 220 245 250 200 200 1 
08C 190 190 190 230 240 215 

09C X 240 240 240 215 215 

IOC XX 240 240 XX XX 200 

lie XX 180 280 240 XX XX 

12C 210 180 215 215 240 XX 

13C 240 205 240 215 210 265 

14C 300 180 190 200 240 240 

X - No mo 
input 

dificat 
card i 

ions accompl 
nstalled). 

ished (origi nal 

XX - RA-5 
varia 
stall 

input c 
ble dan 
ed (V 

ard modified 
iping resista 
24 0 Kohm). 

- for n 
nee R, 

oise b 
not i 

ut 
n- 

TABLE 4.2 

Modified RA-5 input cards with damping resistance val>i2s 
of the SP seisnioneter 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 

airay 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 CHAMEVSP 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 rontrol 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 

instabilities than identical parts on other subarrays. 

The investigations initiated during the period (see 

Table 3.9 j will hopefully 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 

trend towards a negative bias is observed, and the 

channel protection circuits which easily get damaged 

during thunder storms.  A small increass in the error 

 L 
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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 und distortion of SP seismo- 

graph amplifiers observed during the last yeai have in 

many cases been explained by a decay in the batterv 

pcwer due to aging.  Therefore, all batteries will be 

replaced and the RA-5s fully overhauled as part 

of the preventive maintenance program for 1973 and 1974 

(Section 3.2.3).  The oldest part of the array, the 

A- and B-ring, was completed during this period. 

The t.pread 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 instrumentation.  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 iOOn 

as the necessary equipment has been acquired. 
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