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from 115 to 45, giving a mean time between failures of about 2.5 days

as compared to 1 day during the foregoing half year. The operation

of the Event Processor has continued as before, including the production
of the monthly seismic bulletin which is now distributed to 66 recipients
around the world. The bulletins are also sent to NEIS/USGS and AFTAC/VSC
via the ARPANET. An average of 10 events per day seems to represent

a typical summer time performance after the array reduction.

There has been an ever increasing load on the off-line computer, forcing
research personnel to run their own jobs during nights and weekends.

In spite of these extra efforts, a number of jobs are getting further
and further behind.

There have been some problems with the array communications. In the
period May-July some of the subarrays were affected by serious cable
errors, and consequently, a number of data channels were masked in this
period. As to the ARPA network, the operations have been satisfactory
apart from minor irregularities with the SDAC cmmunication circuit.

A seismic amplifier with high and low gain outputs has been constructed
for the new Southern Norway Seismic Network. A close clustered experiment

11

subarray was put into operation at the end of September, especially desigped

for analysis of high frequency noise coherence. The work with the SPS
substitution, that is, the installation and programming of the MODCOMP
computer, is in progress. By the end of this reporting period, trans-
mitting ICW's and receiving ODW's from the SLEM's had been achieved.
IBM interfacing will be started as soon as NORSAR has the relevant
equipment available.

During the present period a considerable amount of work has been
conducted on the design of a future NORSAR processing center, including
both a new off-line research computer and an upgrade of the on-line

DP system. A brief summary of the suggestions and conclusions obtained-
is given in this report.

The research activities are summarized in five separate subsections

of the last chapter of this report. The first subsection discusses P

and Lg wave attenuation within 15 degrees using NORSAR short period
records, and the second one is an analysis of global P-wave attenuation
characteristics based on ISC data. Then follows a work on classification
of regional events, all within the distance range 10 to 40 degreeés.

- The fourth subsection describes an experimental small subarray within
the NORSAR array and the last one deals with the NORSAR short:period
recording of explosions during the 'Fennoscandla Long Range Profile 1979'
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I. SUMMARY

This report describes the operation and research activities at the
Norwegian Seismic Array (NORSAR) for the period from 1 April to 30
September 1979.

The performance of the NORSAR online DP system has improved relative

to the previous reportiﬁg period, the uptime has been 95.5%, which is

an increase by 1.47. The number of SPS etops has decreased drastically -

from 115 to 45, giving a mean time between failures of about 2.5 days

as compared to_l day during the foregoing half year. The operation

of the Event Processor has continued as before, including the production
of the monthly seismic bulletin which is now distributed to 66 recipients
around;the worid. The bulletins are also sent to NEIS/USGS and AFTAC/VSC
via the ARPANET. An average of 10 evehts per.day seems to represent

a typical summer time performance after the array reduction.

There has been an ever increasing load on the off-line computer, forcing
research personnel to run their own jobs during nights and weekends.
In spite of these extra efforts, a number of jobs are getting further

~and further behind.

There have been seme problems with the array communications. In the

period May-July some of the subarrays were affected by serious cable

errors, aﬁd consequently, a number of data channels were masked in this
. period. As to the ARPA network, the operations have been satisfactory |

apart from minor irregularities with the‘SDACbcmmunication circuit.

A seismic aﬁplifier with high and 1ow’gaiﬁtoutputs has been'eonstructedv
for the new SouthernvNorway Seismic Network. A close clustered experimental
éUbarray was put into operation at the end of September, especielly deéigned
for ana1y51s of high frequency noise coherence. The’ work w1th the SPS
substltutlon, that is, the installation and programming of" the MODCOMP
computer, is in progress. By the end of this reportlng period, trans-

A mitting ICW's éﬁd receiving ODW'S'from the'SLEM's had been -achieved.

-’_IBM 1nterfac1ng will be started as soon as NORSAR has the relevant

N equlpment avallable.



e ekt

e e e e ettt A AP i BN A PSS ) i A e B e (S S i R e

T

During the present period a considerable amount of work has been
conducted on the design of a future NORSAR processing center, including
both a new off-line research computer and an upgrade of the on-line

DP system. A brief summary of the suggestions and conclusions obtained

is given in this report.

The research activities are summarized in five separate subsections

of the last chapter of this report. The first subsection discusses P

and Lg wavé,attenuation within 15 degrees using NORSAR short period
records, and the second one is an analysis of global P-wave attenuation
characteristics based oﬁ ISC data. Then follows a work on classification
of regional events, all within the distance range 10 to 40 degrees.

The fourth subsection describes an experimental small subarray within
the NORSAR array and the last one deals with the NORSAR short period
recording of explosions during the 'Fennoscandia Long Range Profile 1979'

seismic experiment.

‘H. Gj¢ystdal
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I1. OPERATION OF ALL SYSTEMS

I1.1 Detection Processor (DP) Operation

There have been 84 breaks in the otherwise continuous operation of the
NORSAR Online DP system within the current 6-month reporting interval.
Even though this is just half the number of stops compared to the
previous period (Oct 78 - Mar 79); the uptime percentage has just
increased with 1.47% to 95.5%. This is due to.five stops that occurred
during nights and weekends _without setting off the alarm. These five
stops stand for 1.57 of the downtime. Fig. II.1.1 and the accompanying
table II.1.1 both show the daily DP downtime‘for the days between 1 April
~and 30 September 1979. The monthly recording times and percentages

are given in Table II.1.2,

The breaks can be grouped as follows:

a) SPS malfunction : -45

b) Error on.the Multiplexor Channel s 2

c) Stops related to possible program. 10
errors . ' )

d) Maintenance stops ' ' : 4

e) Power jumps and breaks

£) Hardware problems : : 3

g) Magnetic tape and disk drive . : 14
, problems . ] -

h) Stops related to system operation : 1

N

i) TOD error stops

This shows that the SPS is still the main reason for the downt ime even
though there has been a decrease'frOm 115 to 45 in the number of stops

compared to the previous iﬁtefval (Oct 78 ~ Mar.79).
The total downtime»for.this period was 195 hours and 53 minutes. The
mean-time-between-failures (MIBF) was 2.5 days, asfeompared with 1.0 days

for the previous reporting period.

J. Torstvelit
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Month DP DP No. of ~ No. of Days DP MTBF*
Uptime Uptime DP Breaks with Breaks (days)
(hrs) (%)
Apr 686.12 95.3 22 12 1.2
May 711.96 95.7 11 . 2.5
Jun 680.31 94.5 9 8 2.8
Jul 729.57 - 98.1 15 11 1.9
Aug 732.25 98.4 5 5 5.1
Sep 656.47 91.2 22 13 1.2
Total = 4196.68 95.5 84 58 2.5
Period _

Table II.1.2

~Online System Performance

April 1979 - September 1979

. * Mean—-time-between—-failures = (Total uptime/No. of Up Intervals)




rSyArisn o
P A R

R S e e e G B L G e T O S

A i R

LIST OF BREAKS IN DP PROCESSING THE LAST

DAY

91
93
93
94
94
94
96
96
96
97
98
98
98
98
99

99

99
105
ios
109
li4
116
124
124

124
125
125
126

142

143

144

145

148

149
152
153
154
154
154
165
166
167
- 179
179
180
182
182

~ START

23

-9
19
6
16
19
10
19
21 .
1
10

14

16
22
-5
10
16
7
9
17
20
12
0
i
7
7

18

12
4
21
6
12
0
8
21

- 0

7
16
17

29

- 49

21

26
42

. 30

21

29
16

54

53
47
40

is8

21

32
41

52
31

54

37.

57

17

49

39
29

33
34
13
45

40
12

39

4T -

40
12

STOP

23
10
20
6
18
23
10
21
22
11
11
14
17

23
e

10

-19

9
10
19
21
12

53
25
3
58
49
7

40

8
37
28
23

. 48

17
1

- 16
21

18
16
28
40

1
25
21
35
18
55
i3
54

50

32
20

51
27

2
0
40

23
20’
19
467
21

6
43

COMMENTSQQQQ.OQ-UUU

SPS ERROR
MPX/LATE
SPS ERROR
SPS ERROR
SPS ERROR
SPS ERROR
SPS ERROR
SPS ERROR
SPS ERROR
SPS ERROR
SPS ERROR |
SPS ERROR
SPS ERROR

'SPS ERROR

SPS ERROR

SPS ERROR

SPS ERROR

SPS ERROR

SPS ERROR
POWER BREAK
PROGRAM ERROR
SPS ERROR

SPS ERROR

SPS ERROR

SPS ERROR

SPS ERROR
PROGRAM ERRDR
SPS ERROR
POWER BREAK

TESTOUT OF MODCOMP
TESTOUT OF MODCOMP

WORK ON DC POWER

MT STATION FAILURE

TOD: FATLURE

‘OISK DRIVE FAILURE
‘DISK DRIVE FAILURE

DISK DRIVE FAILURE
CPU FAILURE

CPU FAILURE

PROGRAM ERROR

'OPERATOR ERROR
OPERATOR ERROR

MT STATION FAILURE
EOC FAILURE
PROGRAM ERROR
PROGRAM ERROR

DISK DRIVE FAILURE

.. Table II.1l.1
‘(Sheet 1 of 2)IT »ldel -
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LIST OF BREAKS IN DP PROCESSING THE LAST HALF~YEAR

DAY  START STOP COMMENTSenesoassssas

183 8 43 10 21 DISK DRIVE FAILURE
186 T 35 7 48 PROGRAM ERROR
187 7 39 8 50 MT STATION FAILURE
190 9 58 10 15 SPS ERROR '
191 11 19 11 41 POWER BREAK

191 12 21 12 32 POWER BREAK

196 11 17 11 29 CE WORK

204 10 10 10 ‘29 MT STATION FAILURE
205 13 3 13 16 PROGRAM ERROR

206 12 29 12 54 MT STATION FAILURE
206 13 19 15 4 SPS ERROR T
206 22 41 23 1 MT STATION FAILURE
211 20 58 23 21 MT STATION FAILURE
215 13 40 14 9 PROGRAM ERROR

218 11 58 12 6 MT STATION FAILURE
221 6 23 7 1 SPS ERROR

221 9 23 12 23 SPS ERROR

229 23 37 24 0 SPS ERROR

230 0 0 7 8 SPS ERROR ,
248 17 54 24 O MT CONTROLLER FAILURE
249 0 0 6 27 MT CONTROLLER FAILURE
253 6 38 6 54 MPX/LATE :

256 8 31 8 41 PROGRAM ERROR

257 13 26 13 29 MT CONTROLLER FAILURE
261 12 15 12~ 20 PROGRAM ERROR '
265 1 14 8 52 SPS ERROR

265 10 11 10 20 SPS ERROR

265 16 56 17 2 'SPS ERROR
265 18 21 19 16 SPS ERROR

265 20 58 24 0 SPS ERROR

266 0 0 8 50 SPS ‘ERROR
- 267 5 2 7 30 SPS ERROR
267 1 49 8 50 SPS ERROR

267 11 - 3 11 . 7 SPS .ERROR

267 14 51 .° 16 20 TOD FAILURE

267 17 0 18~ 24 'SPS ERROR

268 6 14 11. 45 SPS ERROR

268 16 34 .17 - ;9 SPS .ERROR
269 3 0 14 58 .SPS ERROR:

270 2 9 - 2 51 :5PS ERROR

270 9 .8 .9 . 42 SPS.ERROR

270 10 2 11, 24 SPS ERROR

271 9 0 11 43 SPS ERROR

) b sl wlon
 Table IL4al. Ly ' 5yuiv:
(Sheet 2 of 2)
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IT.2 Event Processor Operation

The operation of the Event Processor has continued as before, including
the production of a monthly seismic bulletin which now is distributed .
to 66 recipients-afound the world. ARPANET is used for sending the
bulletins to NEIS/USGS and to AFTAC/VSC. Hardware problems have

caused some delay in the editing of the bulletins for August and
September 1979, so that bulletins for three months (Aug—Oct) were

issued simultaneously in the beginning of November.
Some statistics for the present reporting period are given in
Table II.2.1. An average of 10 events per day seems to be typical

'summer performance' since the array was reduced in size.

H. Bungum

B. Hokland
T. Hoff

Teleseismic Core Phases - Sum Daily
April 1979 ' 307 69 376 12.5
May 1979 - - 250 : 54 304 9.8
June 1979 T 227 52 279 9.3
July 1979 240 80 - 320 10.3
August 1979 244 77 321 10.4
September 1979 = 187 36 223 7.4
1455 368 1823 10.0

 Table II.2.1

.,
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II.3 NORSAR Data Processing Center (NDPC) Operation
Data Center

The heavy load of work on the B-computer continued throughout this period.
Most users have now learned to run the computer so they can run their

own jobs outside office hours. Also a couple of students have been hired
to run jobs during nights and weekends. However, there are jobs that

are getting more and more behind.

J. Torstveit

Array Communications

In May,’June and July the subarrays 02B, 02C, 04C and 06C were affected

‘due to serious cable problems,'The problems started aiready'in April (7-10)

when 02C com. cable caused problems. 18 May 02B was masked and remained

so until 12 June. Due to splkes in the 06C data thlS subarray was taken -

‘out of operation 29 May (masked). NTA discovered serious problems on the
. cable toward the'Central Terminal Vault (CTV). 5 July the subarray was

| back in operation.

16 June 04C was taken out of the system and remained so unt11 3 July.

" The subarray was also masked for periods between 3 and 10 July. ‘As for
-06C 11ghtn1ng was the cause of the dlfflcultles,_and the'same-was,true

 for 04C. A number of pup1n coils Were damaged in the buried cables.

The repa1r work was t1me—consum1ng, as’ the coils had to be exactly

.1ocated, thereafter exposed and replaced

17 June NTA fonnd the cable toward the 02C CTV Uncoﬁered in a sand pit,

-damaged by an open. f1re After repalr the subarray resumed operation 3 July.
’vAlthough reported mended, errors appeared in the, 1nput words (ICW s) toward
_ the CTV up to and sometlmes more than 200 (per 16 2/3 min.) were observed.

" In sp1te of the errors, the data seems to be. unaffected, accordlng to

the Ch1ef Data Analyst..

AN AR 1 00 i i i e e it a
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. Week/

Subarray/Per Cent Outage (approx.)
Year | o1a 01B 02B 02¢ 03C 04C 06C

15/79 20.5

17/79 3.5

20/79 36.0

21/79 100.0

22/79 £ 100.0 62.0
23/79 100.0 100.0
24779 19.5 | 29.0 29.0 | 18.0
25/79 | 1100.0 100.0 | 92.0
26/79 100.0 100.0 |100.0
-27/79 36.0 33.0 | 30.0
28/79 - 6.0 1.0 3.0
29/79 N

30/79 10.0

31/79 135

132/79

133/79 1.0

34/79 2.5

35/79 . _

36/79 21.0

37/79 2.0 0.4

1 38/79 14.5 -

39/79 7.5 9.0 [.. 4.0 2.5

Table II.3.1

.- Individual 'subarray outages (incl. error rates

exceeding 200). Figures in per cent of total time.
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Outages where all subarray circuits have been involved simultaneously

are as follows:

April 3 outages
May 4 outages
June - 3 outages
July 0 oﬁtages
August 4 outeges
September 4 outages.

Table I1.3.2 shows Qutages/degraded performance related to communications

circuits.

"II.4 The ARPA Subnetwork
The London Communication Circuit

Apart from one 'Carrier Loss' in May, most'relisble.

The SDAC Communication Circuit

Apart from one 'Carrier Loss' in June, and minor short irregularities,
mostly "Marginal Circuit' indications, this,circuit'has also been reli-

able during the period.

The Terminal Interface Message.ProceSSOr (TTIP)

Preventive Maintenence (PM) was carried out according to schedule. Apart
from a few restarts, the machine has also during this period'been'runnigg

continuously.

12 .29 June and 6 July the TIP was restarted 30 August Mr. cC. Kelley
of Bolt Beranek and Newman visited Tanum and NORSAR Here at NORSAR
he tested different TIP 1nterfaces. In thrs connection the machlne '
was down approx1mate1y 1 h 15 mlnf 7

' Sentrallnstltuttet (Central Instltute for Industr1a1 Research, contact man _'

[ |
s h-.‘.

Renskaug) will most 11ﬁely w1th1n ‘the foreseeable fhtufé Bé“ﬁﬁﬁﬂected

to one of the TIP ports, prov1ded that permlss1on is glven."

O0.A. Hansen



Asa | aeriL £ wmay JUNE JULY AUG SEP - AVERAGE
S (5) () (4) (5) (4) } YEAR
. - (2-29) (30.4-3.6) | (4.6-1.7) _(2-29) (30.7-2.9) (3-30)
SR I P10 >200 - | >20 >200 |>20 >200  |>20 >200 20 >200 20 >200 |>20 >200 |
» 3lo1a | - 0.1 | o2 0.2 |- 0.3 |- - 0.2 - 0.2 0.2 | o.1 1
s o | - 0.1.°{0.2 0.3 (- 0.4 |01 - fo0.2° 0.2 (0.2 2.0 |O0.1 0.5
. Zlozs o2 0.1 |01 47.2 |- 209 |- 2.5 }0.2 0.2 0.6 | 0.1 13.8
5 Blozxc |24 5.2 01 0.3 |- 57.2 | 7.8 10.7 |7.4 10.3  11.3 | 4.7 14.3
s a3 |- 0.8 {.0.2 0.7 }| 0.2 - - .1 0.1 0.1° 1.2 | 0.1 0.5
: flasc {01 0.3 [ 0.2 0.2 | 0.1 57.1 [ 0.4 6 0.1 .1 }o.s 0.2 |02 11.1
. =f{osc | 0.1 0.1} 0.8 12.4 | 4.8 77.6 .2 Jo.1 0.2 Jo.2 0.7 | 1.1 16.5
“ lavEr| 0.4 1.0 | 0.3 88 jo0.8 31.8 |1.3 4.3 1.2 0.6 [1.6 2.3 o9 8.1
o “limss| o2c - . 02 02c/06c| 06C 822;828 02¢ 82@;822 02c 028 | o02¢c  o02¢c | o2c 822;822
st loa1 0.3 1.3 } 0.1 0.2 1ot 0.2 fo.1 0.9 | o0.2
= * _ 0.1 0.1 0.1
R | Table II.3.2
;? Communications (degraded performance >20/ outages >200),
; " Figures in per cent of total time
B Month - four or five weeks, as indicated.
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ITI. IMPROVEMENTS AND MODIFICATIONS

III.1 The On-line System

There have been no major changes in the On-line System during this

reporting period.

I11.2 Event Processor

A new Fortran program has been developed on the CDC Cyber computer to

produce the NORSAR telex messages:and ARPA messages on paper tape.
Jan Fyen

I1T1.3 Array Instrumentation and Facilities

Array surplus material, 87 HS-10 short period seismometers, 44 Geotech
long period seismometers, 68 RA-5 and 12 Ithaco seismometer amplifiers
and 10 SLEM's were sent to the Defense Property Disposal Office in Germany

and to Columbia University, New York, as of 3 May 1979.

A seismic ampllfler with high and low gain outputs intended for the
Southern Norway Seismic Network has been constructed. All the 51tes have
been surveyed and all equipment has been acquired except for the central

computer.

The NORSAR Analog SP station recording device, the Helicorder, was
replaced with a Sprengnether MEQ-800-B recorder as of 15 August 1979
The frequency response is shown in Fig. III.3. .1 w1th the correspondlng

number in Table III. 3 1. Analog filter is NORSAR standard (upper 3 dB

p01nt at 4. 75 Hz).

,$he'cable drum stbragevat_L¢teniweSHClOSed down in August, endmali'the

cable drumS'haverBeen transported,pqithe NORSAR_Mainteﬁance Center.
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Fig. III.3.1 Frequency response of the NORSAR Anaiog SP station'és_of
15 August 1979. '
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Frequency - Recorder Deflection .. Magnification

(Hz) _ (mm)

0.2 3.0 300
0.33 : 6.9 - 1877
0.5 12.2 7618
0.625 15.3 14928
0.80 : 19.0 30372
0.95 ' - 20.0 45083
‘1.0 20.2 50453
1.25 20.4 79613
1.6 18.2 116372
2.0 15.3 185282
3.0 10.0 224791
4.0 7.0 279739
5.0 2.9 181082

Table III.3.1 ,
Magnification of NORSAR Analog SP Station
as of 15 August 1979 after the following equation:
3

S, G+I-10
M=aly, y= —_—
o 4r2efZem

‘where
‘a.. = pen peak-to-peak deflection in mm on'thefséismdgrmn
y —f equivalent grogn& mdtién in mié;qns | ‘ -
G - ~ Cal. coil motor constant 0.0325 NZA
I - -Calibration,éUr;gnt,in émps (400:QA)“
f -  Calibration frequency in Hz |
m. -  seismometer mass, ,825 Kgs.
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An experiment for monitoring seismic noise coherence for high frequencies
in a close clustered subarray in the 06C area has been initiated and

was nearly ready for operation at the end of September.

A.Kr. Nilsen

I1I1.4 SPS Substitution

The main contributor to the lowering of the Detection Processor uptime
is the malfunctioning of the SPS. It had earlier been decided to. resolve
this problem by replacing the SPS by a programmable minicomputer with

high reliability; However, the interfacing of today's technology with

IBM System 360 is by no means easy. The'minicomputer which most closely

can emulate the SPS functions is the MODCOMP II communiCation'processor.
Modcomp has the necessary equipment to communicate both with the SLEM's
and the System 360 hardware. A contract for the purchase of relevant
equipment was signed in June 1978, Since then, theblocal dealer of
Modcomp has had a number of problems, but the equipment was delivered atr

last in October/November 1978. During the installation we were faced

‘with the problem that Modcomp has all the hardware needed, but - the

software operating system did not support both the line communication
and the IBM interface simultaneously. In other words, the ordered system

could not fulfill its task without extensive software developments.

ConcUrrsntly, Modcomp - came up'with’suggestions'on how to circumvent the
problems'and'NORSAR_analyzed other minicomputer systems (inoluding IBM).

It turns out that Modcomp is: still the most appropriate computer to

replace the SPS in v1ew of 1ts flexible handllng of the SLEM communication

'task ‘The Modcomp MAX TII operating system, whlch supports the SLEM

communication, can in add1t10n interface System 360 by wideband synchronous

_communlcatlon through an IBM 2701 Synchronous Data Adapter Type II. Th1s o

would solve the 1nterface problems but would of course requlre the acqulsl—

tion of such a unit.

After these initial considerations, programming of the computer was started

and by the end of this reporting period transmitting ICW's and receiving

ODW's from the SLEM's had been achieved. The problems of synchronization'

. have been overcome, and the TOD task is fulfilled. iBM—interfacing will
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be started when NORSAR has the relevant equipment available.

Preparations for direct satellite communications to the SDAC hve been initi-

ated, and the programs currently being developed on the Modcomp are designed

to handle this application as well.

In detail the status of the SPS substitution is as follows:

A. Time-of-Day task is finished

B. SLEM-task is tested for one‘subarray. The simultaneous
transmission and receiving of data for 7 subarrays and definition
of ‘data buffers are in nrogress.

c. F11ter1ng and subarray beamforming will be implemented by NORSAR

' personnel This task is in progress.

D. Interfacing with IBM 360/40 will be tested when 2701 SDA II is
available. (Presently a 2701 Parallel Data Adapter is used for SPS
interfacing, but this type of interface cannot be used by MODCOMP.)

"Jan Fyen

III.5 Future NORSAR Data Processing Center

The IBM System 360 equipment at NORSAR represents the computer technology

of 15-20 years.ago, and we are now starting to feel some problems in

getting qualified service personnel and parts whenever external expertise

is required. In practice we have been reasonably successful in keeping

the Detectlon Processor running (except for SPS stops), since there are

'enough backup un1ts for tape drives and dlSkS. However, there is llttle .
f1ex1b111ty in the system and wanted changes like 1nterfac1ng new commun1cat1on
“systems, testlng new detectors and 1ncre351ng on-line disk capac1ty ‘are

extremely d1ff1cu1t to achleve.

For the research group the change in 1977 to onerator'serVice'during
worklng hours only has eff1c1ent1y removed almost all computer capac1ty
ava11ab1e. Most of the available t1me on the off line computer is used for

routrne event proce531ng,’reruns for EPX transm1531ons to the SDAC, data
,_:copylng and retentlon and array monltorlng functlons. Howaver, research

G bl uu~r@su FF are, st111 obtalned due»to the staff members tw1111ngness to work

..... nec. Lo the
_,,q "qr,4HE& 8,0 ght 1me and\weekends, ope at1ng the computers o th%fr own.

vt Tyey : .
RS 8 I [r vy 7y Tt a wnpord o _.‘ ﬂ, h‘)*’nl\r“' ’(zf“
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NORSAR has recently applied to NTNF for $400,000 to purchase an IBM 4331
processing system. We have reason to expect that the necessary funds

will be made available to NORSAR, and we will then have a modern mainframe
computer available for the research staff. Among the features of the
planned configuration we mention 1 megabyte memory, 2000 megabyte disk
storage (expandable to 9000 megabytes) and,seyeral interactive terminals

which should increase research productivity significantly,

We expect to have the new computer installed during the first half of

1980. It will then for ﬁost purposes replace our IBM S/360 Mod 40 Event
Processor. With the on-going substitution of the Modcomp Communications
Processor for the SPS interface, it seems an opportune time to also consider

‘the future status of the NORSAR IBM S/360 Mod 40 Detection Processor.

. Suggested Detection Processor Upgrade

. We consider that a reasonable approach would be to upgrade the'Modcomp
computer in such a way that this processor can accommodate all the current
functions of the NOSAR DP, plus a number of functions, specified below,

that could be implemented on an experimental basis as found required.

The upgrade could most easily be performed by expanding the current
Modcomp 1T proceSSOr,’e g., to a Modcomp Classic 7860 computer, in order
to take advantage of current software developments. The DP upgrade could

then as an example con51st of:

o CPU 512 K bytes, approx1mate1y 1 m111 1nstr. pr; second.
o On-line disk storage of 500 megabytes S EE
- Two tape drives 6250 bpi ,
7‘— - A graphic display station (to replace the EOC)

~.- =  .Interface equipment + console typewriter.

. The cost of such an upgrade has been estlmated at $250 000 The software
.development would be conducted by NORSAR personnel The time frame for _
"\complete software development should be on the order of 2’ years. The current

HNORS@R system w?uld run w1thout 51gn1f1cant extra downtlme durlng the soft-

nans dianae odi or oopn bsen gz d4j

',_hdg‘, ageidevelo ent per}od The nevw communlcatlon prototﬁl "t "SDAC could be

GaE “l} 06 15“‘ 1 Idx'l »i 15 STE
1mp1emented w1thout being- affected S1gn1f16antfy'by‘%hese{deye1opments._
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- Computer maintenance costs for the DP system, currently about $40,000

a year, would be. reduced to about -$15,000. Utility bills (electricity)

would also be reduced.
- Reliability of the DP system would be greatly enhanced.

- Sufficient on~line disk storage would exist to retain an on-line
buffer at any point in time—covéring , '
(i) The last recorded 24 hours of raw data (~ 250 megabytes)
- (ii) The last 6 months of EPX files (about 5000 EPX executions)
| (~ 40 megabytes) ' v
(iii)The last 1 year of detection files (~ 2 megabytes) 7
(iv) Complete raw data for the last 500'EPX executions {(approximately
14 days) (~ 140 megabytes).

Any of these data could be requested by SDAC on-line without any

operator intervention required at NORSAR.

- With the above dimensioniﬁg,bonly about half of the memory and 30
per cent of the CPU time would be required for the current on-line
functions. The spare capacity could be used in either of the following -
ways:
(i) Deploying additional beams, possibly with new filters, steered.
to areas of special interest '
(ii) ImplementingVexperimental on-line three—componeﬁt detection
‘ processing
"~ (iii)Testing other new detection algorithms in an on-line environment

(iv) Expanding and refining the on-line Event Processor (OEP)"algofithmé.

-  Employing a reébrding density of 6250 bpi would make possible 16 hours
of raw data per mégnetic tape. Thus, only about 500 magnetic tapes '
pef year would be generated,.and'permanent,yetention of aLl'recordéd

data would then be feasible.

- The new DP system would be interfaced to the off-line computer by
a communication link. Tape copying (and conversion from 6250 to 1600

bpi) would be performed 6ff—1ine.
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Time Frame

We consider that the initial steps toward a DP upgrade should be taken as

soon as possible, and we will continue to study this problem in detail.

F. Ringdal
J. Fyen
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Iv. FIELD MAINTENANCE ACTIVITY

The maintenance activity at the subarrays by the field technicians has
been fairly low in the period, indicating stable operation, and there
have been no major corrective or preventive projects duringrthis summér.
The array instrumentation characteristics are close to normal, -a few
examples are given in Figs. IV.1 to IV.3. Due to limited computer time,
the array'monitoring off-line analysis has at times been somewhat less

than scheduled.

Maintenance Visits

Table IV.1 shows the number of visits to the subarrays in the period,
with an average of 3.6 visits per subarray. This is a low number compared
with the same period last year (9.3 times). The visits include five

visits for communications maintenance.

Subarrays . 0lA 0l1B 02B 02C 03C 04C 06C Total

No. of Visits 4 5 3 4 0 3 6 25
Table IV.1

Number of visits to the NORSAR subarrays
in the period 1 April to 30 September 1979

B i i R e
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Preventive Maintenance Projects

The preventive maintenance work in the array is described in Table

IV.2. The adjustments are corrections of characteristics within the

tolerance limits.

Unit Action No. of
Actions
Seismometer MP adjust (in field) 7 10
Line Terminator Adjustment of DC offset SP 43
Amplifier _ " LP 1
- Adjustment of channel gain SP- 13
' LP 8
SLEM BB adjust ' 1
Emergency Power Battery and charger check 7

Preventive maintenance work in the period

Table IV.2

1 April to 30 September 1979
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Disclosed Malfunctions on Instrumentation and Electronics

Table IV.3 gives the number of accomplished adjustments and replacements

of field equipment in the array with the exception of those mentioned
in Table IV.2.

Unit Characteristics SP ' LP
' Repl. Adj.  Repl. Adj.

Seismometer MP (ih field) ' ] _ 9
FP ( 1 ) ’
MP/FP (At NDPC) | - 58
RCD o 1
Seism.:Ampi. . Distortion - 2 1
RAfS/Ithaco Cal, amp circuit - 1
Line Termination Channel gain 8 - 7 2
"Amplifier DCO . E 9
CMR 3 2
TC S ' 1
SLEM . Test generator 2 1
RSA/ADC » 3
BE protection card 4
_External Power Voltages ' R 1
Unit S
Table IV.3

‘Total number of required adjustments and replacements
in the NORSAR data channels and SLEM electronics
period 1 April to 30 September 1979

I e a4
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Array Status .

The status of the array instrumentation characteristics is close to
normal with little change from previous periods. As of 30 September
there is only one channel with out-of-tolerance conditions (02B LPZ).
A few examples of the SP characteristics are given in Figs. IV.1 -

IvV.3.

A.Kr. Nilsen
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Fig. IV.1l The spread of the damping ratio values of the NORSAR SP
seismometers as of 30 September 1979
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Fig. IV.3 The spread of the channel resolution'valﬁes of the
NORSAR SP channels as of 30 September 1979.
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ABBREVIATIONS
ADC - Analog~to-digital converter
BB - Broad band
CMR - Common que rejection
DC - Direct current
DCO - Direct current offset
FP - Free period 7 '
%_ LP - - Long period
MP - -Mass position
RCD - Remote centering device
RSA -  Range switching amplifier
'SLEM . - Seismic short and long period electronics module
SP - Short period' ; '

TC - - Time constant
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V. DOCUMENTATION DEVELOPED

V.1l Reports, Papers

Bungum, H., and J. Fyen, 1979: Hypocentral distribution, focal mechanisms
and tectonic implications of Fennoscandian seismicity 1954-1978,

Geol. Foren. Stockholm Forh., in press.

Gjgpystdal, H., 1979: Semiannual Technical Summary, 1 Oct 78 - 31 Mar 79,
NORSAR Sci. Rep. No. 2-78/79, NTNF/NORSAR KJeller.

L.B. Tronrud
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Vi. SUMMARY  OF SPECLAL TECHNTCAL REPORTS/PAPERS PREPARED

Vi.1 P and Lg Wave Attenuation within 15 Degrees in Selected Frequency

Bands in the 1-5 Hz Range using NORSAR Short Period Records

NORSAR short period data from 7 subarrays for explosions and earthquakes
within 15 degrees (Fig. VI.l.1l) have been analyzed to determine attenuation
characteristics and signal—-to-noise ratios for Prand Lg waves at various
ffequeneies. The earthquakes are either felt or classified as earthquakes
by varidus reporting agencies, end the explosions are associated with
refraction profiling investigations or reported mining/hydroelectrical

power plant activity.

Fig. VI.1.2 shows the logarithm of the Lg to P ratio for suBarray average
amplitude values as a function of epicentral distence for five frequeney
windows. It is found that'Lg:is generally larger than P up to about 10
degrees. However, the assessment of the full detection potential of '

the Lg phase is left for further study. Dominant frequency of P is almost
always higher than that of Lg, the differences being most pronounced
beyond 10 degrees. Typical dominant frequencies are 3-5 Hz or Higher

for P and 1-3 Hz for Lg. These points are illustrated in Fig. VI.1.3,
where records for two, subarrays are”shown for an explosion at a distance

of 11.7 degrees.

_Dlscrlmlnatlon on the basis of Lg to P amplltude ratio seems difficult.
,The explosions in our data base generate surprlslngly large Lg waves,
and no clear. separatlon between P to Lg amplltude ratlos for earthquakes
on one ‘gide and exp1031ons on the other can be found in any of the f1ve

frequency bands.

The data base is presently beingeextended and also events in or near the
U.K. are considered. This allows a study of Lg propégetion characteristics
also outside Fennoscandia, and the conclusion so far is that prbpagation'
eff1c1ency is far less for paths 1nc1ud1ng substantial parts of the North
Sea. This- observatlon is related to.the exlstence of sedlments exh1b1t1ng
lfstrong lateral heterogenelty, which is known to cause 1arge attenuatlon

of Lg phases. -

- S. Mykkeltveit
F. Ringdal
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VI.2 Analysis of Global P-wave Attenuation Characteristics using

ISC Data Files

A study has been undertaken to derive the global attenuation characteristics
of P-waves based upon data files from the International Seismological
Centre (ISC). The main motivation behind the study has been the failure
of commonly accepted attenuation relations to provide good magnitude »
estimates at epicentral distances below 20 degrees. In fact, u51ng the
Gutenberg and Richter (1956) or Veith and Clawson (1972) amplltude—
distance curves at close distances usually leads to an overestimation '
of earthquake magnitudes1(mb), sometimee'by a fuil magnitude unit or more;

relative to teleseismically derived m estimates.

Fordthe study presented here, 136 .globally distributed seismograph 7
stations were selected. Most of these were WWSSN stations, and all of
‘them are stations with fairly consistent reporting of amplitudes and
periods of P-phases of detected seismic events. Altogether 6 years of
data (1971-76) were included in the data base, giving a total of about
214,000 log A/T observations in the distance range 0-90°. |

" The observed values of log A/T - mb(ISC) are plotted versus epicenttal
distance in Fig. VI.2.1, and compared to the Veith-Clawson (1972) end
Gutenberg_and Richter (1956) relationships, In the plot all data within
each 1 degree interval have been averaged to'obtain a fairly smooth

curve, The following major points may be noted:

- a) Below 20 degrees the obserﬁed averages generally lie at least O. 5.mb
_ units hlgher than the conventional correction factors, ‘thus conflrmlng

“the b1as effects mentloned earlier.
b) Althdugh’there is a 1BCa1 maXimum between 15 and 20 degrees, :this

is not by far as pronounced as indicated in- the conventlonal attenuatlon

relations.

We also did some studies to investigate the effects of possible error

sources in the data base, and preliminary conclusions are as follows:

1. Possibie IsC m bias at low or high magnitudes. We first note that
all ISC m values. are based on statlons only at epicentral d1stances

- at least 20 degrees, so that the bias effects at closer dlstances
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. should be relatively small. Nonetheless, we compared, for one year,

the attenuation curves obtained using ISC and NORSAR reference m
respectively. As shown in Fig. VI.2.2, the resulting effect is only
a baseline shift (independent of distance), thus this problem would

not cause a change in the shape of the attenuation relationship.

2. -~ Effects of instrument_saturation_and 'clipping'. This is potentially

a Seriousrprqblem, since, for large events, it may result in close-
in stations reporting too low magnitudes. To investigate this, we

subdivided all reference events into magnitude bins of 0.5 m units,
‘and plotted the resulting curves separately as shown in Fig. VI.2.3.
It is seen that thére are indeed significant differences,_although the
main conclusions a)'énd b) remain unaltered: However, this problem

will be subjected to further investigation.

:There'may also be other sources of bias effects, such as the lack of con-

sistency in station reporfs and possible effects of frequency-dependent
attenuation, but we have ‘at this'stage little possibility to investigate
these further. Ouf main conclusion is that the conventionally used P-wave
attenuation relationships should be revised for short distances, and we
believe that this study will prov1de a useful flrst step for such a

rev151on.

F. Ringdal
J. Fyen .

:éutenberg, B., and'C F -Riéhter, 1956: Magnitude and energy of earthquakes,

Ann. Geofisica 9, 1-15.

' Ve1th K. F., and G.E. Clawson, 1972: Magnltude from short—perlod P-wave

data, Bull Selsm. Soc. Amer. 62 435 452.
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VI.3 Classification of Regional Events

Special interest has in this period been focused on the problem related

to the'diserimination potential of the near-field observations of seismic
events. The capabilities of the NORSAR array to detect and locate events
at distances smaller than the conventional teleseismic distances has

been undertaken and intensive werk is now going on upgrading the detection
capabilities at regional distances. In this context a preliminary analysis
has been initiated to consider the array's capabilities of discriminating

between earthquakes and explosions based on events reported at distances

‘smaller than the teleseismic boundaries. A data base of 90 events of

which 43 were presumed explosions and the remaining 47 were presumed
eerthquakes, ell'with_a distance range covering from 10 to 40 degrees,
were selected.frOm.the data library at NORSAR. The presumed explosions
population was malnly located in western or southwestern Russia, while
the presumed earthquakes were dominantly restricted to the Medlterranean
area and eastwards towards Pakistan. Though it has recently become more

popular to include additional near-field phases like the Lg into the

- discrimination schéme, we have exclusively restricted ourselves to the-

P—phase observations for our discriminant. The basis for the discriminant

is found in the power spectrum of the P phase observations at the different
instruments in the array and the energy distribution as a function of time

after initial onset. The idea is to assemble optimally all available

information in the spectrum in a restricted number of parameters and

_sﬁbéequently design a discriminant which wiil in_.an optimal way separate
out the maJor dlfference in the 1nformat10n contalned in the two populatlons
'(earthquake or explos1on), if there is any 51gn1f1cant d1fference at

‘all: The dlscrlmlnant to be con51dered here 1s 1dent1ca1 to the one

1ntroduced by Sandv1n and TJ¢sthe1m (1978), except that the flrst step
_where the initial parameter extraction is performed 1s technlcally
dlfferent but essentlally contains the same 1nformat10n, i.e., the -
reproductlon of the power spectrum. The philosophy of the dlscrlmlnater
is based on statistical classification where each data vector which is
input to the discriminant is treated within a statistical framework and
a distributionris fitted to the data vector belonging to each of the

populations. (For references, see Sandvin and Tj¢stheim, 1978)3
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It is surprising that even at frequencies close to the low-pass cut-off
frequency installed at the seismometers a considerable portion of energy
is observed at some NORSAR registrations from Russian explosions even as
far away as Eastern Kazakhstan. It is consequently desirable to have an
estimate of the energy distribution over a wide frequency range. The
techniques we have adopted for estimating the energy-distribution is
simply to apply a series of bandpass filtering with increasing center-—
frequencies. In this study five bandﬁass filters were applied with
increasing center—frequency. A constant bandwith of 0.8 Hz was selected,
starting with the frequency band 0.6-1.4 Hz and ending with the frequency
baﬁd:3.8-4.6 Hz. A filtered section of the complete 42 traces is demon-
strated for an explosion from Western Russia with a distance of A=15.6°
in Fig. VI.3.1. The single traces are divided into three subsecfions;
one section contains the noise preceding the signal for an insﬁant
indication of the varying ﬁoise level; one subsection consists of the P
phase itself; and finally the last subsection'consiéts of the coda
observations. The coda traces were included due to previous indications
that tﬁe coda observations contain valuable information for discrimina-

tion purposes.

. As dempnstratedrby King &'Caicagnile (1976) a rapid change in velocity

" occurs at a depth of about 420 km in continental Rﬁssia resulting in

| a pronounced later arrival in the approximate distance rangé-21°§A§330.
This feature causes additional complications intottﬁe-compléxiéy oti
the”P'érfivals and the P phase,SubseCtion'waé consequently divided into

two sections one containing the first P oﬁéet andfthé:secOnd the later
.arrival. This leaves us with four subsections. For each‘frequency band -

énd'each'subsection a parameter A was estimated, given by
A = 20 log (max. amplitude)

-which represents an estimate of the energy restricted to that subsection
and that frequency band. The energy estimate of the noise section was
" subtracted from the tgmdiningjthreeVSubsectionsrto compensate for the

noise-level variation.
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From the trace with the maximum signal-to-noise ratio, the parameters
from ‘the three signal subsections were selected for each frequency band
resulting in 3 x 6 = 18 parameters. In addition the average value
(averaged ovef all 42 instruments) of the same parametérs were added
resulting in a total of 18 + 18 = 36 parameters from each event. These
‘parameters finally enter the discriminant and from this point on the
proéedure is identical to the one described by Sandvin and Tj¢stheim
(1978). The number of parameters is sigﬁificantly feduced by a principal-
component ‘analysis and the classification rule is finally based on the
reduced‘data vector. Each event is tested against the remaining events

and assigned to the population with the highest claésification score.

A histogram presentation of the final discrimination score is depicted
in Fig. VI.3.2. From this figure it may be inferred that of the total
déta Base of 90 events included, 4 earthquakes and 2 explosions were
misclassified. This is a result that is comparable with discrimination

‘performed on a data base consisting of teleseismic events.

0.A. Sandvin
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Fig. VI.3.1

BEF 2.0-1:8 10HZ XD

BEP 3846 1HZ 3D

=4.5 and epicentral distance

Eﬁergy'distribufion as function of freqﬁency for presumed ex-
'plos1on from western Russia with

. A=15.6°. For each NORSAR SP 1nstrument, ‘the flgure displays.

"an unfiltered trace and five bandpass filtered traces. The
- number ‘in front of each trace represents amplltudes in dB
f_'relatlve to. 1 quantum un1t.- : .
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VI.4 An Experimental Small Subarray within the NORSAR Array

One of the principles governing the design of the NORSAR array was that
distances between instruments should be so that ordinary beamforming
should give near to optimum gain in SNR for teleseismic events, which
means that the distances should be large enough to give a low noise

coherency (at around 1 Hz) and small enough to maintain a high signal

~ coherency. This resulted in distances within each subarray of about 3 km,

and it was soon discovered that this gave very low signal coherencies

for regional and local events. An interesting consequence of this is that
the 1ncoherent' or envelope beamforming principle, which. has been developed
and implemented in the NORSAR online proce551ng system as a means to
overcome the incoherency between subarrays (Ringdal et al, 1974), might

be applied with favorable results also within subarrays.

With the recent increased interest for regional and local events in

a discrimination context, it was decided to implement, for experimental
purposes and for a limited time period, a test subarray with very small
station distances. The subarray became operational on 12 October 1979,

and it consists of 6 seismometers as shown in Fig. VI.4.1, with station

.distances.from 125 to 2051 meters. A change from 5 to 8 Hz lowpass filters

was implemented on 23 October 1979.

Using these new data, we have started an enelyzing program both on noise
and signal characteristics. In Table VI.4.1 we give noise coherency .
values for four frequencies at one octave difference (0.5, 1;0,'2;0 and

4.0 Hz), and in order of increasing station distances. The results

for the two middle frequencies are also plotted in'Fig. VI.4.2, and

coherency and phase vs. frequency for one particular combination

is shown in Fig. VI.4.3. The block-averaging method of direct spectral

' estimation has been used, with 20 blocks each of 512 samples of 20 Hz
:,data,'amountlng to a total of 8.53 mlnutes With that much data the

bias is relatively small, so that we expect 907 of the uncorrelated values

(observed ‘coherence for true zero coherence) to fell in the range 0.05

to 0'35'(Amos & Koopmans, 1963) . Moreover, a frequency smOOthing has

-also- been app11ed by averaglng the output values into three estlmates

per octave.
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The noise results show that the coherency (note that we use the so-
called "root coherence') for 0.5 Hz is maintained above the random
level out to distances of about 2.3 km, fcr 1.0 Hz to 1.3 km, for 2.0 Hz
to 0.7 km and for 4.0 Hz to gbout 0.4 km. Those values follow quite

closely the regression

log A = 0.11 - 0.83 log £

where A is distance in km and f is frequency in Hz. Of course, it is

not known to which extent this formula will apply for frequencics

‘outside the range 0.5-4.0 Hz,.but it is known that the derived coef-

ficients will not necessarily be valid at other times. The latter point
is an effect of the large time variations expected in the levél,
propaéating characteristies, and coherency of the seismic noise (cf.
Bungum et al, 1971). A preiiminary frequency—wévenumber analysis of

our new data indicates that there is a significant amount of propagating

noise at frequencies at least up to 1.0 Hz, with phasé velocities

»in the order of 4=5 km/s.

We have also started investigations of signél characteristics across

the new subarray, and Fig. VI.4.4 shows the Lg waves from an event .about '
200 km away (17 October 1979, 09.58 GMT, 60.3°N, 7.5°E). While signal
coherencies for Lg waves previously have been very low for the distances

in the ordinary NORSAR geometry, we see now that the signal similarities

in the first few cycles are quite high, and especially so for the two 7
closest channels, 2 and 6. For the Lg coda the coherence seems to be main-
tained at a reasonably high level oniy out to distances of about 400-600 m.
The signal frequency is around 3 Hz, and at this frequency the noise

coherency is close to random also at 500 m, which indicates that this may

be a critical distance for 'coherent' processing of Lg waves. Computed

coherencies for the waves in Fig. VI.4.4 are shown in Fig. VI.4.5, where

' the average coherence between all chanrnel combinétionsris plotted. With

~ the preSent large variation-of distances (cf. Table VI.4.l) the standard

deviation is also quite large, and it is only in the frequency range from

' abcut 1.5 to 3.0 Hz that the coherency is kept..well above the random

level, which in this case is much-higher than for: the noise analygis.

AT
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This work will now proceed with more detailed and thorough investigations
of both signal and noise characteristics. It is possible that the array
will be extended from 6 to 11 seismometers, all within the old subarray

06C.

H. Bungum -
S. Mykkeltveit
0.A. Sandvin
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Pair Distance Noise Coherency
' (m) 0.5 Hz 1.0 Hz 2.0 Hz 4.0 Hz
2-6 125 1.00 .99 .96 .86
1-2 303 .98 .96 .72 .54
1-6 408 .95 .91 .54 Al
3-4 603 .88 .86 .32 .26
1-4 724 .92 77 .35 .25
2-3 750 .88 74 .38 .32
3-6 809 .89 .71 .34 .30
2-4 827 .90 .70 .25 .27
1-3 875 .80 71 .30 .25
-6 945 .87 .64 .27 .30
1-5 1180 .79 41 .29 .32
2-5 1400 .68 .36 .29 .25
5-6 1432 .64 .35 .29 .27
4=5 1730 .59 .25 .27 . .23
3-5 .36 .25 27 .24

e~

Table VI.4.1
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Geometry of the new experimental small subarray inside the
old subarray 06C. The data are transmitted over the old.
lines from 06C, with station 2 being unchanged. The old
stations 1, 3, 4, 5 and 6 are for the time being not

- giving data.
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Fig. VI.4.2

Distance (km)

Noise coherency vs distance for 1.0 Hz (circles) and 2.0 Hz

(triangles). The estimates are obtained from 8.5 minutes of

20 Hz data, with 40 degrees of freedom, and an additiomal
frequency smoothing has been applied by averaging over a
frequency band of + 0.17 octaves.
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. NORSAR EXPERIMENTAL SMALL SUBRRRAY

NORESS

180 |-
120 —
60 [~
o —
& a8 o of
g 9 =
Y @ [
4 O o
Z 60
w o ()
=z
e & W oo
[ R
’ T-120
L )
e .
G .8 -180 -
g 8
) .
o %) 1] ] Illllll 1 l-llIIIII i 1 1 1181
w0
('% ) FREQUENCY Ot 1.0
o £ .
- | . -
o T 1.0 e Ty
S 2 '
=z
=
N 0.8 —
S =
Q =
oW
o 0.6
uy [
T o Q
E D 2.l
o o2 « Ou4 -
W il
288
2 0.2
o
=}
et
oL 0.0+
Wi
a
-
v -
=
= "
73}

Fig. VI.4.3

Noise coherencies and phase lags vs frequency for
channel combinations 1-2, with 303 m separation.

The results in Table VI.4.l and in Fig. VI.4.2 are
taken from such calculations for all possible channel
combinations, only with an extra frequency smoothing.
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Fig. VI.4.4 Lg waves from a local event 200 km away (see main text).
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‘Fig. V1.4.5 Signal coherency for the data in Fig. VI.4.4. The length
‘of the time window was 10 sec and the maximum lag in

cross—correlation 15%, corresponding to about 6 degrees
of freedom.
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VI.5 NORSAR Short Period Recording of Explosions during the

'Fennoscandia Long Range Profile 1979' ('Fennolora') Seismic

Experiment

During the Fennolora experiment in August 1979 charges ranging from 700

to 8000 kg of TNT were fired at the locations indicated in Fig. VI.5.1.

This figure also shows the main profile line for deployment of mobile

seismic stations. Information on shotpoint coordinates, charge sizes and
actual shottimes has been provided by the Fennolora operations group.
NORSAR records including all short period data for a 20 min interval
following the communicated origin time for each shot are available

on separate stack tapes.

A screening of the records shows that shots at points b, ¢, d, e, f and 1
in Scéndinavia, PUl in Poland and PU3 in the USSR are well recorded at
NORSAR. Shots at position h (up to 1800 kg) are marginal, while even a
3-ton shot at g is nondetectable at NORSAR. No signal is found from shots
at W (700 kg), BW (700 kg), S (800 kg), PU27(25007kg) and PU4 (4000 kg).

“Fig. VI.5.2 shows the NORSAR records for a 2-ton shot at location c.

The individual seismograms are arranged according to the actual shot-
point-sensor distance, so that nearby seismograms do not necessarily
represent records at ﬁearby stations. Still, a reasonable station-to-
station correlation seems to be maintained for two distinct phases.
Altqgether, the NORSAR recor&s cover the disténﬁe intervals 315-375 km
(shotpoint d), 360-420 km (shotpoint e), 415-485 km (shotpoint c), 585~
650 km (shotpoint b), 630-695 km (shotpoint £), 855-930 km (shotpoint PU1),
1335-1395 km (shotpoint i) and 1415-1490 km (shotpoint PU3).

-S. Mykkeltveit
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Shotpoint locations for the 'Fennoscandia Long Range
Profile 1979'. The profile line for deployment of
mobile seismic stations is indicated.
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