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Abstract (cont.)

The NORSAR Dectection Processing System has buen operated throughout
the reporting period with an average uptime of 98.2 per cent. A total
of 1958 seismic events has been reported in the NORSAR monthly seismic
bulletin. The performance of the continuous alarm system and the
automatic bulletin transfer by telex to AFTAC has been satisfactory.
Processing of requests for full NORSAR/NORESS data on magnetic tapes
has progressed according to established schedules.

The sateslite link for transmitting NORESS data in real time to the
U.S. has had an average uptime of 99.3 per cent. On-line NORESS
detection processing .and data recording at the NORSAR Data Center
(NDPC) has been conducted throughout the period, with an average
uptime of 97.8 jper cent.

The ARCESS array ctarted operation in mid-October 1987, and the data
were initially recorded and processed at NDPC using a Sun 2-based
computer svstem. In fay/June 1988, this system experienced significant
hardware problems, and the time schedule for the planned change to a
Sun 3 system was thervefore ccelerated. The changeover was successfuliv
completed in early July. Average recording time for ARCESS was /77.2%
for the totul reportiing period, snad 91 per cent when disregarding the
Hay June period

fic:d maintenance activitvy has included regular preventive maintenance
av all array sites and occasional corrective actions when required. 1n
persicular, much work has been conducted at the ARCESS array site,
including installation of a new Glebal Positioning System synchronized
clock in coopevatrion with Sandia persounel and removal ot the KS$-36007
borehole seismometer ror repair. The NORSAR and NORESS [ield systems
performed entirciy satistactorilv threnpghout the reporting period.

A considerable eifort has been expended in upgrading the on-line and
oif-line detection/evint processing software which is being developed
at NORSAR for general array applications. The program systems have hecr
tested on data from NORSAR, NORESS, ARCESS, FINESA aud Crafenberg, and
the implementation will be c¢oordinated with the Intelligent Arvay
Svstem developrents,

* A study of Lg spectra of NORSAR-recorded explesions from the Shagan
River test arca near Semipailalinst, USSR, has shown that the main
encrgy in the Ly wavetrain is confined to the frequency range 0.6-
1.0 Hz. There is some cvidence of source size scaling etfects (i.c..
Tower dominant Ly freauency for larger events), but the variation is
small snd appears to be of lirtle sipmificance in RMS Lg magnitude

UWCTLASSTFIED
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estimation. The Lg spectra show no significant differences for events
from the two portions of the test site (NE Shagan and SW Shagan). On
the other hand, the spectral difference between early P coda and Lg is
larger for SW events than for NE events, and this holds true in the
entire frequency band 0.6-3.0 Hz.

An analysis has been made of statistics on P, PcP, PKP and PKKP travel
time residuals with respect to the isotropic PREM earth model using ISC
bulletin data for the years 1$64-1984 as well as other data sources.
The scatter in the residuals is significantly greater for shallow
events than for deep events. For P phases at distances less than 65°
this increased scatter reflects increases in number of "early" as well
as "late" arrivals, whereas for more distant P phases and other phases
the increase in scatter is dominated by a larger number of late
arrivals. The statistics further show that after applying the isotropic
PREM model there is still a significant mean residual left in the data,
and this is particularly pronounced for core phases.

~

The coupling mode technique for modelling surface wave propdgaition in
2-D structures presented in previous Semiannual Technical Summaries has
been applied to a model of the North Sea Graben. The purpose has been
to examine how a large-scale and very strong lateral variation of the
crustal structure affects the propagation of the stort-period surface
wavetrains.\Our continued work has confirmed the con.lusions given in
earlier reports. Thus, our numerical modelling of Lg wave propagation
in a simplified model of the North Sea Central Graben does not predict
the severe attenuation of the wavetrain actually observed in this
region. On the contrary, the Lg wavetrain appears very robust when
crossing a zone where its waveguide is strongly deformed. Since the
large-scale geometry of the Graben fails to explain the observed data,
it is suggested that future work explore alternative explanations for
the observed attenuation, such as scattering by 2D or 3D basaltic
intrusions in the lower crust, extensive faulting associated with
intra-fault weak material, or more rheological aspects of this problem.

A detailed analysis has been made of the recent (August 8, 1988)
earthquake offshore Norway, which was recorded at NORSAR, NORESS,
ARCESS as well as g -largeé number of stations at regional and tele-
seismic distances 9This earthquake is the largest in the region for at
least 30 years, with an estimated mp = 5.2. Our focal mechanism
solution indicates thrust faulting along a NNE-SSW striking fault
plane, in response to E-W compressional stress. The seismic moment has
been estimated at 1017 Nm, with indications of scaling consistent with
an w-square source model. A major source of uncertainty in this
analysis is tied to the lack of accurate knowledge of the anelastic
attenuation.

UNCLASSIFIED
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In cooperation with the University of Helsinki, an analysis has been
conducted of events recorded by the three regional arrays in Fenno-
scandia (NORESS, ARCESS, FINESA). The latter array has been recon-
figured to closely resemble the subgeometry of NORESS and ARCESS
obtained when excluding the D-ring. As a first part of this study, the
detection capabilities of the upgraded FINESA configuration, using the
RONAPP algorithm, was investigated. The results were excellent, in that
98 out of 103 reference events (listed in the Helsinki bulletin) had at
least one detected P or S phase at FINESA. Many additional events were
also detected. The second part of the study has addressed the location
capabilities of the three-array network, again using the Helsinki
bulletin as a reference for comparison. On the average, joint three-
array locations deviate from the reference location by only 16 km,
whereas comparable deviations using one or two arrays for location
purposes were 68 and 26 km, respectively. Since the arrival times used
were those determined automatically by on-line processing, there are
clear possibilities for further improvements in multi-array location
accuracy. This could be achieved both through more accurate readings,
introduction of more detailed regionalized travel-time tables and
application of master-event location techniques.

As a continuation of earlier studies on Lg magnitudes and yield
estimation of Semipalatinsk explosions, we have now completed the
aualyvsis of all available Grafenberg Lg recordings of large Shagan
River explosions. Because of the varying number of channels available
and the relatively large systematic variations in Lg amplitudes across
the array, we have used station correction terms for individual
channels when computing average magnitudes. The resulting values show
excellent correspondence with NORSAR Lg, with the standard deviation of
magnitude differences between the two arrays being about 0.03 units for
well-recorded events (more than 5 of the 13 GRF channels available). We
have also investigated the effcct of applying individual instrument
correction terms to NORSAR Lg data and have found the effects to be
modest. A study comparing joint NORSAR/Grdfenberg Lg magnitudes to
maximum-likelihood my based on ISC deta has confirmed the pattern
previously observed, i.e., a low P-Lg bilas for NE Shagan in comparison
to SW Shagan. The JVE explosion of 14 September 1988 had a P-Lg bias
close to the average for the SW Shagan event set. This explosion was
estimated at m(Lg) = 5.97 at both NORSAR and Grafenberg.

UNCLASSIFIED
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I. SUMMARY

This Final Technical Summary describes the operation, maintenance &and
research activities at the Norwegian Seismic Array (NORSAR), Norwegian
Regional Seismic Array (NORESS) and the Arctic Regional Seismic Array
(ARCESS) for the period 1 April - 30 September 1988.

The NORSAR Detection Processing System has been operated throughout the
reporting period with an average uptime of 98.2 per cent. A total of
1968 seismic events have been reported in the NORSAR monthly seismic
bulletin. The performance of the continuous alarm system and the
automatic bulletin transfer by telex to AFTAC has been satisfactory.
Processing of requests for full NORSAR/NORESS data on magnetic tapes

has progressed according to established schedules.

The satellite link for transmitting NORESS data in real time to the
U.S. has had an average uptime of 99.3 per cent. On-line NORESS
detection processing and data recording at the NORSAR Data Center
(NDPC) has been conducted throughout the period, with an average uptime

of 97.8 per cent.

The ARCESS array started operation in mid-October 1987, and the dat.
wera ipitiallv recorded ~nd procecsed at NDPC using a Sun 2-based
computer system. In May/June 1988, this system expericunced significant
hardware problems, and the time schedule for the planned change to a
Sun 3 system was therefore accelerated. The changeover was successfully
completed in early July. Averzge recording time for ARCFSS was 77.2%
for the total reporting period, and 91 per cent when disrvegarding ti.

May/June period.

Field maintenance activity has included regular preventive maintenance
at all array sites and occasional corrective actions when required. In
particular, much work has been conducted at the ARCESS array site,
including installation of a new Global Positioning System (GPS)
synchronized clock in cooperation with Sandia engineers and removal ot

the KS-36000 borehole seismometer for repair. The NORSAR and NCRESS



field systems performed entirely satisfactorily throughout the

reporting period.

A considerable effort has been expended in upgrading the on-line and
off-line detection/event processing software which is being developed
at NORSAR for general array applications. The program systems have been
tested on data from NORSAR, NORESS, ARCESS, FINESA and Grafenberg, and
the implementation will be coordinated with the Intelligent Array

System developments.

The research activity is summarized in Section VII. Section VIT.1

gives results from analysis of P coda and Lg spectra of Shagan River
axplosions recorded at NORSAR and NORESS. Statistics of ISC travel tim.
residuals in comparison to the PREM model are presented in Section
VIT.2. Section VI1.3 reports on modelling of Lg-wave propagation across
thic Central Craben of the North Sea, while observed ground motions and
inferred source parameters for the August 8, 1988, Mere Basin earth
juake are discussed in Section VIT.4. An analvsis of repional seismic
events using the NORESS/ARCESS/FINESA arravs is presented in Section

VI

.3, In Section VII.6 results of a comparative analysis of NORSAR a:nd

Gratenberg Lg mapnitudes tor Shayan River explosions ave given,




1T, NORSAR ""%RATION

f1.1 Detection Processor (DP) Operation

There have been 54 breaks in the otherwise continuous operation of the
NORSAR online system within the current 6 month reporting interval. The
uptime percentage for the period is 98.?7 as compared to 36.9 far the

previous period.
Fig. TII.1.1 and the accompanying Table 11.1.]1 bhoth slhow the daily DP
downtime for the days between 1 April and 30 septenber 1988. The

monthly recording times and percentages are given in Table 11.1.2.

The breaks can be grouped s follows:

G Hurdware failure

b Stops related to program work or error g

o Hardware mointenance stop: !

d ffower jumps and breaks O

e) TUD error correction {

. Communication lines 2

The total downtime tor the period was 80 hours and .+ mirtes. The mearn-

time-between-failures (MIBF) was 3.3 duve. s compared to 15 4o the

previous period.
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LiST OF BREAKS IN DP PROCESSING THE LAST HALF-YEAR
GAY START STOP COMMENTS. . ......... DAY START STOP COMMENTS oo v enve
93 9 56 9 57 LINE FAILURE 202 0 0 8 34 MODCOMP FAILURE
54 6 1 6 2 1INE FAILURE 217 9 50 9 51 LINE FAILURE
gg g é g % EQSEREI?EESE20MS 218 2 33 3 31 POWER FAILURE
221 6 2 6 3 ‘
93 E 57 5 58 LINE FAILURE 228 9 29 9 30 E?BEREE??‘E]&EAGFS
101 19 57 19 58 LINE FAILURE 229 13 30 17 50 POWER FAILURE
104 6 1 6 2 TOD RETARED 10M5 231 3 33 5 34 LINE PAILURE
104 9 10 9 13 LINE FAILURE 232 7 10 b 12 LINE FAILURE
111 [3 1 6 2 TOD RETARED 17MS 234 10 2 10 16 LINE FAILURE
118 11 3 11 10 TOD RETARED 10MS 235 6 18 6 20 LINE FAILURE
122 14 40 14 43 LINE FAILURE 235 11 25 11 §2 LINE FAILURE
126 8 40 -] 41 TOD RETARED 20MS 235 12 3 12 4 LINE FAILURE
130 1 19 7 21 LINE FAILURE 236 6 0 6 3 TOD RETARED 125
130 8 26 8 27 LINE FAILURE 236 13 28 13 31 LINE PAILURE
132 8 29 8 30 LINE FAILURE 238 13 20 13 21 LINE FAILURE
139 7 Y 7 1 LINE FAILURE 238 15 44 15 45 LINE FAILURE
140 5 12 S 16 LINE FAILURE 239 8 30 § 31 LINE FAILURE
141 [] 1 [ 2 TOD RETARED 10M3 214 6 2 6 3 TOD RETARED 15XS
142 14 28 14 31 LINE FAILURE 250 S 1 o 2 TOD RETARED 16¥S
145 6 ! 6 2 TOD RETARED 12MS 159 N 1 6 > TOD RETARED 22MS
149 11 14 11 23 MODCOMP FAILURE Ay P ) 7 5 TOD RETARED 14MS
1s0 16 26 18 S1 POWER FAILURE -
185 14 0 15 5 MODCOMP FAILURD
199 3 20 8 40 DISK FATLURE
128 9 12 9 13 LINE FAILURL
16" 13 4 24 0 2701 FAILUKL
158 0 0 13 30 2701 FAILURE
i69 4 24 19 44 2701 FAILURE
172 6 20 12 48 2701 FAILURE
193 1 56 6 47 POWER FAILUREL
186 6 i 6 2 TOD RETARED 13 X!
188 729 7 48 CE MAINTENANCE 270
195 6 21 6 22 TOD RETARED 21iM:u
15T 18 30 20 7 POWER FAILURE
261 16 30 17 30 POWER FAILURE
20 L7 30 24 0 MODCOMP FAILURE

Table I1.1.1. i e B o , ‘
Toss Daily DP downtime in the period I april - 40 September




G e ) e g

—,— e -

P e - = —

Month DP Upth;

hours %
APR 88 719.41 99 .
MAY 741.08 9y |
JUN 672.20 93,
JUL 721.C7 a6 .
ANG 137 .40 LR
SEP 71y .87 100,

* Mean-time-betwveen-failures --

Table 11.1.2.

DP Uptime No. of DP  No. of Days DP MTBF+

9

6

nline system performance,

Breaks with Breaks (days)
10 9 2.8
12 11 2.4

6 6 4.0
6 7 4.3
17 132 1.7
3 y 7.5

total uptime/no. of up intervals.

] April - 30 September 1988



11.2 Array communications

Table 11.2.2 reflects the performance of the system through the
reporting period. All the subarrays except 0lA have been affected by
occasional communication outages. Problems encountered have connection
with bad communication cables in the ground and on poles, lack of power
and carrier system outages. Also other irregularities have contributed
to errors and shorter outages, such as failing CTV equipment like

modems and SLEMS.

In addition, there were problems with 02B (tclemetry) antennas caused

by heavy snowfall. The antennas were repaired in April.

April (weeks 9-13), 4.4 - 1.5.88
02B was still out of operation, although NTA/Hamar declared the line
operational 13 April. Danger of snowslides prevented the power plant

preople from repairing the broken power line.

02B (telemetry) is not dependent upon external power (supplied by

solar cells), and resumed operation (partly) with channels 23, 24, 2%
and 27 active. Channel 26 and 28 were "dead" but the NMC staff repaired
the antennas (14, 15 and 25 April) related to these channels. The

antennas had been broken after heavy snowfalls in the area.
06C was affected by a power outage week 15.
The performance of the remaining NORSAR communicatious svstems was most

satisfactory.

May (weeks 18-22), 2.5 - 5.6.88

02B remained down also in May, and 06C had its modem/SLEM checked and
tested.

The remaining communications system was almost ‘ree from cirors.




T

June (weeks 23-26), 6.6 - 3.7.88
02B resumed operation week 25 after having been down since November

1987.

All communications systems were affected for about 1 hour 20 June in
connection with a broken coaxial cable at Kjeller, which among other
things carried the NORSAR subarrays and NORESS. 01A and OlB resumed
operation after a couple of hours, while 02C-04C were operational a tew

hours later in the afternoon, 06C the next morning.

On 15 June the IBM 2701 communications adapter failed. This machine
interfaces the Modcomp to the IBM 4341 via two highspeed modems. On 20
June the source of the failure was identified and the problem cor-
rected., In the meantime, the Modcomp had to be stopped/started each
time a card in the 2701 was replaced, or other actions implemented as

part of the fault-finding procedure.

apart from the interruptions mentioned above, the communications

svsteoms were reliable in June.

July (weeks 27-30), 4 - 31.7.88

Alsu throughout this period the systems performance was most satisfac-
tory. An exception was 02B where NTA/Hamar found the line toward the
CTV had failed and 06C which had line problems in connection with

lightning.

August (weeks 31-35), 1.8 - 4.9.88
The NTA coaxial carrier cable was broken 19 August causing significant
problems weeks 32 and 34. All subarrays were aftected (01A for a very

short period).

1P, which had been down since 15 July due to a bad cable was back in

operation ] September.
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The remaining systems (except for 02B, 03C) were back in operation 22

August.

02B, 03C resumed operation later due to a SLEM-failure (02B) and a
cable problem (03C).

September (weeks 36-39), 5.9 - 2.10.88

Generally satisfactory performance, in spite of problems such as a
damaged cable after lightning (02B) between 30 September and 4 October,
carrier system outages affecting 03C, 04C 25 September, and between 30

September and 1 October.

06C was affected totally 85.71 minutes weeks 37 and 38.

0.A. Hansen




Suh-  APR (4)  MAY (5) JUN (&) JUL (4) AUG (5)  SEP i4) AVERAGE
ariav . 4.4-1.5) (2.5-5.6) (6.6-3.7) (4-31.7) (1.8-5.9) (5.9-2.10) 1/2 YEAR
C1A 0.02 5.003 0.16 0.02 0.01 0.04 0.0/
AN G.02 0.001 0.15 %58.93 %89 .64 0.02 7) 003
0oB ELUG .00 £100.00 *59 .83 0.03 2) 0,02 ©) 0.05 8) 0.03
g "L 02 0,002 0.15 0.02 3) 0.45 0.03 0.11
0.02 0.0U5 0.17 0.02 4 ¢g.o1 *1.87 0.35
0 0.02 (.00 016 0.02 3 0.01 *1.93 0.35
o oot (.83 26 #1028 #0592 0.43 9 0,97
SUER 1429 140400 903 7990 16.85  0.al 0.27
i35 w28 2R 028 O1B,06C O1B.06C  09B.03C  OLB.02B.04
04
R RV 0.5 000 010 o 0.2t

sve S.ction 11.2 regarding tigures preceded by an asterisk.
Yigives representing evror rate (in per cent) preceded by o onumber b
cte., are related to legend below.

{) Average 3 weeks, week 14 N/A o) Average I weeks, veek 39 Noa
fi " ) wecks. week 33,34 N/A I e  months
) - 4 weeks, week 33 N/A 5w mont b,
4) " 3 weeks, week 33,34 N/& ) . 4 months
) " 3 weeks, week 27 N/A

Toble 11.2.1 Communications pertormance. The numbers represent error ratces it per
oot based ot total transmitted frames/week () April - 30 Scptember 1048).




I1.3 Event Detection operation

In Table II1.3.1 some monthly statistics of the Detection and Event
Processor operation are given. The tahle lists the total number of
detections (DPX) triggered by the on-line detector, the total number of
detections processed by the automatic event processor (EPX) and the
total number of events accepted after analyst review (Teleseismic

phases, core phases and total).

Total Total Accepted events
DPX EPX P-phases Core Phases Sum Daily
APR 88 10825 1135 277 72 349 11.6
MAY 88 5400 941 264 96 260 11.6
JUN 88 6600 910 199 55 254 3.5
JUL 88 8850 1191 295 87 382 12.3
AUG 88 12750 1191 270 71 3ul 11.0
SEP 88 9075 945 222 60 282 9 4
1527 441 1963 10.7

Table 11.3.1 Detection and Event Processor statistics, Octobey 1987 -
March 1988.

B. Paulsen




I11.

I11.1

OPERATION OF NORESS AND ARCESS

Satellite

transinission of NORESS data to the U.S.

The satellite transmission of data to the U.S.

from the NORESS field

installation has generaly been very stable, exept for occasionat

interruptions due to powctr breaks and control line breaks. These

cutuge perviods are listed in Table T71.1.1.
10 Apr 0600 to 0745 power break
20 Apr 0605 to 1310 power hreak
22 Apr 0617 to 0916 power bhreak
0 Apr 0838 to 1417 power break
4 Mayv 2056 1o > May 0023 power break
PMay 2100 co 10 May 0321 power break
12 Mav 2200 <o 2317 power Dbreak
S0 May 1123 to 1124 control lines down
20 Jun 1050 to 1125 controal Jlines down
% oAug 1200 to 1205 checking out traunsmitter

Table [I1T.1.1. Outage perviod for Nopiss catellite
april - Septenber 1788,

Trdansmission svsten

The total uptime for the NORESS UFartl station for satellite transmis-

sion of data to the U'.S. was 97.3+ s compared to 97.7% for the

previous prriod.




IIT.

2

Recording of NORESS data at NDPC, Kjeller

As can be seen from Table III.2.1 the reasons causing NORESS outage can

be placed under the following four groups: Transmission line failure,

power failure at HUB, power failure at NDPC and hardware maintenance or

failure.

The average recording time was 97.8% as compared to 95.4% for the

nrevious period.

10
20
22
28
29

14
15
16
19

10
16
17

Jun
Jun
Jun
Jun
Jun

Jul
Jul
Jul
Jul
Jul
Jul

Aug
Aug
Aug
Aug

1403-1427
0817-1115
0826-1047
1050-1736

2311-
-0458
2313-
-0509
0722-0749
0844-1304
1308-1309
1417-1535
1626-1846
1856-1911

0501-0615
1008-1908
1336-1346
1900-1932
0825-0957

0156-0304
1016-1254
2002-2106
1810-2017
1658-1813
1653-2037

0248-0404

1046-1102

1330-
-1102

Duration
24

4 h 58
2 h 21
6 h 46
49

4 h 58
47

Sh 9
27

4 h 20
1

1 h 18
2 h 20
15

1 h 14
9h O
10

32

1 h 32
1 h 8
2 h 38
1h 4
2 h 7
1 h 15
3 h 44
1 h 16
16

10 h 30
11 L 2

Transmission line failure
Power failure at HUB
Power failure at HUB
Power failure at HUB

Transmission line failure
Transmission line failure
Power failure at HUB

Power failure at HUB

Power failure at HUB
Hardware maintenance at NDPC
Hardware maintenance at NDPC
Hardware maintenance at NDPC
Power failure at NDPC

Power failure at NDPC

failure
failure

Transmission line
Transmission line
Transmission line failure
Transmission line failure
Hardware error at NDPC

Power failure at NDPC
Hardware maintcenance at NDPC
Transmission line failurc
Power failure ot NDPC
Transmission line failure
Power failure at NDPC

Power failure at NDPC
Hardware maintenance at NDI'C
Hardware failure at NDPC
Hardware failure at NDPC
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13
15
20
26
27
27
27
29
29
29
29
29

29

Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep

1630-1842
1345-1846
1054-1251
0903-1239
2303-
-055%4
1402-1406
1445-1451
1124-1146
1203-1238
1324-1329
1409-1410
1415-14106
1421-1422

12

57
36
57

54

6
22
35

——

1o

m Transmission line failure

m Transmission line failure

m Power failure at NDPC

m Hardware maintenance at NDPC
m Transmission line failure

n Transmission line failure

m Hardware maintenance at HUB
m Hardware maintenance at HUB
m Hardware maintenance at HUB
m Hardware maintenance at HUB
n Hardware maintenance at HUB
m Hardware maintenance at HUB
m Hardware maintenance at HUB
m Hardware maintenance at HUB

Tahle IT77.2.1.

- September 1988.

Interruptions in

NORFSS recordings at NDPC, April

dontiily uptimes for the Noress on-line data recording task, taking

invte

account all tactors (fiéld installations, tranemissions line.

i centoer operation) affecting this task were as follows:

Apfil

Hday

June

A
Ly

Agust

September

98

96 .
97.

0%
97.
98.
98.

3%
3%
Wk
9%
8%

Fig. TIT1.2.1 shows the uptime for the data recording task, or cqui-

valently, the availability of NORESS data in our tape archive, on a

day-bhv-dav basis,

for the reporting period.
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I11.3 Recording of ARCESS data at NDPC, Kjeller

Monthly uptimes for the ARCESS on-line data recording at NDPC, taking
into account all factors (field installations, transmissions line,

data center operation) affecting this task were as follows:

April : 97.2%
May : 79.6%
June : 19.6%
July : 87.8%
August : 87.0%
September 92.0%

The main reason causing most of the ARCESS outage in June was a serious
breakdown of the Sun 2 processing system and subsequent work in
aonnection with transferring the data recording and processing to a Sun
3-based system. In August work on a new power line at the array site
was the main reason for the outages. Other reasons causing outage in
the period are: Transmission line failure or line testing, power
failure at the HUB or at NDPC, hardware and softwarc¢ work or tests at
NDPC.

The average recording time for the period was 7/7.2%
Fig. II1.3.1 shows the uptime for the data recording task. or e¢qui-
valently, the availability of ARCESS data in our tape archive, on a

day-by-day basis, for the reporting period.

J. Torstvei:
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Iv. IMPROVEMENTS AND MODIFICATIONS

Iv.1 NORSAR Detection processing

The ‘new’ NORSAR detection processor has been rumning satisfactorily
during this reporting period. Detection and data quality reports are
now groupcd into day-files. File names are, e.g., NAO88231.DPX for

detections and NAO88231.REP for data quality reports for day-of-year

231 1988. File naming is automatic with file name prefix equal to

arrav code (i.e., NAO for NORSAR, NRS for NORESS, FRS for ARCESS,...).

Detection processing for NORSAR, NORESS, ARCESS, FINESA, GRAFENBERG
ard other data sources has been executed satisfactorily with the new
detector program using a macro language recipe as described in

semiannual report No. 2-86/87.

AT MODCOMP subarray comnunication

No rodification has been made to the MODCOMP system.

Iv.3 NORSAR _event _processing

Theve are no changes in the NORSAR event processor code.

IV. 4 NORESS detection processing

There are no changes in the 'online’ RONAPP detection processing.

Parallel detection processing with various beam sects has been performed

to investigate detection capabilities.

20
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IV.5 ARCESS detection processing

Detection processing and f-k analysis for each detection have been
performed in an off-line mode for the periods: 1987 (days 306 through
364); 1988 (days 006 through 131 and days 229 through 233). Regular
detection processing in near real time has been performed on the Sun
system since day 223 of 1988. The automatic data quality control
software has been updated to detect and mask channels with data spikes

and events within or very close¢ to the ARCESS array.

IV.6 Event processing

A new event processor code is under development, and f-k analysis
for NORESS/ARCESS/FINESA has been periodically performed on both
IBM and Sun systems.

The event processor package follows the same design as the detection.
processor with regard to macro language input. The ARRMAN program
system which handles input from NORSAR, NORESS, ARCESS, FINESA.
Grafenberg, GSE level 2 as well as the CSS 2.8 format, is included n
both packages. The package operates on archive tapcs, disk files and
disk loops, as available. CSS 2.8 is implemented only on the Sun
computers, whereas the other formats can be accessed from either IBM or

Sun.

NOGRA - NORSAR Graphics package - has been implemented by NTNF/NORSAR
for graphics output under IBM/GDDM, IBM/GKS, IBM/PI1GS, Sun/X1l and
Sun/Laser. Standard graphics user routines using NOGRA have been
developed for f-k plots, power spectra, interactive trace displavs,

etc.

The event processor code executes broadband f-k analysis and uses
velocity to report preliminary phase determination. The intention is fo
process detection information from one array at a time. and produce

reports with velocity, azimuth, quality, polarization, frequency,




amplitude, and (preliminary) phase determination. Preliminary epicenter
determination will be based upon one-array data. Improved location
estimates will be based upon these reports using several arrays and

Scandinavian stations when available.

Erphasis will be put on flexibility and suitability for research
applications, and the work will be coordinated with the efforts on the
Intelligent Arvay Processing System (IAS), which is scheduled for

delivery to NORSAR during the summer of 1989.

-4
<
~2

Upgrade of the ARCESS data acquisition and processing

hardware

Up to June 1988, the ARCESS data acquisition system at NDPC was based
on a temporary solution, using a Sun-2 computer on loan from Science
Horizons. Vital hardware components of this system failed in early
June. and there was a halt in the recording of ARCESS data, which
lasted until the new Sun-based system (which was delivered in late
June) became operational in early July. After the installation of the
new system, the hardwire configuration is essentially as shown in

Fig. IV.7.1 in NORSAR Scientific Report No.1-87/88. Two Sun-3/280-
computers handle the data acquisition and data processing tasks, and a

sun-3/260-compurer is available for off-line data analysis,

J. Fyen
R. Paulsen
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v. MAINTENANCE ACTIVITIES
V.l Actjvities in the field and at the maintenance center

This section summarizes the maintenance activities in the field, at the
maintenance center (NMC) at Hamar and NDPC activities related to

monitoring and control of the NORSAR, NORESS and ARCESS arrays.

Activities related to the NORSAR array have been diverse, and most
tasks concern corrective maintenance. Séanning Table V.1, we find that
repair/splicing of seismic cables is prominent, but we also find
repair/replacement of electronic equipment such as modems, SLEMs and LP

seismometers adjustment devices (RCDs).

In addition to repair/repositioning of antennas related to the 02B
telemetry stations, the NMC staff have taken care of such jobs as
adjustment of Long Period seismometer parameters Free Period (FP) and

Mass Position (MP).

The NDPC staff regularly monitor the subarray electronics, including
communication systems. LP seismometer parameters FP and MP are remotely
adjusted. SP channel parameters such as RA-5 gain, RA-5 3 dB point,
filter ripple, LTA time constant, seismometer sensitivity and natural

frequency are evaluated by means of special on-/offline programs.

The NORESS field system performed entirely satisfactorily throughout
the reporting period, and only a few corrective actions were needed.

Details are given in Table V.1.

During a visit 9-15 June to ARCESS, a new Global Positioning System
(GPS) Synchronized Clock was installed by Sandia engineers in coopera-
tion with NORSAR field personnel. During the same visit, all the fiber
optical cards were modified. The modification made it possible to
adjust the frequency and the phase of the clock signal for the optical

data links between the HUB and the remote sites.




The KS-36000 borehole seismometer has not been operating properly due
to 120 Hz oscillations in the two horizontal sensor modules. It was
therefore decided to pull the seismometer from the borehole and to send
it back to Teledyne Geotech for repair. This was done during the 9-15
June visit to ARCESS.

During the same visit, a cold soldering on the interface card in the
Communications Interface Module (CIM) was repaired. After that repair
was carried out, there has been no failure in the data link to Kjeller,

which can be traced to the CIM at ARCESS.

It was found in September that the GPS unit did not operate properly.
We found that the United States Naval Observatory (USNO) and Department
of Defence (DOD) had changed the data content of the GPS signals being
transmitted by satellites 6 and 9. This change of data contents
inhibits the NAVCORE Signal Processor from acquiring these satellites.
In addition, this change also inhibits the NAVCORE from acquiring any

other satellite while satellite 6 and 9 are selected.

Since the USNO was in the process of changing the data content on all
of the satellites, and in order to fully correct this problem, the GPS
unit was sent back to Kinemetrics for a software modification that will

allow the NAVCORE to decode the new data format.

In order to have a timing system at ARCESS during the period the GPS
will be in the U.S. for repair, the two LF-DC Synchronized Digital
Clocks were modified to work preperly under marginal receiving

conditions.

During the summer months, all scismometer housings of the ARCESS arrav
were covered by moss, in order to reduce as much as possible on

background seismic noise from wind and rain.
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Subarray Task Date
Area
02B Temporary antenna repair and repositioning 14,15,25
(telem.) April
06C Three visits to the SA in connection with May
testing of a SLEM which had caused timing
problems before
NDPC Remotely measured/adjusted LP seismometers with  May
respect to Mass Position (MP) and Free Period
(FP). Subarrays 01A, O1R, 02C, 03C and 04C
02C, 03C SP channels evaluated by means of the
Offline program Chanev SP. Parameters such as
filter ripple, LTA time constant, RA-5 gain,
RA-5 lower 3 dB point, Seismometer sensitvivity.
and natural frequency determined
028 Adjusted SP/LP gain and Offset 3 June
04cC Remote Centering Device (RCD) EW seismometer 24 June
replaced
0lA,01B  SP/LP gain and offset adjusted 27 June
N1B Seismic cable SP0O2 spliced 29 June
03¢ SP/LP gain and offset adjusted 30 June
02h Found seismic cable SP02 dumaged 30 Jure
NORESS Array checked together with Sandia repre:cen- 8 June
tatives
ARCESS NMC staff and Sandia representatives visi'cd 10-15 Junc
the array in connection with modification and
timing of Fiber Gptical systems. A Global
Positioning System (GPS) was installed
Table V.1. Activities in the field and the NORSAR maintenance wente-.

including NDPC actitivites related to the NORSAR arvay, 1 April -
30 September 1988.




Subarray
Area

NDPC

01A

Oig

0Eh

04LC

NDPC

ARCESS

NORFSS

028

nac

Table V.1

Daily check of SP and LP data, including comm.
systems. LP seismometers outside specifications
adjusted, Free Period (FP) and Mass Pos. (MP).
SP channels 01B, 02B and 04C analyzed with
respect to vital parameters by means of the
Offline program Chanev SP

Cable vepaivr SPO2

Cable rep:tr SPO?
Cable repair SPO3
Cable vipaiv SpPuy

Cable repair SiPOd

flable repai. SPO4
Daily routine cher~ks throughout the month

Replaced satellite receiver clock bv the "old"
cecoivers JHE b oarray)

Satellite transmitter frequency decrcased by
305 Hz. Hub preventive maintenance carried out.
Remot. sites power supply repairved

Cable work SP0S

Replaced modem and SLEM Digital Unit

Cable work =10?

The S was visited in order to solve a speeial
NS LP seism. praoblem

(cont.)

3,8,12
July

1 July
19 July
22 July

20.26,27
28 July

13,14 July
July

4 Aupust

19 August
26 Augusi
3.4 August

11.17,23.
24 nupust

10 Aupus:

19 Aupust



Subarray Task " Date
Area
NDPC Regular check of SP/LP data and comm. systems. August

Weekly calibration ol SP/LP seism. carried out.
Adjustment of LP seismometer (MP/FP) done when
outside tolerances. In August the capability of
the 02B, 02C, 03C and 04C A/D converters was
verified by "online" data acquisition "test 48"
and the "offline" program MISNO

NORESS Routine visits Ser.tembor

ARCESS On site Al the Optical Fiber Transnmitter was Septembex
replaced. On D6 the Hub 61 and 70 cards were
replaced. The DHL 70 card on the north-south
component on C2 was replaced.

NORSAR Regular check of SP/LP data and comm. systems. September
Weekly calibration of SP/LP seismometers. Mass
Position (MP) and Free Period (FP) outside
tolerances adjusted. Besides, data acquisition
"test 48" and offline data analyzing program
Misno run on subarray 01A

Table V.1. <(cont.)

V.2 Array status

No changes or modifications have been implemented since thoe lust
report.

As of 30 September 1988 the followiny NORSAR chuannels deiated from
tolerances:

0l1Aa 01 8 Hz filter
02 8 Hz filter
04 30 dB attenuation

01B 05 buad cable




023 08 FP not adjustable/measurabie foom NDPY

Ca 8 FEonot adjusetable from NDPC
O 0H Broadhand [{lter instalied

On the occasion of the Semipalatinsk JVE explosion on 14 Septerber, the
gain of the NORESS 3-component instrument at site €2 was reduced by 70
dB. This change was cffective on 13 September at 1700 GMT, and the g«in

was hack to normal from 16 September at 1400 JGMT.

No ARCEss channels deviated from their standards during the reporting

period.

0. A. 'lansen
P.W. Larsen
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VII. SUMMARY OF TECHNICAL REPCRTS / PAPERS5 PUBLISHED

VI1.1 Spectral analysis of Shapan River explosions recorded at NORSAR

and_NORESS

As shown by Rinsdal anrd Hokland (1987), NORSAR recordings of Lg and P
coda can provide verv stable cstimates of the magnitudes of underground
nuclear explosions at the Shapan River test sitre. These data thus hold
considerable premise in velation to obtaining accurate yicld estimates

for the purpose of verifyivg & threshold test ban treaty.

To investipate the observational basis for estimation of magnitudes
basced on P-coda and lL.g measurements, we have calculated power spectra

frem NORSAR rvecordings of about twenty Shagan River explosions.

The mean spectvr of the NORSAR short-perviod chamnels and the curves
regscsenting plas wins two standard deviations are estimated for noi-se
preceding the P-poase,. for ?-coda and for Lg. The time windows are
cqguil to those applied by Ringdal and Hokland (1987) for estimating RMS
hased mag: itudes  We will ot go into detail on theitv procedure, but
poirs out that the RMY of rnoise, P-coda and Ly were calculated from
traces bardpass-til'ered between 0.6 and 3.0 bl Fig, VII.1.1(a-c¢) give
the spectra frow the Joint Verification Experiment (JVE) explosion in
the Shagan DRiver region of September ta, 172388 TF (10 o - bhers tle pean
spectrum dacross MORSAR as well as curves corrvesponding to plus/minus
two standard deviations. Tu the vonge 0.6-3.0 He, we find that the
variations across the NORSAR arrav ave of comparable size for both
noise, P coda and Lg, and the same variation chavacieristics alse appiv

to the other events investigated in this study,

A procedure to compensate for the background noise .evel forms parvt of
tl.e RMS magnitude measurements This procedure can be simulated on the
poviecr spectra by subtracting the pre-P noise from the P-coda or Lg
speatra, in Fig. VI!T.1.?2 we illustrate the background noise compensa-

tion b showing the spectra of the noise, of Ly and of Lg wminus noise.




We note that in this case the c¢ffect ot the noise compensation io smel)
n the frequency band with the maximum power (around 0.8 Hz). In fac’,
the noise compensation only becomes important for t(he lower magnitude:
events. In the following, refercnces will be made to noise-corrected Lg

spectra only.

Note that the Lg spectrum of Fig. VII.1.2 exhibits a peak betwecu 0
and 0.8 Hz. From the NORSAR short-period response given in Fig.
VIiI.1l.3, we can see that in the frequency range 0.6 to 3.0 Hz the
amplification is varying by a factor of ten. If the dominant frequency
of the Lg phase were to vary significantly from event to cvent. the
RMS-based magnitude estimates could be influenced hv the -rarying
amplification. To investigate this problem further, Fig. VIT.1.3a shows
expanded Lg spectra of eleven events from the soutliiestern part of the
Shagan River test region. The RMS Lg magnitudes range from 5.67 to
6.19. Although there is a trend of lower dominant frc pnercics for the
highest peaks, the actual variation is small. tn Fio. VIi 1.4h woe show
similar spectra for se¢ven events from the northeast.rn part of rhe
Shagan River test region. The RMS lg magnitudes for these events vary

from 5.87 to 6.11.

Ringdal and Hokland (1987) found in their studayv ot lg and Pocod,
magnitudes from the Shagan River test site that there was a sig-
nificant regional anomaly within that site. In the northeastern part,
the P-coda and ISC magnitudes were consistently low compared to Lg,
whereas in the southwestern part they werc consistently hiph. 1o
investigate whether this anomaly is reflected in thy g ,ectia. we
have plotted in Fig. VII.1.5 the peak frequencies tor the cvents iuw
tigated as a function of RMS Lg magnitude, with ditferen: svmbo! tyg
for the two subregions. Although there ave¢ a couple of outliers, both
the events from the NE part (crosses) and the SE part (filled rec-
tangles) follow the same trend of lower dominant froquenciecs for higiwr
magnitudes. From the results given in Fig. VII.l.5 we can infc: that
the Lg peak frequency characteristics do not differ significantly from
the NE to the SW part of th. Shagan River test site. The overal:

variation of the dominant frequency among the events of differer:




magritude is less than 0015 Hz.o We therefore find that amplification
differences, sce Fig., VIT. 1.3, will vot influence the variation of tl.-

ragnitude estimates significantly.

In Tig. VII.l.tu and ¥1I.1.6h we have calculated P-coda and Lg spectra
for two Shagan River c¢vents with comparable RMS Lg magnitudes. The
event represented in Fig. VII.1.6a is located in the SW region and has
an RMS Lg magnitude of 5.7%, whereas the event given in Fig. VII.l.é6b
is located in the NE region and has a magnitude of 5.8/. The feature we
want to emphasi:e from these tigures is that the P-coda spectrum of

the SW event i well ibove that from the NE event in the entire
frequency range 0.6 to 3.0 Hz. On the other hand, the ditferences in
the Lg spoectra are swall and are confined to the frequency iange 0.6 to
L0 Hz.

For oven:s belew o cortain magnitude, the SNR of Lg at NORSAR is too
low for application of Lg-based magnitude m asurements. In theory, the
SKR vould e {mproved through beamforming. but in practice the Lg phase
has oo 1w cohereney across NORSAR for this to be meaningful. On the
other hand., the WORESS arrvav has shown an excellent capability of
Lrivesirs the SR In Fig. VI 1. 74 we show the mean NORESS spectra
for noise preccding the Pophase and for Le. The evin: considered is th.

JVE cuplorion of Scpteamber 14, 19330 AT 0.8 e, the SMR i« abour 11
decibols . By forming a hear from the conter instrument and the D-ving
of the NODUSS array with steering delavs corvesponding to an apparon
velocitw of 4.2 km/s and the azimuth to the Shagan River test site (o
degrecs) ) the SNE can he signiticantly improved. In Fipg., VII.1.7h, w.
show the hoam spectra of noise and Ly and tind and SNR of 17 decibels
at C.8 Heo daplving that NORESS Ly measurements of Shagan River
explosions may be done for event of 6 dB (0.3 mp, units) lower than tor
NORSAR. However., in the low-SNR cases where we have to apply the
beamforming tecl nique on NORESS arvay rvecordings to obtain an Lg
mapnitide estimate, the variance in the estimate will be larger than

for the hipgh SNF cases where we can averape over the full NORSAR arrav.
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To illustrate how NORESS beamforming works for the Lg phase, we have
applied the wide-band slowness estimation techinque to NORESS short-
period recordings of a 16 min long wavetrain comprising all phases trom
the JVE explosion. The center instrument and the C- and D-rings were
analyzed in the frequency band 0.6 to 3.0 Hz. Fach time window was
three seconds long and the separation between the windows was one
second. The results are given in Fig. VI1.1.8 and show the following:
In the upper panel, the intermediate period vertical charnel, bandpase
fiitered between 0.6 and 3.0 Hz is displayed. 1In order t= morc clearls
visualize the PP phase, occurring after about 120 seconds and ithe Lg
phase arriving between 750 and 870 seconds, we have clipped the
amplitude of the P-phase in the plot. 1In the second panel, tl: azimuth
from the slowness analysis is given. The size of the rivps represent a
coherency mecasure of the slowness solution. Althou, h there is a
relatively large scatter in azimuth around the theoretical value of
about 80 degrees, the time intervals around P, the cvarly P-coda., PP aud
L.g show a more uniform pattern rhan the rest. The slowness or anparc:.
velocity estimates, given in the lower panel, show that betweern P oan?
PP the apparent velocity is consistently above 10 wm/s. [t th~n drors
to below 5 km/s after about 6 minutes, and then stays at about this
level throughout the wavetrain. The relatively consistert azimith ad
apparent velocity estimates within the Lg wavetrain explain whv the

beamforming works well for this phase.

Conclusions

Ian this study we have presented some results (llustrating some of th
features related to magnitude estimation hased on RMS Ly .nd RXS

P-coda measurements. The Lg spectra from both the NI and the SV opart of
the Shagan River region show little variation in spectral chape and
dominaut frequency. Even though the RMS Lg magnitudes (¢ compited
from traces filtered in the 0.6-3.0 Hz band, the spectra show that the
signal energy level between 0.6 and 1.0 Hz essentiaily detcrmines the

Lg magnitudes.
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For events from SW Shagan, the spectral difference between P-coda and
\ Lg is larger than for events from the NE part. This applies to the
| entire frequency range 0.6 to 3.0 Hz . It also follows that the
b spectral level of the entire frequency band analyzed (0.6 to 3.0 Hz)
1 contributes to the RMS P-coda magnitude estimates.
In cases where the single station SNR of the Lg is *oo low for Lg
magnitude estimation, we can employ the beamforming capability of the
NORESS array to improve the SNR. About 6 decibels SNR improvement can
; be achieved, i.e., about 0.3 magnitude units. The applicability of
s beamforwing of *he Iy phases has been demonstated by running moving
time window slowness analysis on a 16 minutes long window covering all
i phases from a Shagan River nuclear explosion.
¢ T. Kvarna

F. Ringdal
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SHAGAN RIVER EVENTS
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Fig. VII.1.53. Peak frequency versus RMS Lg magnitude for the events
given in Fig. VII.1.4a and 4b. Crosses represent events from the NE

part of the Shagan River test site, whereas filled rectangles represent
events from the SW part.
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River test site. The RMS Lg magnitude is estimated at 5.9o
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Fig, VI1.1.6b. P-coda and Lg spectra from an event of 12 Decenber
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site and the RMS Lg magnitude is estimated at 5.87.
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Fig. VII.1.7. TIllustration of SNR gain for Lg by beamforming using
NORESS data from the JVE explosion. Panel a) shows uncorrected NORESS
power spectra for Lg and noise averaged over all individual seis-
mometers. Panel b) is based on a beam formed from the center instrument
and the D-ring, using steering delays typical of Lg phases from
Semipalatinsk (phase velocity 4.3 km/s, azimuth 80 deg). Note the
considerably greater SNR for the NORESS beam.
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Fig. VII.1.8. Results from slowness analysis of NORESS recordings ot

the JVE explosion. The upper panel shows the intermediate period
vertical component bandpass filtered between 0.6 and 3.0 Hz. The
middle panel gives the azimuth solutions and the lower panel the

absolute slowness (inverse of apparent velocity) solutions.

The size

of the circles represents a coherency measure of the indi-idual

estimates.
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vir.» Statistics of ISC travel time residnals

The location of seisnic events by a network of stations requires that
adequate theoretical travel times are available, cither bv interpola-
tion in tables, or by calculating the times in a reference velocity
model. Despite obvious shortcomings the Jeffreye-Bullen tables are
stiil in use at the major seismological centers for locating events.
The more recent PREM model (Dziewonski and Anderson, 1981) is more
satisfying in that 1. was constructed to fit a large seismological data
set including free oscillation cigenfrequencies, but the criginal
transvevsely isotropic model is not well suited for routine travel time
calculations, and the isotropic version of PREM has not been adequately
tested against arrival rime observations. Here we report on the
statistices of telescismic travel time residuals with respect to the

isotrople PREM.

We huave extracted P arrival time data from the ISC bulletins for the
Jwei 1984 PeP and PKP for the years 1975-1984, and PKKP for the years
19€4-1984. Additional PKKP and PnKP, n > 2, were taken from bulletins
of the original TLASA and NORSAR arrays, and from special publications.
All data were s'ihjected to a standard processing sequence, similar to
that of others: Residuals were computed relative to PREM. subjected to
station corrections. corrected for ellipticity and lower mantle
variations, and corrected for the effects of source structure and,; or
mislocation. Data belonging to a particular branch were finally
averaged to form 'summary ray’ data, based on pairs of approximately
equal arca blocks (equalling 10 x 10° at the equator). For details of
the dat: selection and processing we vefor to Doornbos and Hilton
(1988). The number of 'summary rayv’ data finally obtained were 3415 foar
P, 1868 for PcP. 1395 for PKP (13C), 871 for PKP (AB), 686 for PKKL
(13C3. and 189 for PnkKpP (AR).

Typical examples of histograms of summary residual data are shown in
Fig. VII.2.1. In this tigure we have also plotted the data from decp
events. A comparison suggests that reading errors are significant

espiciaily for arrivals from shallow events: note that the number of




late readings is reduced in the data from deep events. For the core
phases and for P at distances larger than 85° (P2), the early parts of
the histograms for all data and for the data from deep events overlay
quite well. This means that the upper mantle model of PREM is consis-
tent with the ISC depth estimates. The P data at distances smaller than
85° (P1) are different in that there are anomalously manv early
arrivals from shallows c¢vents; this may also explain the relatively
large variance of these data. It is possible that one begins to see
here the effect of subduction zones, since many of the events occur

within these zones.

Fig. VI1.2.1 also shows that there is a significant mean residual lef:
in the data. This is especially clear for the core phases, and we can
infer their relation. If the sampling by summary rays is reasonably
uniform and if nonlinear effects can be neglected, tlien for any
particular phase the mean residual represents the ¢ffects of dit-
ferences between PREM and the spherically averaged ecarth, and/or
systematic reading ervors. The PcP, PKP and PnKP mean residuals ior
summary rays in the same v~y parametecr interval are expecied to follcw

a linear trend:

ST(PnKP) = 6Ty + néTo, n = 1,2, ... (..
where ET% = §T(PcP), and gfc represents the resgidual after one passa.c

of the wave through the cove; both the velocity structurc and the cove-
mantle boundary level may contribute to the residual. A relation of the
form (1) can be discerned for the phases with ray parametcrs above

4 s/d, but surprisingly, PcP, PKP and PKKP in the vay parameter range
2-3 s/d do not follow a linear trend. One possible cxplanatiou, now
under investigation, is based on the fact that PcP a4t small distances
is weak, and known to be often unobservable. It is therefore possible
that PcP (and possibly PKKP) is observed primarily in circumstances of

relatively strong focusing, with an accompanying phase dciay.




It is also of interest to note that the variance of the PKKP data is
not wmuch Ltarger than that of PKP in the same ray paramcter range (2-3
s/dy. It is convenient to plot the variance of the various phases as a
function of their sensitivity to variations of deep earth structure.
Here we give su:h a relation bctween the variance of the data UTZ and

the variance of core-mantle boundary topography arz. For PcP:

9 2, o2 0y 2 (2a)

ard for PnKP it the perturbations ér in the sampling poirts r; are

uncerrelated:

. . | 0 B}
) 9 , 2 > 99 9 ) - 29 9,
e e S R R <.p’)-(y ‘<;r‘)y/’il/“ 28 (n 2 p) oy (2L
! i-2
Heve n = r/v, and & superscript /" refers to the top/botromside of the

poundarv. In Fig. VI1.2.3 the variance of the data subsets is plotted
follewing equation (7). One inference from this figuvre is that the PRIP
data imply a reiativeiv smooth core-mantle boundary on « large scale;

2

for itlus:rative purpeses the expected travel rime variance for o7 -

129

L ko is shown 2 Fig VII.2. 2. Another infevence is zhat models of
larpe-scaie lateral wariation of deep earth stiructure can oxplain onl

4 aetartively smiall] part of (he data variance.

D.J. Daorobo-.
T. Hilton
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Vii 2 Modelling of Lg-wave propagation _across the Central Graven

of the North Sca

Thiz is the third and tinal report on modelling of Lg wave propagation
in the Central Graben of the North Sea in an attempt to explain the
very strong attenuation of the Lg wavetrain observed in this area. Tn
the rirst veport (Maupin, 1987), we presented the modelling method and
some preliminary tests The bulk of the modelling results, i.e.. the
reflection and rransmission matrices for Rayleigh and Love type Lg-
modes propagating at « right angle or at an oblique angle across a
graben model, were presented in the second report (Maupin, 1988). A
first interpretation of the matrices showed that on the average over
manv Lg wavetrvains, 80t of the incoming Lg energy remains in the Lg

vave after prop.ration acre s the graben model.

The transmission apstrin affects diiferently incoming Lg wavetrains with
different modal contents. The relative amplitudes of the differcnt
modes, which devend on their excitation by the seismic source, as weili
as their phase difterences vhen reaching the Graben, which vary with
epicontral distonce, define the modal content. In order to exploit mere
conpletciv the trarsmission matrix, we analvze here its effect on Lpg
wavesrains frem differvent sources at different distances trom the
crehen. Since the transmission of Ravleigh and Love waves at a right
angle or at an ohlique angle across the model have been found very
similar in the second repori, we concentrate ¢y analvsis bhere to
Rayleigh waves propagating at right angles across the structure. On i
other hand, the :ransmission across three variants ot the Central
Graben model used in tihe previous roports (and now called model 1) arc
also e¢xamined, to account for parsible block-faulting of the Graben
margin (models 2 and .. Fig. Vii. . 1) or roughness of the scdiment -
basewent interface (model 4, Fip. VII.3.1%. We arso examine the phase

stability with period of the transmitted wavetrain,

After inspectior of the results for different sources, we retair three
typical cases for discussion: an explosion, a strike-slip carthquake

with a fault tracce art /9 from the syimetry dircectior of the Graben.




and an earthquake which occurred on the western flank of the Viking
Graben on 29 July 1982 (strike: 100°, dip: 63°, slip: -170°, after
Havskov and Bungum, 1987), for which we study the waves travelling due
ecast perpendicularly across the Viking Graben and to Norway. We use
explosions with 4 different focal depths, ranging from 0 to 3 km, and
earthquakes at 7 different focal depths sampling the whola crust. The
distances of the events from the Graben arc taken rangin. from & to
1000 km, with a step of 10 km, providing « good sampling of possible
phase shifts between the different modes when reaching tiie Graben.
These events do not intend to model a complete or realistic situatior..
but to provide an oversight of the effect of the Grahen on difforent L.
wavetrains. We recall that Gregersen (1984) used manyv carihquakes in
his study of the attenuation across the North Sea Central Graben. ani

pointed out that the effect does not depend on the source.

The total energy transmission

For each source type, depth and distance, we calcuiate the amount of
total energy contained in the Lg wavetrain hefore and aft. propagation
across the Graben. This total energy includes the cnergy contained in
the whole crust for the 11 Lg modes. For each source mehanism nd
depth, the results are summarized in a histogram of the ‘. sini-sion
ratios, which illustrates how their values vary for diftc:ont source-
graben distances.

One of these histograms is shown on Fig. VIT.2.2. !t dispiays i
values of the transmission ratios across model 1 for an [ wvaveivain
excited by a Viking Graben earthquake at 15 km focul depth. The
distribution is well peaked around transmission ratios of 0

Histograms for other focal depths, source mechanisw ov v o lore e g
similar in shape, with a slight shitt of -10% for ¢ pionionn lose to
the surface. Fig. VII.3.7, wherce incidont and mean transmitied cnerpics
are plotted as a function of source type and depth, also tistifies that
in the large majority of casecs. 80% of the incident encrpy. is trans-
mitted as an Lg wave across our models of the Central Gra'ci.. The
remaining 20% is converted to Sn or other § waves propagating in the

mantle.

oY




This result is in agreement with the findings in report no. 2, and
shews that the total cnergy transmission ratio is only slightly

depoident on the source mechanism which has excited the Lg wavetrain.

The surface energy transmission

Since surface wives have their energy distributed with depth dif-
ferently from one mode to the other, their total energy does not
dircctly indicate how much of the energy is confined close to the
surface, or equivalently the surface displacement. More in agreement
with what can actually be mcasured, we therefore also analyze the
ratios of rranswitted over incident surface energy. This surface eneryy
is the encrgy of the whole Lg wavetrain measured on the vertical
component of 4 sciswoxcter. The ratios of transmitted over incident
maximum vertical dispiacement at the surface were also calculated, but
are not d.scusscd heve since the more global character of the erergy
makes it g priosi a meve stuble quantity for estimating the attenua-
tion. We do, hovever, observe a high degree of similarity between the

ratios in energy and in maximum displacement.

The pattern of surface eneryy transmission is verv different from the
pattern of total enerpy transmission. Three typical histograms of
surfiace energy transmission ra‘ios for different source-graben
distances are displayed on Fig. VI11.3.4. and incident and mean
tranumitted surface onergies as a function of source depth arve plotted
in Fig. VIT.3.5 and VI1.3.6 for different sources. In order to indicate
the dispersion in the transmission due to changes in the wodels, we
plot the maximum and minimum vaincs of the mean transmitted energies
calculated with uodels 1 to 4. No rule applies as to wvirich model

usually gives the lower or higher value.

Fig. VII.3.4a is a typical histogram for explosions or very shallow
eartihquakes, for which the swrface transmission ratios are smaller than
the total energy transmission ratios. For thesc sources, a large part
of the total Lg energy is confined close to the surface of the wadel,

mainiv in the sedimentary laver, before reaching the Graben. Crossing




the Graben shifts part of the energy decper in the c¢rust by redistri-
buting the energy more evenly among the different Lg modes. This effect
amplifies at the surface the global loss of Lg energy. The surface
signature of the Lg wave is therefore decreased by a factor of 0.6 to

0.75 in terms of mean amplitude of the signal.

Some earthquakes with certain focal mechanisms or Located at tlie botiom
of the crust excite more evenly the different modes oif the Lg waves.
This is the case for mid-crustal or deep strike-slip earthquakes, for
example, which have rather well-peaked transmission ratio distributions
(Fig. VII.3.4b), similar to those for the total energy, and mean values
of surface energy transmission around 80% (Fig. VI1.3.5). In thav case.
the mean surface displacement is decreased by a factor of 0.9 after
crossing the Graben, and this directly accounts for: the total inss of

¢nergy in the Lg wavetrain.

Other types of mid-crustal earthquakes, like thie mid-crustal Viliing
Graben earthquake, excite primarily the Lg modes having thieir energy
confined in the middle of the crust. The surtface ererpy before reaching
the Graben is thus small compared to the total energy involved in the
Lg wavetrain. By crossing the Graben, the energy is vedistributced among
the modes, and some energy is thereby shifted from the ni‘ldle of th
crust towards the sedimentary layer and the surface. The unet etfoct :s
an increase in surface energy (Figs. VII.3.4c¢ and VII.3.5:, deypite tio

decrease of total energy. In that case, an increase of 1. can he

expected for the meanr amplitude of the recorded Lg wavetrain.

The total energy transmission ratios have shown that thc toho vemain. o
rather energy-proof barrier (only 20% of the energy leaks into the
mantle). On the other hand, the surface cnergv ratios shou that the
crustal thinning of the Central Graben causes important transfers of
energy among the different units of the crust. Comparing the swrface
energy curves (Figs. VII.3.5 and VII.3.6) with the total encrgy oues
(Fig. VII.3.3), we see that the surface energy curves are very
different from the total energy ones before propagation across the

Craben (filled symbols), but much more similar aftevwavd: (open




symbols). The Graben has redistributed more evenly within the crust the
total energy involved in the Lg wavetrain, and the surface energy
reflects better the total amount of energy contained in the whole

crust.

Propagation across our Graben models leads to some Lg amplitude
variations at the surface, though limited in size and both positive and
negative. They are very different from the factor 0.25 to 0.5 actuallv
observed in the North Sea Grahen area. Moreover, the preferred focal
depth of seismic events in the North Sea is very often around 15 km
{Havskov and Buugum, 198/), which would bias our transmission ratios
towards thelr highest waluces. Our modelling weuld at the most explain a
factor of 2 between the attenuation of Lg waves produced by explosions
and Lg waves precduced by earthquakes, but can in no case explain the

general and strung atenuation observed in this area.

Coherency of the phase with period

The previous calculations have been made at a single frequency. The
phasc behavior of the waves as a function of period is a key clement o
the effective build-up of a wavetrain. If rapid variations are
obscrved. Interfcrancos betreen neighboring periods might destroy the
vavelrain In order ve checl the stability of the phase as a function
o prriod. we now conpare the phhases of the Lp wave modes propagating

out of the Centval Critien ar ? neiphboring periods, 1.0 and 1.02 s

We calculate the transmission matrices at the ? periods. For the same
series of sources and source-graben distances as carlier in this
report, we calculate the phase of each Ly mode propagating out of thu
Graben at the 2 periods. We must note that a mode propagating out of
the Graben origiriatcs from the combination in the Graben of different
modes initially cxcited by the source. Tts phace thus depends in a
complicated way on the phases of these modes when they enter the
structure. We subrtract from the total phase the pure propagation phase.
i.e.. the integral ovir horizontal distance of the mode local phase
¢lowness. By using a phase free of pure propagation ef{fect, the phasec

difference between the modes ot the 2 diftferent periods is actually




measured at the arrival time of the mode predicted by its group

velocity.

On Fig. VII.3.7 are displayed three histograms of the phase dif-
ferences for the different modes and different source-graben distances
after propagation across model 1. Due to the unknown but certainly poor
accuracy of the transmission matrix phase, which is influenced by the
zoning of the model, we cannot use these histograms very quanti-
tatively. Even if in the second one large phase differences occur
rather frequently, cases a) and c) testify that the phases of the modes
are not systematically random after crossing the Graben, and therefore
cannot give rise to a generally strong attenuation of the wavetrain hy

destructive interference.

Conclusion
The investigations presented in this report confirm the conlusions

already drawn in the second report.

Our numerical modelling of Lg wave propagation in a simplified model of
the North Sea Central Graben does not predict the wevere altenuation of
the wavetrain actually observed in this region. On the contrary, the Ly
wavetrain appears very robust when crossing & :one where its waveguid.

is strongly deformed.

Since the large-scale geometry ot the Graben iails to explain the

observed data, we suggest that future work explore alternirive
explanations for the observed attenuation. Scattering by “0 or D
basaltic intrusions in the lower crust, extensive faultiir gsociared

vith intra-fault weak material, or mwore rheolopical aspoceis might be

good candidates.

V. Maupin, tostdoctorai. Filicow
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VII . .+ The Auyust 8 1988, Morc Basin earthquake: Obse.ved ground

motions and _inferred source parameters

An carthgaabe of magnitude around 5.2 occurred in the More Basin on
August 8, 1988, with tremors felt over most of southern and central
Norway. The earthquake was the largest one in the region for at least
30 vears. with a focal mechanism solution that indicates thrust
faulting along o NNE-3SW striking fault plane, in vesponse to E-W
compressional stress. The seismic moment was of the arder of 1017w
with indirations of a1 scaling consistent with an w-squave source modcl.
A wajor source of wneoertainty in this analysis is tied to anelastic

atternuation.

Background seismicity

The seismicity of this pairt of Norway and the Norwegian Continental
Shelf is shown in Fig. VIT.4.l, where three different time periods hawe
been plotted, with different symbols. The map indicates a reasonably
geol correlation between seismicity and repional peological features
such as faults, fault conca, fracture zones and grabens, and there are
alsc indications of the seismicity foilowing the continental margin.
The map mercover shows a certain hias between the different time
periods in that the arceas south of 627N obviously are better covored

terirs of microseiemic surveillance daving the 1980s (Bungum, 19088 .

Epicenter location

The location of 'he Aurust ¢, 1988, cavthquake in the Mere Loasin s
shown in Fig. Vii.a.1 at 63 ;ON, 2. 09K, slightiv west of most cavlico:
evenuts in this area, bnt still east oif the prominent Feroee-Shetland
Escarpment. The earthonake was widely recorded on seismic instruments
throughout nortiorn Enrope and the entire world. Nearly 80 sceismic
phases have becn reporied, a1l within the distance range of 300 to

1300 km. Experiment s with locating the event with subsets of thewe dad .
insured the coristency and reliability of the location. No reliable

deptl estimate {5 vet gvailable, however (Hansen ot .1, 1988y




Felt effects and magnitude

This earthquake was widely felt throughout much of centrai and south. rn
Norway, along the coast from Stavanger to Mo i Rana. as well as in
southeastern Norway and in Sweden. Responses to questionnaires sent out
by the Seismological Observatory in Bergen give felt radil of about 300
and 440 km for intensities IV and I1I, respectively. In using relation-
ships developed recently between felt area and surface wave magnitude
Mg (Muir Wood and Woo, 1%987), this results in M  values of 5.2 and 5.3.
respectively. In comparison, an Mg value of 5.1 # 0.24 has beern
computed by N.N. Ambraseys for this earthquake, while NORESS datsu have
given an My value of 5.2. This magnitude makes this carthquake the
largest one in the region for at least 20 yeavs, possibly even the

largest one since 1895 (Hansen et al, 1988; Bungum and Selnes, 1983).

Focal mechanism

The sense of faulting for this carthquake was explored througl the

of the direction of vertical motion of about 50 of the iirst arriving
P-phases for all available recordings. A focal mechanism solution,
using this approach, is given in Fig. V1I.4.2. whero a combination of
local and teleseismic data helps in constraining the nodal planes. Fron
the graph. the faulting parameters for the two planes are strike 20°E,
dip 46° and rake (slip) 116°, and strike 165°k, dip 50° sud rake 66°,
respectively. The solution leaves an ambiguity as to which of the tw
plares is the faulting plane, but in either case this solutrion nives
reverse mechanism. From the geologic data, however (see Fig. VII 4.1;
we find that the preferred fault plane for this earthquak: is the one
striking 20°E. It can be seen from Fig. VII.4.2 that this northeasterls
striking plane is only constrained by the stations whose azimitlis var
from about 40° through about 90°. These are the stations ~f the SEISNR
network and ARCESS. The sense of first motion changed from dilatation
to compression through the middle of this network of statjons, allowit«

tor a well-constrained fault pluane solution (Hansen et al. 1988,

Observed ground motions
An earthquake of magnitude 5.2 naturally causes most conventionai

seismometers within regional distance ranges to satorate. Unelipped




recordings have. however, in the present case been obtained at three
sites: (1) Molde (MOL) accelevometer site within the SEISNOR (Northeu:
Norway) network (288 km); (?) Sulen (SUE) acceicrometer site within the
Westorn Norway ootwork (318 km); and (3) NORESS HF (high frequency) and
IP (intermediate period) elements (578 km). Since all of these moreovor
vield broadband recordings. they become especially valuable in terms of
inferences about source parameters (NORSAR and Risk Engincering, Tue..

1988 .

Observed source displi-ement spectra for these stations are shown in
Fig. VIT.X. 3. where the time series were rotated to yield the radial
(R) and the transvers. (1) components. The data are corrected for
svstem response «including « special processing of the dccelerometer
dava'. and converted tivom acceleration to displacement for Molde and
Sulen ard from velocisv to displacement for NCRESS (including a caref:l
bandpass tiltering in both cases). Energy spectra are then estimated as
a basis for the plotied displacerents, with a time window covering 24
secoinds of the o waves.,

What Is seen frow Fig. VIT. .3 is that the observed displacements fal:
off with frequenc: at 4 rute not very different from 7 (as indicated
by straight lincs). At hirhor froquencies. the slope Jdicreases
somewhat, possibly iniluerced by noise, and at low . quencies it
should be kept in mind that the spectra arc cervtainly affected by
noise. The filters uged in processing these da'a have been defined at
lower cutoffs at 0,20 !z {or Molde (where quantization noise also mav
have heen a problem) ind Suten, st 0 1% 1z oy NORESS 1P, and at

0.80 Hz for NORFESS HE.

Corrected ground motions

In order to bhe able to comparce ilie obiscrved pround metion displacemen:
spectra more convenicrtly, we have corvected all of them for the
effec s of peomctrical spreading and anclastic attenuation back to a
reference distarce of 10 bm from the cource, with results as shown in

Fig. YIT. A4,




b5

The correction used for geometrical spreading has been the commonly
used model by Herrmann and Kijko (1983) in which there is a change from

spherical to cylindrical spreading at a distance of 100 km:
R°1 R < 100 km
0.01(rR/100) " 1/? R > 100 km

For anelastic attenuation, we have for test and sensitivitv purposes

used two very different models, by Kvamme and Havskov (1988):

Q =120 - i1 (Model 1)
and by Sereno et al (19838):

Q = 560 - £0.26 (Model 2)
The first of these has been developed from specrral ratic and coda
decay methods based on data typically within a 100 300 ko distance
range, while the second has been developed from a simultancous
inversion for seismic moment and apparent attenuation bascd on data

between 200 and 1400 km. The first model covers 2-13 H.s, and the secord

1-7 Hz.

Fven with these ditferences in wind, it is no: obvious wivich ore of ~he

two models will be most appropriate in the pres.ut case. " Tih eieh
larpe differences in frequency sensitivity ot the € wedeis, howver, it
is understandable that the offcectrs of the path corveation: will be i

different, as shown by Fig. VIIL.%. 4. 1t is useful l:ve to note that 1
)

the observed and rorrected spectra have slopes proportional to t¢ and

tY, respectivelv, then the following frequency sensitivitwy of the 0

mode]l will be required (Q = Quf"):

VQqu (6 -7)1Inl0
n = 1-logll+ — - ---—-]
nR




where v is wave velocity and R is distance. This relation shows that if
one reqiires the obsiirved slope to be maintained after corection (¢

v). then Q must be directly proportional to frequency (n = 1).

From Fig. VIT.4.! it is scen that the observed spectral slopes are
reasonably close to 0wl for most of the data, at least in the 1-> Hz
range. This slope is therefore more or less maintaired through the path
correction when using the Model 1 attenuation (n = 1.1) as shown in
Fig. VII..4.4, «hich in turn gives indications of a source model close
to the standard .2 Brune model (see also Chael and Kromer, 1988). The
Medel 2 attenuation, in the other side, is more difficult to recoucile

with this pavticulas «ct of data.

Source displacement spectra and seismic moment

From the observ.d displacement spectrs in Fig., VI1.4 .3 (or from the
corrected oncs in Fig. VIT.4.4), source displacement spectra ave
obtained simplv by covvecting ali the wav back to the sowmree, with thw

folloving paranciers involved:

2
D _ 7 NN > l 3
T impv iS5G L2,
whare P expliek v, s oanelastic attenuation, G is geouwetrical

spreading as detined above, § is radiation pattern coefficient (0.6)
times free-surface awplitication (2.0) divided by o possible vootori.
partitioning of energ. (/2). v is wave velocity, p is density, and Q.
Is the obhserved displacement spectvum. In applying these corrcctions
Jith a Model 1 sttenuation, we pet source displacement wpectra as she
in Fig. VIL.4.95. where a scismic moment of the order of 1017 wm (1o
dyne-cm) is indicated. In using the Hanks and Kanamori (l1Y/Y9) momert::
magnitude relationship

My = 2/3 1o M

n

we then get M, 5.3, which is quite consistent with the othor

magnitude cstimces discussed above. For an earthquake this size, the




Brune source model gives a corner frequency at 0.8 Hz for 100-bar

stress drop.

It is not possible from Fig. VII.4.5, however, to determiine corner
frequency with any reasonable accuracy. The reason for this is partly
low frequerncy noise (as meutioned above), but primarily the fact tha.
the Q-model (Q = 120 - fl-l) most probably is not applicable for
frequencies below 1 Hz. A lower limit in Q, possibly even combined with
an increase towards lower frequencies (Aki, 1980), would yield the lnw
frequency asymptotic effects called for by the comwonly .iccepted source
models. The sensitivities and the uncertainties involved heve are
properly illustrated by the low frequency differences between the two
correction models iu Fig. VII.4. 4: one order of magnitude difference «r
a distance of about 300 km (Molde, Sulen) and two ovders of magnivud:

differences at about twice that distance (NORESS).

Ano-her question that is raiscd from the present obsevvarions is
concerned with the small differences beiween the Ly ampli-udes at
Molde/Sulen as compared to NORESS. In the corrected spectoa {(sie Fid
VI1.4.5) this shows up in the higher NORESS levels. in spite ot “he
fact that the same time window has been used in the two cases iy
compared to using comparable group velocity windows}. Since we have @ .t
found any technical reasons for this difference (such as crrors in
gain) we assume that the reason must be tied to Lg vave p o opar:-ion
characteristics that are not being adequately predicted ©v- the :ode!

used here.

Concluding remarks
The questions raised here ¢all for continued cttorts ajmed at resolvin -
existing uncertainties in our knowledge about anclavtic alttonuation

over 3 wider range of frequencies.

It. Bunguur




Ak 0 K. (1980, wtopaation of slieat waves in the Jithosphere ior
frecarencics fron 0% to 25 Hzo Phys. Farth Planct . Inter., 71,
SO-C0,

Pooaee, 010 AL Ty Drctonte stress and spectya of seismic shear waves
from earthauakes . J. CGeophvs. Res., /5, 4997-5009. (Corrcction: J.
Ceoplvs, Kes. . Jo0 L0070 (1971)).

Buniom, H (1vdd): Esothquake ocrurrence and seismotectonics in Norwav
and surrowvnding uareas. In: S. Gregersen and P. Basham (eds.):
Fartnquakes at North Sca Passive Margins: Neotectonics and
Post slacist Webeond, Hluwer Academic Pubi., in press.

sam, 1oand T.B. Selnes (1988): Earthquske Loading on the Norwegian

EBan s

Continenta! Shell - Summary Report. Norwepian Ceotechnical
Tr.e

L o

retirute i NJHSAR. 36 pp.

Rl ELPL and RUPLD Kromer (1988): NMigh-frequency spectral scaling of
a wein shool-/altershock sequence near the Norwepian coast. Buil.
Seism  Soc Mo T8 L1070

ant . T and B Froceri (Y790 A moment wmagnitude scale. J. Geoplhrs,

Hanser, R OAL, Bunguw, L.R.. Kvamme. A Dahle and J. Havskov (19Y88):
The 1955 More Basin Earthquike. Report foir the SEISNOR Steering
Jomrmittee. /7 opp.

Haveeov, 00 and U0 Bungum (193870 Source paramciers for earthqu ke in
the northern North Ses Nor. Geol. Tidsswr., 67, 51-.6.

hovmmann, 2 R0 and AL Kijko (1988): HModeling .owe cimpirical component
Lg colatior... Bull. Setsm. Soc, Awn., 73, 157-171.

Svamie  LUBooant IO Hacskov J1988) 0 Q in sonttorn Norwav. Bull. Soiss
Soc. Am.. in press,

Sai Wood D RDoand € Woo (1087) . The Historico! Seioemicity of the
Norwogian Lent i ntal shelf . ELOCS (Farthgrake Loading on g
Sorwegian Continental Shelf Repost o1 11/ pp.

HOPSAR and Risk Engincering, Inc. (1988, Ground antions from «.att,-
quakes on the Norwegian Continental Shelf. Peport tor Den norsl
stats oljesclskap a.«., 100 pp.

serero, T35, 5 kK. Bratt and T. Puche (1988): Similtaneous inversion o
regional ware spectra tor attenuation and seismic moment in
scativiinavia. J. deophva. Rew., 93, 2019-2035 .




<
(3

2NN

1880~ 1754
1955-1273
13x0-+338

GO OO0 -

t |~ /V OVV @
//{ //Cg/’ e v
Lo
56..0 3 1
a O
o v \' ° g
o [od
\ o /Z\ve
= 64.0 ° - 7]
- y
N &) v v O(
T ? N
= T e v O,
— V'v' 0, °
2 r]
= 62.0 Y ot
—
}__
< ~ i
_J °
L]
v o°° P
60.0
/ ° w7, °
o Y . op o[
> ) OQPO A
0.0 4.0

LONG I TUBE

Vigo MLILel).

comboloar 83,70, 2 .478)
Siferent time periods,
sone )

Location

and bath wetric contanrsg

ol *he

(DEG E

Mo

Boacin .

topether with backpronud -

struetur ]

informatioesn

(h\‘.’l\.",' Titn

({an

!1-\1‘




\ [ ] .—I.""'
.7 I T e
PLAME REN PARIED IR B0 RARCEES N o 1h= 161
PLANE TTR - rRL 0 P - 4.7 TP s A
PoAxle AR RS S I A e "..')
TOAXI, STh= 3 PLG=E [

P HORAX: Ab- 2772
1 HORL v: At 2
HOR DY STRE . L= 0 %49

Fig. VIT.4. 2. VFocal wmechanism solution (lower hemisphere stereograph,
projection) for the August 8, 1988  earthquake. based on first wotio,
readings ([il1lod symbols foir compressious, open symbols for dilata-
tions) from both local, regional and telescismic data.

(From Harcen o1 1, 14988)




. t, \f_ e 1
[
51.0E-0S g
5
[+
v
SU.0E-Cb 1
=]
1o
2
:4
)
S
o0E-07 o
I

CALEME YT M-S

<

MLDE ACC - 7. R, T
1998 7221/203 0315.000

NORESS P - /2, .~
1998 221720 (.vs.800

s heL) i‘wi Sl assias o3
25T
P
’ ‘\V \
AR SN
i
K3 '
i
\ N
W e e ooy |
a0 . e

Fig., VIT.A.3.

“mFUUENCY

SUWEN ACC - Z, R, T
1988 221/20: 0:15.000

100 .2
1 C:':VE_I{‘Y

Observed pround motion displaccient (in m-see) vs.

trequency for Molde (788 km), Sulen (318 ki) and NORESS TP and HF¥ (w8
wm). The data for each station are rotated so as to yicld vertical (U),

vadial (Ry and transverse (T

components.

to o slope proportional to »“.

The straivht

lines corvespond




1.0e-01

$.0€-02

1.0e-03%

1.0E-04

CORRECTED U!SPLACEMENT (M-S}

1.%€-305

o N,

MOLOE ACC 2 - 2 4 ™o,
1988 221/20: 0:15.000

,ear

NORESS 2> Z - 2 4 il

100.0

19808 221720

LEARN o]

SULEN ACT 2 - 2 9 MUtk 5
19 2217200 0115, 00

Cianll o
N

N

e

NORESS HF 2 - 2 0 ML Y
B9 2017200 1:46.000

ioaenasalol

~LE- D

(.DE-Q2

1.0E-C3

1.0€-04

CORRECTED DISPLACEMENT (M-S

Fig, VII.4.4,

; YX»-,-Y rerk

0e.o
FHFEGUENCY

|

e e

A

e

Ground motioun displacement (in m-sec) vs.
the same data as shown in Fig. VII.4.3 (but for the Z component only).

e doe st

L S
.0 130.
e e}

FoEQUENCY

frequency foi

path corrected back to a reference distance of 10 km from the source
using the following two Q models: (1) Kvamme and Havskov (1988) and (.
Sereno et al (1938). The straight lines correspond to a slape propor-

tional to w*.

N

N

)




73

{ MOLDE, 2 SULEN. 3-4 NORESS
1988 221/20: 0:15.000

,_‘1-%00’0E+19 3 1 1 3 l&lll];J§ i 4 1 1 leLl! i 3 ] | 1,::‘
£ % &
' 3 -
Z 1 4 P
E {,00000E+ 18 -
V1)
b
w
(@)
<
d 1 .0000CE+{7 +- -
v
[m]
O+ .00000E+16 1 s
o) ]
3 ]
w

1 .00000E+!S ¥ L

¢ .00000E + 14 T T B S e B 5 S 1T

0.1 1.0 10.0 100.0

11/29/88 09:25:33 FRFEQUENCY

Fig. VII.4.5, Source displacement spectra for the Aupust 8, 1988,
earthquake, with corrections for geometrical spreading (Herrmann and
Kijko, 1983) and anelastic attenuation (Kvamme and llavskov, 1988). The
plot indicates a seismic moment nof the order of 1047 Newton-meters
(equivalent to 1024 dyne-cm). The straight line indicates a slope
proportional to w4, and curves 1 through 4 are Moldc, Sulen, NORESS 1P
and NORESS HF., respectively.




VIii.5s Analysis of vepional seismic events nsing the NORESS/

ARCESS /VINFSA_arravs

This contribution comprises two scparate investigations related to
analvsis of events recorded on the three regional arrays NORESS. ARCESS
and FINESA in Fennoscandia. The first investigation is an evaluation ni
the performance of the recently upgraded FINELA arrayv in Finland,
whereas the second investig.ation utilizes data recorded simultaneousl+

on all three arrays in producing joint event locations.

An evaluation of the performance of the upgraded FINESA array

A description or the FINESA arrayv is given in Korhonen et al (1987;. 'n
early 1988, the -cowelry of the FFINESA arrvay was expanded by aading
five elements to the array. as shown in Fig. VII.5.1. The FINESA arrev
geometry current!v conprises 15 vertical only sejsmometers within an

apervture of 2 ke

FINESA data are rccorded on magnetic tape at the array site, and the
tape recording is normally event triggered by a built-in voting
detector. In order, however. to preperly cvalire the performance of
the upgraded FINESA array, dats wore recorded contintously for a ta-d.v
period during March #-'1 of 198¢  The tapes were plaved back and
checked at NORSAR, and approximatcly 55% of the data {for this 15-dov
period could be recovered and were hence cubjected to detection
processing. The rvemaining 45% of the data could not he read due to
various prc! lems with the tapes, like parity errors, ete.

A beam deploymen: comprising /2 beams (66 coherent, ( incoherent) wis
used for the detection processing of the continuous FINESA data. The
beam deployment used is 1n agrecment with the rcecommendations hy Kver: .
et al (1987) and Kvarna (1988). The detection processing results in
lists with attributes for each detected signal, like detection time.
signal frequency . phase velocity and arvival azimuth. These lists wers

compared apainst the regional Finnish bulletin. issued by the Univer-




sity of Helsiunki, and the results of the comparison are given in Table

VI1.5.1. Only those bulletin events occurring when the FiNESA arrayv was

operating properly are included in the table.

Signals detected on FINESA werve associcled to the Helsinki

bulictin

cvents by requiring a reasonable matceh of FINESA doocction parameters

tarrival time, phase type from velocity., und arrival aziwath)

‘orresponding ones predicted from the information in

bulletin. From Table V1T.5.1 we se¢e that out of the

the

103

Helsinki

S terence

events listed, 99 had at least one detected P- or S-phase, i.e.

cent. Tuo of the tour events that were not detected,

ocenrred

Lahnaslampi mine in Finland (6% 29N, 28 0Ly, at a distance of

from FINESA. Most blasts at Lahuaslampi are guite spall, and are not
detected by FINESA. The two remaining events wore hotho suall ones
rmasnitude less than 2 fov one cwvent ;) wasnitude vos oiv tor “
other) at ranges mor-- than 200 L fron FINESA .

hose vesalts for the uppradled TINESS Grvaw e queis o v oy
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vy (Korhonen et al . 198, . The addition of the tive ¢x1 Lenors C o
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Joint event locations from three-array data

Data recorded at FINESA were used together with NORESS and ARCESS dat.
in assessing the capabilities of this three-array network in locating
events in the Fennoscandian region. A set of 10 events, for which the.c
was at least one deteccted plhiase for cach array, was selected for an
event location ¢xperiment. The events are listed in Table VII.5.2 and
shown in Fig. Vv1!.5.2. The cvent magnitudes range [rom less than 7.0 to
3.2, The arigin times and geographical coordinates for the 10 events

are taken from the Helsinki bulletin.

The continuous riovewsing of data recorded at each of the three
repional -rravs in Fennoscandia provides estimatcs of arvival times oad
back azimiths. The-o parameicers together with the associated uncertain-
tles were uscd Lo inpat to the TTATLOC progran developed by Bratt and
Dache {1988y, T dincorporates the arrival time and azimuth data
into a generalinca-inverse location estimation scheme, and can be

appiricd to hoth <icoic-array and pultiple -arvay data.

las. VIT 5.3a.0 0H and Je show ARCESS. NORESS andd FINESA data,

respectively roocvent i Table VIT.S 2.0 The paneils show on the top

‘hire s P-wave beoams for throe difiorent frequency bands. The beans we v
stecred arcordiry to the phiiae odoc {rw gnd arimath of thie peak of
tr-ospectrim comprited o5 part of the online detection processing Ui

R dower traces of the paccls chow ool by Lo le b el L

for threc different frequernt y bards. The aetect ion times for the

phases uvsed in the location ovpevimert are mavrod by rvowo Ui
firures show tiat thin cvir fs recorded with o Lish 870 ot i
closest avvay (FINESA . wheveas B0 fo s 00 00 the twa o0hor v
bt is detected due to the SUR gair that ig woniecod throurls boomior:
ing. Very simple rules bared on phase o bac ity a0t rodatioe arrival
Simes and amplicades e nod Ty the phane e irneent Loandg Palosn

Lo phases only o considerod s fanther candrdar e ot bhe the R
phoase s which e Sloas iy s dn Fic Y05 30 i aa e i
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Table VII.5.2 gives the results of the location expiriment. On the
average, the joint three-array locations deviate from the network
locations published in the Helsinki bulletin by 16 km. Two-array and
one-array locations were computed for all combinations of events and
array sub-networks, also using the TTAZLOC algorithm. The resulting
average deviations from the network solutions arc 26 and 68 km,

respectively.

The results for one-arrav and two-arrav locations are in peneral
agreement with whut has previously been repovted (e¢.g., Mvkkeltveit
and Ringdal (1988) found an average deviation of 34 km fiom the
Helsinki bulletin locations, using data from seven regional events
recorded at NORESS and ARCESS)Y. The improvemcnt in the location

accuracy when invoking data {rom three avrays is sipnificant, and we

.onsider the results reported here as quite promisiug., when taking tf
‘ollowing into account: The arrival times used were those detormined
mtomatically by the online processing. 1t is conccivabic that human
intervention for adiustiment of avrvival times uandsor o firoment of the
anuromatic procedure would improve the location estiacates. Only standuard
cravel time tables for the phascs Pu, Snoand Lo were used. The

‘ntvoduction of reglonaliced travel time tables is likeiy 1o resn
lwprovements. Finally, master event lociition scheme: of ~arious vind
told considerable promise and are expected to further enhance the

capabilitivs of accurately locating veglonal «oents.

S.oMvere 1o i

g }“}'\'t‘f:

T, Kvarnda

Mo Ut Unoel o Hels Dey
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Date Time Lat. Lon. Magn... Dist. P-det. S-det.

(°N) (°E) (km)
38/03/08 06.01.42 61.2 27.1 <2 61 - X
£8,03,/08 07.50.57 62.8 29.1 <2 215 X X
88/03,08 13.03.50 62.2 23.3 < 169 X X
88/03/08 13.29.02 64.2 28.0 <2 322 -
88,03,08 14.25.10 62.1 2064 <2 75 P
58,03/08 15.02.39 60.3 24 .8 < 145 >
88/03/09 12.05.43 64 .2 28.0 <2 322 -
38,/03/10 08.47.04 59.3 27.2 <2 247 X
88,03/10 09.22.08 59.3 27,06 <2 253 <
88,03/10 09.57.40 59.7 7.6 <2 264 <
¥8/03,/10 10.41.14 52.3 27.6 <? 253
88/03/10 11.07.37 59.2 27.6 2 1 264 <
88/03/10 11.14.23 59.3 27.6 <? 253 > X
38/03/10 11.25.34 59.5 25.0 2.2 224 N »
88,/03/10 11.49.54 50.3 7.6 <« 253 ¥ N
£8,/03,/10 12.05.20 59.5 26.5 U 218 p
88/03/10 12.07.05 61.2 28.9 1h4 X
88/03/10 12.10.50 59.3 781 2.1 264 %
88,03/10 16.03.30 643 24.0 <2 379 x
58/03/10 16.20.56 62.0 204 <2 108 N
28/03/10 18.16.15 65.8 2 o Lal b
88,/03/10 18.29.30 6/7.1 2006 P il :
S8/03/10  20.27.28 63.6 262 <2 at %
58,03/11 08.18.59 629 2H.9 <2 0l X
88,03,11 09.23.17 67.6 LG - 5 =
88/,03/11 09.24.26 67.6 oo - 83
88/03/11 09.25.40 67.6 340 2 783 X
88/03/11 09.48.06 61.4 34.3 2.3 <39 N
88/03/11 10.21.09 62.72 25.9 2 g5 X N
88,/03,11 10.21.35 59.3 27.6 200 253 X <
88/03/11 10.56.54 59.5 25.0 2.1 224
§8/03/11 11.27.25 59.1 27.6 <2 253 v >
88/03/11 11.46.58 69 .4 30,8 2.3 G613 ¥
88703711 12.03.37 63.2 27.8 7.3 M
£8/03/11 12.17.09 59.5 25.0 to )
5/03/11  12.33.24 60 .4 3 L 1A
58/03/11  12.57.59 59.3 276 - )
“8/03/11  13.33.05 59 .2 781 2 S
Table VII.5. 1. Results from detection processing o!f FINISA data tor

the period 8-21 Mar 1988. The tuble lists the 103 cvents of the
Helsinki bulletin that occurred while the FINESA sv.tem was operating
properly during the l4-day period. The distance from the FINESA arvav
is given for each event. The table indicates whether or not a P oor s
phase was detected on FINESA, that can be associated with the event in
question.  (Page 1 of 3)




Date

88/03/12
88/03/12
88,03/12
88/03/12
88,/03,12
88/03/12
88,/03/12
88,/03/12
88/03/12
88,03/12
88,/03/13
88/03/14
88/03/14
88/03 /14
88,03 /14
88/03/14
88/03/14
38,03/14
83/02/14
88/03/15
88,03/15
§8,03,1
83.1 )
83/03/15
88/03/15
88/03/15
56,03715
88/03/15
88,/03/15
88/03/15
88,/03,15
88/03/15
88/03/15
88/03/15
88/03/15
88/0°/15
88/03/15
88/03/15
88/03/14
88,0116

Wt

* The origin time for
bulletin

Helsinki

Time
09.12 .28
09.59.5Y
10.42.17
10.48 .21
11.03 .58
11.11.12
12.25.01
12.40 .45
124007
14,15 28
06.49 10
09.01 .41
09.13 21
NG 22 le
10.32 41
16.35 25
12,41 a9
12,10 32
14.07.27
08.59 .57
09.06 . 42
10.31.3
11.34 36
11.41 .57
11.26 .30
12.10.38
12.11 .57
12.19.15
12.33 .35
12.40.17%9
13.16.45
13.22 14
13.51.30
14,09 35
14.20.59
14.36.2
14 .39 15
17.57 .51
08.37.13
09,44 .50

Table VI1.5.1,
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Date Time Lat. Lon. Magnw. Dist. P-det. S-det.

|
|
|
|
?
|
f
|
i

88,03/16 10.25.03 59.3 27.6 <2 253 > x
88/93/16 10.45.40  50.9 26.8 <2 72 x x
88/03/16 11.26.47  59.2 07.6 <2 264 x %
88/03/16 11.45.36  63.2 27.8 2.4 215 x x
88/03/16 11.49.51  59.5 25.0 <2 224 % X
88/03/16 23.04.26 67.8 20.0 <2 765 .
88,03/17 09.07.13 58.3 10.9 2.7 917 x *
88/03/17 10.21.17  69.6 29.9 2.0 926 x x
88/03/17 10.27.20 59.2 27.6 2.3 264 x *
88/03/17 10.46.21  59.2 27.6 <2 264 s %
88,/03/17 11.18.48  39.3 27.2 2.3 207 x «
88,03/17 12.02.23  64.2 28.0 <2 322 .
88/03/17 12.02.36  59.4 28.5 2.1 264 . x
48,/03/17 18.58.07 597 5.6 3.2 1135 < x
£8/03/18 05.16.20 602 Y7 2.6 452 x %
38,03/19 10.04.08 61.1 30,2 <2 204 < %
88,/03/19 10.05.02 59.3 27 .2 - 247 % x
58/063/19 12.15.34  68.1 33.2 - 815 x .
88/73/19 12.15.39 681 330 - 8§15 < X
88/03/19 12.39.09 681 33,0 <2 815 % x
88/03/19 13.03.39 67.6 309 - 718 % x
88/03/19 13.03.54  67.6 105 - 718

38/03/19 13.67.00  61.y 30.6 2.6 245 X
88703/19 13 42.33 67 .6 30.5 <2 718

$8/71/20  04.45.17  67.) 33/ 2.9 786

Table VIT.5.1. (Page 3 of 3
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Events for joint 3-array location
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Event 3 at ARCESS
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Event 3 at FINESA
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VII.6 Compavative .analy:

for shapgan River explosions

Introduction

The seismic Lg wave proparates in the continental lithospheve and can
be observed as v away oas o000 Jun in shield qnd stable plattorm aveas
(Nuttli., 1973: bBaumparde, 1985). 1Ly 1 genevally considered to counsist

of & supevrposition of aany hipgher-mode surface waves o1 group velo-

cities near 3.5 kmsa, and its radiation is therefore expected to be
more isotvropilce than that of P owaves. Thus, {ull azimuthal coverape is
not essent ial for reliable determination of Lg mapnitude. Furtherrore,

Leg i< not aftfec - d by faterva] heterogeneisies in the upper mantle
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have assessed the eftects of introducing station coriections for
individual array elements and epicentral distance corrections in the
estimation procedure. The precision in the estimates has been investti-
sated taking into account the signal-to-noise ratios, and a comparative

analysis ot NORSAR and Gritenberg Lg measurements has been carried out.

Data sources

The NORSAR array {Bungum, Husebye and Ringdal, 1971) was established in
1970, and originally comprised 22 subarrays, deployed over an area of
100 km diameter. Since 197¢ the number of operational subarrays has
heen 7, comprising altogether 42 vertical-component SP sensors (type
HS-10). 1n this paper, analysis has been restricted to data from these
7 subarravs. Sampling rate for the NORSAR SP data is 20 <amples per

second, and 11 data are rccorded on digital magnetic tape.

The Grafenberg array (Harjes and Seidl, 1978) was established in 1970,
and today comprises 13 broadband seismometer sites, thive of which ave
3-component systems. The iustrument responsc is flat to welocity from
onout 20 second period to 5 Hz. Sampling rate is 20 samples per second

and the data are recovrded on digital magnetic tape.

The location of NORSAR and firafenberg relative to Semipalatinsk is
shown in Fig. VII.6.1l, where also the propagation p.aths to the iwo

arrays are indicated.

Based on 1SC and NEIC reporis, a total of 94 cwvints, presumed to beo
nuclear explosions at the Shagan River avea, have been selected as a
data base., The time span is from 1965 to Septeaber 14, 1988, when the
seccend Joint Verification Experiment (JVE) explosicn was carried out.
Table VII 6.1 lists the dates of these events together with pertinent

measurcments discussed later in the text.




Data analysis
All evailable recordings from NORSAR and GRF have been analyzed for the
event set of 94 Shagar River explosions, using the procedure described

by Ringdal and Hokland (1987).

Briefly, this procedure comprises filtering all arvay channels with a
0.6-3.0 Hz bandpass filter. computing RMS value of each filtered trace
in a 2-minute Lg windew (starting 12 min after P onset for NORSAR, 14
min for GRF). and comrvensating for background noise preceding P-onset.
The Lg magnitude is then estimated by logarithmic averaging across each

rra.

The total number of available vecordings with sufficient signal -to-
noise ratio to allow veliable Lg measurement was 70 for NORSAR

(starting in 1971) and 60 for GRF (starting in 1976).

while the NORSAR arrav configuration has heen stable over the time
period considered, il GRF array initiallv conprised onlv the four
instrurents Al - A4, .ad was latet expanded to its fuwll configuration
of 13 sites. In order ro reduce as far as pos<ible the hias due to
charging avvay confiparations, we have therefore computed station
corrections for each individial ¢RF sen-or (Table VII.6.2) and applicd
these in the arr.ov aviraging procedure. A similar set of corrections
for NORSAR are listed in Table VIL.6.3. In practice, the introduction
of station correctiocu: hss made little difference for the NORSAR

magritude estimares, but had a significant effect for GRF.

The eifects of epicent. al distance ditfevrences on the Le wagnitude
estimates have also boeon ausesqod. The distance correction BOAY is

determined through (Nrti1]i. 1986b):
HIOA) fain, /101y 7 .4in(/\,(),/111)|1/.’) Coexply(A-fgy ]
bp 1s the distance (Im' (o a {ixed reference location within tlie

epicentral area (foy Semipalarinsk we have used 509N, 49°E) and A is

the dir arov (ke ta the event., y is the coefficient of anelasti-

S
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attenuation. We have used v = 0.001 km'l, which is near the value
obtained by Nuttli (1986b) for 1 second Lg waves for paths from
Semipalatinsk to Scandinavian stations. Note that a very accurate value
of v is not required when considering a limited source vegion, as the
effects of small variations in this parameter on the resulting my(Lg)

values are negligible.

The Lg magnitudes at NORSAR and GRF of events in the data bhase are
listed in Table VIT.6.1. Since thecse estimates take into account both
station terms and epicentral distance corrections, they are slightly
different from values published earlier, but nevertheless in good

agreement.

Table VII.6.1 also contains estimated standard deviations of the Lg
magnitudes, taking into account both the scattering across each arrav.,
the signal-to-noise ratios and the variance reduction obtained by the
averaging procedure (see Appendix). We emphasize thut these standard
deviations are indicative only of the precision of measurement, and
should not be interpreted as being representalive of the accuracy of
these magnitudes as source size estimators. We note that magnitudes of
the larger explosions may be measured with very high precision, whercas
the uncertainty is greater for the smaller events. due to the lower
signal-to-noise ratios. It is also cledr that the NORSAR-based
estimates are more precise than those using GRF data, especially for

¢vents for which full GRF array rvecordings are not available.

Fig. VIT.A.2 shows a scatter plot of NORSAR versus ¢RF misnitudes tor
all common events. The straight line represents a loast squares it to
the data, assuming no errovs in NORSAR magnitudes. We note that the

two arrays show excellent consistency, although theve is some iucrease
in the scattering at low magnitudes. The standard Jcviation of the
differences relative to the least squares fit is 0,045 magnitude

units, Also there is no significant separation between events from NF
and SV Shagarn with regard to the relative Lg magnitudes observed at the

two arrays.



In Yig. VI1.6.3 a similar plot is shown, including only “"well-recorded"
events, i.e., requiring at least 5 operational GRF channels and a
standard deviation e¢f each array estimate not exceeding 0.04 magnitude
units. The slope of the straight line fit has been restricted to the
same value (1.1%) as in Fig. VI1.6.2. We note that there is a sig-
nificant veduction in the scatter, and the standard deviation of the
residuals is only 0.032 magnitude units. Thus the Lg magnitudes
measured at the two rrays show excellent consistency for high signal-

to-noise ratio events,

The slope (1.15% of the straight-line fit in Fig. VII1.6.2 is slightly
greater than 1.00, a tendency also noted by Ringdal and Fyen (1988):
The interpretation of this observation is somewhat uncertain; a
possible explanation is scaling differences in the Lg source spectrum
(Kverna and Ringdol, 1988). in combination with the response dif-
ferences of the YORSAR and GRF instruments. We have attempted to
compare the two data sets after adjusting the GRF recordings to a
NORS5AR-type response. However, the results were inconclusive since th.

GRF sigral-to-noise ratio then became too low for the smaller events.

Fig. VII.6.4 illustrates the pattern of P-Lg bias in the Shagan Rivw:
area, using my, values computed at Blarknest (Marshall, personal
communication) together with combined NORSAR/GRF Lg magnitudes. The
latter have been derived by adjusting the GRF magnitudes to an
"equivalent" NORSAR v.lue using the straight-line relatrion of Fig.
VII.6.3, and then calculating a weighted avevage using the inverse
variances (Table VI1.6.1) as weighting factors. Fig. VIT.6.4 includes
all events of m¢ip) > 5.6, assuming cither two-array ohservations or

very precise Lg measarcements from one avray (o < 0.04) .

Although both tle m, ~alues and the i.p magnitudes have been revised
relative to those used in earlier studies, Fig. VI1.6.4 confirms the
observations previously made regarding the systematic difference
between P-lg residuals from NE and SW Shagan. In the NE area, m (P ic
generally lower than m(Lg), whercas the opposite behavior is seen in

the SW portion. 'the JVE explosion of 14 September 1988 has a P-Lg bias

)



of 0.06 which is close to the average for the SW region. Furthermore,
theve appears to be a transition zone between the two portions of the

rest site, where the residuals are close to zero.

Conclusions

From this and previous studies, we can conclude that the Lg RMS
estimation methods provide very stable, mutually consistent results
when applied to two widely separated arrays (NORSAR and GRF). This is
of clear significance regarding the potential use of such Lg measure-
ments for yield estimation. Further research will be dirccred toward
expanding the data base by conducting similar studies using other
available station data as well as studying Lg recordings from ocher
test sites. In particular, seismic data that might become available
from USSR stations in the tuture would be of importance hoth ir furtier
assessing the stability of the estimates and to ohtaiun Ly magnitudes

for explosions of low yields.

. Ringdal
J. Fven
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No. ORIGIN ORIGIN MB *%%* NORSAR **** *kkkkt GRE *wwix
DATE TIME M(LG) N  STD M(LG) N STD

1 01/15/65 5 59 58 5.8 - - - - - -

2 06/19/68 5 05 57 5.4 - - - - - -

3 11/30/69 3 32 57 6.0 - - - - - -

4 06/30/71 3 56 57 5.2 - - - - - -

5 02/10/72 5 02 57 5.4 - - - - - -

6 11/02/72 126 57 6.1 6.116 42 0.014 - - -

7 12/10/72 4 27 7 6.0 6.115 42 0.009 - - -

8 07/23/73 1 22 57 6.1 6.195 40 0.006 - - -

9 12/14/73 7 46 57 5.8 5.866 42 0.633 ~ - -
10 04/16/74 5 52 57 4.9 - - - ~ - -
11 05/31/74 3 26 57 5.9 - - - - - -
12 10/16/74 6 32 57 5.5 5.409 42 0.024 - - -
13 12/27/74 S 46 56 5.6 5.711 42 0.056 ~ - -
14 04/27/75 5 36 57 5.6 5.547 42 0.057 - - -
15 06/30/75 3 26 57 5.0 - - - - - -
16 10/29/75 4 46 57 5.8 5.628 42 0.046 - - -
17 12/25775 5 16 57 5.7 5.794 42 0.035 - - -
18 04/21/76 5 257 5.3 - - - - - -
19 06/09/76 3 257 5.3 5.200 42 0.089 - - -
20 07/04/76 2 56 57 5.8 5.811 42 0.009 5.785 4 0.024
21 08/28/76 2 56 57 5.8 5.734 41 0.013 5.654 3 0.052
22 11/23/76 5 02 57 5.8 - - - 5.794 3 0.057
23 12/07/76 4 56 57 5.9 - - - 5.702 3 0.088
24 05/29/77 2 56 57 5.8 5.673 41 0.035 5.570 3 0.038
25 06/29/77 3 6 58 5.3 5.031 40 0.110 ~ - -
26 09/05/77 3 257 5.8 5.893 40 0.017 5.768 3 0.03¢6
27 10/29/77 3 7 2 5.6 5.788 41 0.043 5.685 3 0.041
26 11/30/77 4 06 57 6.0 - - - 5.716 3 0.041
29 06/11/78 2 56 57 5.9 5.750 39 0.029 5.724 4 0.039
30 07/05/78 2 46 57 5.8 5.795 39 0.010 - - -
31 08/29/78 2 37 6 5.9 6.009 39 0.008 6.001 6 0.022
32 09/15/78 2 36 57 6.0 5.908 38 0.018 - - -
33 11/04/78 5 5 57 5.6 5.672 39 0.088 5.624 6 0.080
34 11/29/78 4 33 2 6.0 5.969 39 0.013 5.828 2 0.075
35 02/01/79 4 12 57 5.4 - - - - - -
36 06/23/79 2 56 57 6.2 6.056 21 0.009 6.113 4 0.021
37 07/07/79 3 46 57 5.8 5.968 38 0.008 5.940 7 0.021
38 08/04/79 356 57 6.1 6.101 39 0.008 6.106 9 0.015
39 08/18/79 2 51 57 6.1 - - - 6.138 7 0.017
40 10/28/79 3 16 56 6.0 6.054 34 0.010 6€.050 8 0.023
41 12/02/79 4 36 57 6.0 5.916 28 0.021 5.949 10 0.025
42 12/23/79 4 56 57 6.2 - - - 6.042 9 0.021
43 04/25/80 3 56 57 5.5 - - - - - -
44 06/12/80 3 26 57 5.6 - - - 5.575 11 0.105
45 06/29/80 2 32 57 5.7 5.680 16 0.026 5.744 8 0.046
46 09/14/80 2 42 39 6.2 - - - - - -
47 10/12/80 3 34 14 5.9 5.927 28 0.013 5.938 13 0.034
48 12/14/80 347 6 5.9 5.931 28 0.018 5.948 10 0.027
49 12/27/80 4 9 8 5.9 5.936 27 0.014 5.886 11 0.034
) 03/29/81 4 350 5.6 5.555 28 0.08% 5.439 11 0.1lg4

Table VI1.6.1. List of presumcd explosions at the shapar River test

#rea near Semipalatinsk, USSR. The m, values are thosc published in the
1SC bulletins for events prior to 1986, and are othcrwise taken ftrom
NEIC/PDE rveports. NORSAR and Grafenberg Lg RMS magnitudes ave given for
all events with available recordings of sufficient signul-to-noise
ratio. The number of data chanuels used and the estimated precision of
miasuremerts (see Appendix) are given for each magnitnde value. (Page 1
of ).




No. ORIGIN ORIGIN MB  ¥*%% NORSAR **** *xxkk GRF *xaxx
DATE TIME M(LG) N  STD M(LG) N  STD
51 04/22/81 117 11 6.0 5.907 28 0.022 5.956 11 0.027
52 05/27/81 3 5812 5.5 5.456 27 0.023 - ~ -
53 09/13/81 217 18 6.1 6.114 29 0.008 6.109 9 0.015
54 10/18/81 357 2 6.1 5.984 34 0.010 5.956 9 0.021
55 11/29/81 335 8 5.7 5.545 28 0.121 5.512 12 0.192
56 12/27/81 343 14 6.2 6.071 34 0.009 6.050 9 0.021
57 04/25/82 323 5 6.1 6.078 35 0.008 6.069 10 0.017
58 07/04/82 117 14 6.1 - - ~ - - -
59 08/31/82 131 0 5.3 - - - - - -
60 12/05/82 33712 6.1 5.988 31 0.019 6.001 13 0.020
61 12/26/82 33514 5.7 5.655 39 0.080 5.598 13 0.067
62 06/12/83 2 36 43 6.1 6.073 25 0.009 - - -
€63 10/06/83 147 6 6.0 5.867 19 0.033 5.851 11 0.040
64 10/26/83 155 4 6.1 5.999 33 0.021 6.035 11 0.020
65 11/20/83 327 4 5.5 - - - - - -
66 02/19/84 357 3 5.9 5.723 29 0.038 - - -

7 03/07/84 23y 6 5.7 5.695 29 0.065 5.575 12 0.108
68 03/29/84 519 8 5.9 5.899 29 0.012 5.961 13 0.043
69 04/25/84 1 9 3 6.0 5.869 35 0.008 5.804 13 0.031
70 05/26/84 31312 6.0 6.073 33 0.007 6.132 13 0.015
71 07/14/84 1 910 6.2 6.055 32 0.007 6.066 12 0.015
72 09/15/84 6 15 10 4.7 - - - - - -
73 10/27/84 1 5010 6.2 6.082 33 0.011 6.143 13 0.016
74 12/02/84 319 6 5.8 5.881 29 0.020 5.864 12 0.036
75 12/16/84 355 2 6.1 6.046 29 0.010 6.037 13 0.014
76 12/28/84 350 10 6.0 5.982 35 0.009 5.944 13 0.021
77 02/10/85 327 7 5.9 5.801 40 0.024 5.800 13 0.058
78 04/25/85 057 6 5.9 5.859 29 0.045 5.848 7 0.047
79 06/15/85 057 0 6.0 5.976 30 0.009 6.031 13 0.017
80 06/30/85 239 2 6.0 5.928 30 (.009 5.905 12 0.016
81 07/20/85 0 53 14 5.9 5.858 37 0.013 5.867 12 0.031
82 03/12/87 1 57 17 5.5 5.215 33 6.076 - - -
83 04/03/87 117 8 6.2 6.051 33 0.008 6.126 11 0.017
84 04/17/87 1 31 4 5.0 5.898 33 0.020 5.912 12 0.026
85 06/20/87 053 4 6.1 5.968 36 0.007 5.943 10 0.028
86 08/02/87 058 6 5.9 - - - 5.856 11 0.022
87 11/15/87 331 6 6.0 5.973 37 0.008 5.983 13 0.022
88 12/13/87 321 4 6.1 6.091 31 (.010 6.066 12 0.015
89 12/27/87 35 4 6.1 6.046 31 0.011 6.032 13 0.019
90 02/13/88 3 5 5 6.1 6.042 26 0.009 6.047 13 0.029
91 04/03/88 133 5 6.1 6.067 31 0.007 6.076 13 0.014
92 05/04/88 057 6 6.1 6.040 31 0.008 6.064 13 0.020
93 06/14/88 227 6 4.9 - - - - - -
94 09/14/88 4 0 0 &.0 5.969 37 0.010 5.970 12 0.04.

Table VIT.6,1.

(Pape 2 of 7;




CHANNEL BIAS N STD
NO

1 0.15 24 0.029

2 0.15 31 0.031

3 0.19 24 0.042

4 0.08 19 0.034

5 0.01 12 0.046

6 -0.11 18 0.030

7 0.01 16 0.041

8 0.09 15 0.036

9 ~0.09 19 0.039

10 -0.15 13 0.024

11 ~0.04 7 0.033

12 -0.17 12 0.039

13 ~0.12 14 0.045

Table vI1.6.2. List of station terms (station RMS 1 value minus ar:av

average) for the Grafemberp array. The 13 individual vertical component
seismometers are listed in the sequence Al-4, Bl-5 and Cl-4. The biax
values are based on high signal-to-noise ratio events recorded by at
least 10 channels. The number of obscrvations and the sample standard
deviation is listed for each instrument,




CHANNEL BIAS N STD
NO
1 0.05 49 0.051
2 0.11 31 0.044
3 0.17 23 0.044
4 0.04 6 0.025
5 0.10 45 0.028
6 -0.01 49 0.060
7 0.01 43 0.033
8 0.08 39 0.045
9 -0.01 42 0.029
10 0.13 42 0.036
11 0.00 34 0.047
12 0.05 43 0.042
13 0.03 48 0.038
14 -0.11 48 0.028
15 -0.01 49 0.033
16 -0.01 49 0.035
17 0.03 49 0.032
18 -0.02 45 0.040
19 -0.02 43 0.033
20 -0.01 44 0.043
21 -0.05 45 0.034
22 -0.05 45 0.024
23 -0.03 44 0.049
24 -0.04 46 0.022
25 -0.10 45 0.031
26 0.02 45 0.037
27 -0.07 44 0.027
28 -0.08 45 0.023
29 -0.02 45 0.031
30 -0.02 45 0.038
31 -0.06 42 0.031
32 -0.0: 42 0.025
33 -0.03 41 0.047
34 -0.02 43 0.033
35 -0.04 44 0.029
36 0.01 40 0.055
37 -0.04 21 0.031
38 -0.05 32 0.030
39 0.01 20 0.064
40 -0.01 19 0.046
41 0.02 18 0.036
42 0.05 20 0.0283
Table VII.6.3. List of station tervas (station RMS Ly value minus or

average) for the NORSAR arrav. The 42 individual seismometers ave
listed in the standard sequence (subarravs OIA throuply 06C). The hias
values are based on cvents with hiph signal-to-noise ratio (Ly
magnitude > 5.8). The number of obscrvations and the sample standard
deviation wre liated for each indat runent .
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Fig. VII.6.2. Plot of Cratenberpy (GRF) versus NORSAR (NAOQ) lg

magnitudes tor Shagan River cuploxians. The fipure includes all cowmmor.

events in Table VI[.6.1. Events in the NE and SW parts of Shagan arc
marked as filled squares and oper sgquares, respectivelv., The straight
line (slope 1.15) represents a least squares fit to the data, assumin
no error in NORSAR Lg measurements. The standard deviatiaon ~f the
residuals along rhe vertical axis relative to the straieht line is
D.045, snd the dotted Tines carvespond to plus/minus two oiandard
deviations.
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MAGNITUDE COMPARISON
SHAGAN RIVER EVENTS
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Pig. V11,64, Same as Fig. VI1. 6.2, but showing onlv "woil-recorded

events, f.e.. requiving at least 5 operational GRF chanoe is and a

standard deviation of each array estimate not exceeding .04, The siape

of the straight line has been restricted to the value obtained in Fig.
VIE.6.7. Note that the scatter in the data har been significantly
rediced, and the standard deviation in the vertical direction is onlv
2 042 magnitude units for this data sct.
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Fig., VII.6.4. Plot of P-Lg magnitude residuals (I1SC maximum likeliliooa
minus NORSAR/Grafenberg Lg magnitudes) as a funclion of event location
(Marshall, personal communication) within the Shagan River arca.
Plusses and circles correspond to residuals greater or less than the
average, respectively, with symbol size proportional to the deviation
All events of my(Lg) 2 5.6 for which we have precise locations lave
been included, assuming either two-array observations or very precise
Lg measurcments from one array. The JVE explosion is especially marked.
Note the systematic variation from NE to SW Shavan, with an apparent
transition zone in between.




appendix to Section VIT.6

In this appendix we develop an approximate czpression for the uncer-
tainty in the RMS Lg magnitude estimates described earlier. We first
consider the case of a single sensor measurement, and afterwards

address the array averaging procedure.

Derote by x1(t) the recorded signal in the "Lg window", and assume that
this is composed of a noisc component x5(t) and a signal component

x1/t) as follows:
Xl(t) = Xg(t) + X3(t) (1)

Heve, we assume that the noise component Xp(t) can he modelled ag¢ a
zero-mean random process which is stationary over o time interval loug
enough to include both the Ly window and a suitable noise window
preceding the P ,nset. The signal x3(t) is considered a zero-mean
random process defined in the Lg time window, and being uncorrelated

with Xo(t).
We can thus obtain an estinmate of the mean square vialue X3 of x3(t) by
Xqa = Xy - Xy (2

wheve X1 is the mean square value of X1(t) in the sipnal windos, and )

is the mean square value of X9(t) in the noise window.

The Lg RMS magnitude is then (apart from an additi+ constant)
determined as logjg /?3.

We now make the assumption that the quantitics X; (i=l,...,3) each
follow a lognormal distribution, when considered as random variables.
We emphasize that this assumption, which is reasonable in view of
empirical studies of logarithmic amplitude patterns of signals and

noise, represents an approximation only. Thus, we kuow that the
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difference betwren two lopgnormal variables is usually not another

lognormal variable, but for our purposes this approximation is useful.
We ray thus write (using natural logarithms):

logX; is Nimy, haiz) i=1,....3 3

: > '
Note that using %4o;° 2

;¢ s the variance of logxj corresponds to oj

representing the variance of the log RMS estimate,

The mean and variances of the respective vaviables can then be

expressed by (Aitchicon and Brown., 1969):

3y
, mi4la:7
EX; = e 1 -7d i= 7, 2 (4)
. ) ho; 5
var AL ‘“’L)‘_ & 1) 1 = 1, , D (c))

From eq. ¢?) we furthermore obtain

EX3 = EXy;  FX, (6)

var } =l .':1 +ovar ."(:) k7)

Corbining /) and (/). this leads to the relation:

, 2 ) . D
(B¥) - EX)? - 9% 1)« xp? 00 - e
., .
(EXo)" - ("7 -1 (8)

I I3 ~ - led o
Substituting EXy and FXp; by the observed values Xy and Xy, respec-

tively, and assuming small values of o5 (1 : 1,...,3) we obtain tyrom

(8) the following simplified velation:



(9

which represents an approximate expression for the variance of 1ogJX3f
Note that (9) is developed using natural logarithms, it applies without

change if base 10 logarithms are used throughout.

Although we have used a number of simplifications in arriving at (9),
simulation experiments using randomly generated distributions have
shown that this formula gives a useful approximation to the actual

scatter in the estimates within a reasonable range of puarameter values.

We note that in cases of high signal-to-nrise ratios, (i.e., gl >>‘§3),
we obtain from (9) 032 = 012; thus the noisc variance has no sig-
nificant effect on the Lg magnitude variance. On the other hand, as the
signal-to-noise ratio becomes small, the variance 032 will increase

rapidly.

In the array averagiug procedure, we assume that the tera ”i) is
reduced in proportion to the number of array elements, whereas we

2

consider 09 to represent mainly a systematic noise fluctuation that is

not reduced through array averaging.

A A
Defining the signal-to-noise vatio a by a - X;/N,. .ud denoting by N

the number of urray elements, we thus obtain from ')

(012 : az)/N + 022 (10

(a - 1)2

As a numerical example, consider the JVE explosion (event 94 {n Table
Vil.6.1).

For NORSAR, we have estimated o - 13.12, with N = 27, and we assume

7 ~ 0.04, op ~ 0,08, Formula (10) then gives o3 = ©.010.
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For GRF, we have a = 3.03, with N = 12, and the same input ¢ values as
above then give o3 = 0.043. Thus, the estimated uncertainty of the GPF¥
Lg magnitude is considerably greater than that of NORSAR, the main

reason being the lower signal-to-noise ratio for GRF.

Reference

Aitchison, J. and J.A.C. Brown (1969): The LLognormal Distribution,
Cambridge Univerwity Press, UK.
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of the straight line has been restricted to the value obtained in iy,
VII.6.?2. Note that the scatter in the data har been significant

redaced, and the standard deviation in the vertical direcrion is onlx
V.032 magnitude units for this data sct.
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average, respectively, with symbol size proportional to the deviation
All events of my(Lg) = 5.6 for which we have precise locations have
been included, assuming either two-array observations or very precise
Lg measurements from one array. The JVE explosion is especially marked.
Note the systematic variation from NE to SW Shacan, with an apparent
transition zone in between.
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