Royal Norwegian Council
for Scientific and Industrial Research
(NTNF)

NORSAR Scientific Report No. 1-90/91

Semiannual Technical Summary

1 April — 30 September 1990

Kjeller, November 1990

APPROVED FOR PUBLIC RELEASE, DISTRIBUTION UNLIMITED




7.3 Generalized beamforming using a network of four re-
gional arrays

The generalized beamforming method (GBF) for automatic phase association
and event location (Ringdal and Kvaerna, 1989) has now been implemented for
processing of data from the four regional arrays, ARCESS, FINESA, GERESS
and NORESS. This method works from a list of phase detections for each
array. For a large set of hypothetical event locations, GBF searches for a
pattern of detections that fit the theoretically expected phase arrivals from
the hypothetical locations. When a group of matching detections is found,
the event location having the best fit to the data is chosen as the most likely
epicenter.

In the following we present a brief report on our initial experience from
applying GFB experimentally to the four-array network during a continuous
five-day period.

Data analysis

A total of 600 beam grid points with an average separation of 150 km
is used to span the geographical area of interest (see Fig. 7.3.1). This grid
represents the initial (coarse) set of test locations, and whenever a match is
found, a beampacking algorithm with a much denser grid is applied to refine
the locations.

The GBF output from a typical 12-hour period is given in Table 7.3.1.
For each associated event, the table lists the individual phase detections that
either have defined the event or been associated as coda phases (p or s). Phase
attributes (SNR, apparent velocity, dominant frequency, etc.) are also listed
for each entry.

From Table 7.3.1 we find that the majority of the events are observed by
one array only, whereas larger events have phase observations at two or more
arrays. This is consistent with earlier studies of two-array and three-array
networks.

It is interesting to notice that the incorporation of data from GERESS en-
ables us to obtain more reliable event locations for events in northern Europe,
as seen for the event in Poland with origin time 292:21.57.40 and epicenter
location 51.70°N, 15.68°E. This event is presumed to be a rockburst in the
Lubin mining area, and the location estimate is very close to that site.

In order to evaluate the performance of the method, we have analyzed
GBF results from five consecutive working days (10/22/90 — 10/26/90). The
results can be summarized as follows:
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1. Several hundred regional events were associated, where the large major-
ity were detected by one array only.

2. A total of 37 events had four or more associated phase detections, and
the corresponding locations are shown in Fig. 7.3.2. After inspection
we found that all but one of these events were properly associated and
located. From Fig. 7.3.2 we see that the large majority of these events
are located in the active mining areas of western USSR. We also notice
a precise location of a nuclear explosion at Novaya Zemlya.

3. The occurrence of incorrect phase associations increases when we allow
fewer than four phases to define an event.

Future work

From inspecting phase attributes, the analyst can in many cases identify
erroneous phase associations based on inconsistencies among parameters like
epicentral distance, apparent velocity and dominant frequency. Our next step
will be to compile statistics on such attributes and make this kind of informa-
tion available to the GBF program for use in the automatic computations.

We have also found that there is a need to refine the travel time models and
also to improve the estimation of onset time for the different phase detections.
Thereby, the automatic event locations will become even more precise.

Dynamic consistency checks using thresholds computed by the threshold
monitoring method are also expected to help in identifying and removing un-
likely phase associations. This will be particularly important at the time when
detection data from the two three-component systems in Poland will be incor-
porated into GBF.

T. Kvzerna
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origin time Lat Lon Azres Timres Wres
1990-292:12.00.03.0 59.80 27.26 3.65 2.71 3.63
Sta Dist Az Ph Time Tres Azim Ares
FIN 194.4 160.1 Pn 12.00.33.3 -0.6 155.1 -5.0
FIN 194.4 160.1 Sn 12.01.07.3 7.1 162.3 2.2
NRS 874.8 90.0 Pn 12.01.57.9 0.3 86.2 ~3.8
origin time Lat Lon Azres Timres Wres
1990-292:12.04.36.0 50.50 12.11 0.58 0.43 0.58
Sta Dist Az Ph Time Tres Azim Ares
GER 217.0 328.6 Pn 12.05.09.5 -0.6 327.6 -1.0
GER 217.0 328.6 p 12.05.17.1 335.9 7.3
GER 217.0 328.6 s 12.05.30.5 330.1 1.5
GER 217.0. 328.6 Lg 12.,05.37.0 0.2 2328.5 -0.1
origin time Lat Lon Azres Timres Wres
1990-292:12.06.12.0 59.50 24.04 3.52 0.32 1.20
Sta Dist Az Ph Time Tres Azim Ares
FIN 244.1 208.2 Pn 12.06.48.9% -0.6 203.1 -5.1
FIN 244.1 208.2 Lg 12.07.20.2 -0.1 206.2 -2.0
NRS  708.0 95.7 Lg 12.09.29.8 -0.2 99.1 3.4
NRS 708.0 95.7 s 12.09.32.7 96.0 0.3
origin time Lat Lon Azres Timres Wres
1990-292:12.08.49.0 59.20 27.52 2.89 0.35 1.07
Sta Dist Az Ph Time Tres  Azim Ares
FIN 262.6 161.7 Pn 12.09.28.8 0.0 157.8 -3.9
FIN 262.6 161.7 Lg 12.10.03.1 0.7 159.8 -1.9
origin time Lat Lon Azres Timres Wres
1990-292:12.28.03.0 67.60 32.68 2.05 1.11  1.83
Sta Dist Az Ph Time Tres  Azim Ares
ARC  363.9 123.0 Pn 12.28.56.4 1.1 121.8 -1.2
ARC 363.9 123.0 p 12.29.04.5 125.5 2.5
ARC  363.9 123.0 Sn 12.29.35.2 ~1.8 118.3 -4.7
ARC 363.9 123.0 Lg 12.29.44.3 -0.4 122.8 -0.2
ARC 363.9 123.0 s 12.29.47.5 125.3 2.3
Oorigin time Lat Lon Azres Timres Wres
1990-292:12.28.38.0 50.20 14.30 1.97  3.22 3.72
sta Dist Az Ph Time Tres  Azim Ares
GER 156.8 15.7 Pg 12.29.04.3 1.0 16.6 0.9
GER 156.8 15.7 Rg 12.29.22.5 -8.7 12.3 -3.4
NRS 1186.2 170.4 Sm 12.33.08.1 0.1 172.0 1.6
NRS 1186.2 170.4 s 12.33.12.3 173.7 3.3
origin time Lat Lon Azres Timres Wres
1996-292:12.30.18.0 50.80 12.59 8.90 4.50 6.72
Sta Dist Az Ph Time Tres Azim Ares
GER  231.8 340.2 Pn 12.30.55.6 1.6 325.8 -14.4
GER 231.8 340.2 Lg 12.31.11.1 -11.8 330.2 -10.0
NRS 1108.7 176.2 Pn 12.32.40.9 -0.1 173.8 -2.4
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Table 7.3.1. GBF output from a typical 12-hour period. For each associated
event, the table lists the individual phase detections that either have defined
the event (Pn, Sn, Lg, Rg) or been associated as coda phases (p or s). Phase
attributes (SNR, apparent velocity, dominant frequency, etc.) are also listed

for each entry. (Page 1 of 3)
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Oorigin time Lat Lon
1990-292:12.31.08.0 56.20 26.39
Sta Dist Az Ph Time
FIN 584.9 178.1 Pn 12.32,28.5
FIN 584.9 178.1 P 12.32.56.1
FIN 584.9 178.1 Sn 12.33.24.0
NRS 1000.7 113.8 Lg 12.35.55.0
GER 1185.3 41.6 Pn 12.33.39.4

origin time Lat Lon
1990-292:12.31.45.0 67.60 33.47
Sta Dist Az Ph Time
ARC 390.1 119.8 Pn 12.32.40.0
ARC  390.1 119.8 p 12.32.46.3
ARC  390.1 119.8 p 12.32.50.5
ARC  390.1 119.8 Sm 12.33.21.4
ARC 390.1 119.8 Lg 12.33.34.6
ARC 390.1 119.8 s 12.33.39.0
NRS 1302.7 44.8 Pn 12.34.32.1

Origin time Lat Lon
1990-292:12.35.44.0 61.00 29.03
Sta Dist Az Ph Time
FIN 166.4 106.0 Pn 12.36.09.8
FIN 166.4 106.0 Lg 12.36.29.2
FIN 166.4 106.0 Rg 12.36.37.7
NRS 948.8 80.6 Pm 12.37.46.5
NRS 948.8 80.6 Lg 12.40.07.4
NRS 948.8 80.6 s 12.40.12.6
ARC 966.4 168.6 Pn 12.37.51.7
ARC 966.4 168.6 Sn 12.39.27.9
ARC 966.4 168.6 Lg 12,40.07.8

origin time Lat Lon
1990~292:13.18.05.0 59.50 27.85
Sta Dist Az Ph Time
FIN 237.7 155.0 Pn 13.18.41.7
FIN 237.7 155.0 sSn 13.19.12.4

origin time Lat Lon
1990-292:13.36.54.0 59.50 24.83
sta Dist Az Ph Time
FIN 227.4 198.1 Pn 13.37.30.0
FIN 227.4 1% 8.1 Lg 13,37.56.3
NRS  750.8 94.7 Lg 13.40.24.1

Origin time Lat Lon
1990-292:13.49.09.0 60.40 29.68
Sta Dist Az Ph Time
FIN 227.6 119.2 Pn 13.49.44.1
FIN 227.6 119.2 s 13.50.06.4
FIN 227.6 119.2 Lg 13.50.12.1

origin time Lat Lon
1990-292:14,24.30.0 57.40 6.13
Sta Dist Az Ph Time
NRS 484.2 222.2 Pn 14.25.36.3
NRS 484.2 222.2 Lg 14.26.44.9
NRS 484.2 222.2 s 14.26.47.9
GER 1077.6 334.9 Sn 14.28.39.2

origin time Lat Lon
1990-292:14.33.35.0 48.40 30.42
Sta Dist Az Ph Time
FIN 1478.5 167.3 Pn 14.36.43.0
NRS 1825.2 130.3 Pn 14.37.24.7

Table 7.3.1. (Page 2 of 3)

Azres Timres Wres
11.07 3.89 6.66
Tres Azim Ares
1.2 155.4 -22.7
185.0 6.9
-6.4 180.3 2.2
7.1 99.4 -14.4
~0.9 46.6 5.0
Azres Timres Wres
2,34 1.17 1.75
Tres Azim Ares
~0.5 122.5 2.7
121.6 1.8
117.8 -2.0
-3.,2 124.8 5.0
0.4 118.2 -1.6
120.4 0.6
0.5 44.7 -0.1
Azres Timres Wres
4.27 2.23 3.29
Tres Azim Ares
-1.1 117.9 11.9
-1.3 102.0 -4.0
-2.7 111.3 5.3
-1.0 83.3 2.7
-2.0 80.5 -0.1
77.5 -3.1
2.0 169.2 0.6
1.2 162.5 -6.1
-6.5 172.0 3.4
Azres Timres Wres
0.83 0.19 0.39
Tres Azim Ares
0.0 154.4 -0.6
0.3 153.9 -1.1
Azres Timres Wres
7.98 0.66 2.66
Tres Azim Ares
0.6 191.0 ~-7.1
-1.4 193.0 -5.1
0.0 83.1 ~-11.56
Azres Timres Wres
1.23 0.47 0.77
Tres Azim Ares
-0.4 118.6 -0.6
121.2 2.0
-0.6 117.3 -1.9
Azres Timres Wres
10.65 1.13 3.79
Tres Azim Ares
-0.8 211.3 -10.9
-0.5 224.7 2.5
221.6 -0.6
2.1 353.5 18.6
Azres Timres Wres
5.87 0.22 1.69
Tres Azim Ares
0.0 155.6 -11.7
~-0.4 130.3 0.0
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Oorigin time

1990-292:14.44.52.0

sta Dist

Az

ARC 766.1 130.0

ARC 766.1

130.

origin time

1990-292:14.56.29.0

Sta Dist
GER 164.9
GER 164.9

Az

316.
31s6.

Origin time

1990-292:15.59.44.0

sta Dist

Az

0

0
0

NRS 171.7 184.5
NRS 171.7 184.5

Origin time

1990-292:16.09.58.0

Sta Dist
GER 171.9
GER  171.9

Az

300.
300.

Origin time

1990-292:20.46.18.0

sta Dist
FIN 244.7
FIN 244.7

Az

252.
252.

origin time

1990-292:21.57.40.0

Sta Dist
GER 347.5
GER 347.5
GER 347.5
GER 347.5
GER 347.5
NRS 1038.4
NRS 1038.4
NRS 1038.4
FIN 1256.7
FIN 1256.7

Az

23.
23.
23.
23.
23.
163.
163.
163.
215.
215.

oriqgin time

1990-292:23.36.38.0

Sta Dist Az
ARC 288.7 233.4
ARC 288.7 233.4
ARC 288.7 233.4
ARC 288.7 233.4
ARC - 288.7 233.4
FIN 776.3 340.7
NRS 896.3 23.3
origin time
1990-292:23.42.32.0
sta Dist Az
ARC 335.7 224.6
ARC  335.7 224.6
ARC 335.7 224.6
ARC  335.7 224.6
ARC 335.7 224.6
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Lat Lon Azres Timres Wres
64.60 37.82 4.45 0.29 1.41
Ph Time Tres Azim Ares
Pn 14.46.32.8 -0.5 131.8 1.8
Sn 14.47.52.6 0.1 122.9 -7.1
Lat Lon Azres Timres Wres
49.90 12.11 4.25 0.48 1.54
Ph Time Tres Azim Ares
Pn 14.56.55.2 -0.4 310.5 -5.5
Lg 14.57.15.7 0.6 319.0 3.0
Lat Lon Azres Timres Wres
59.20 11.31 2.60 0.52 1.17
Ph Time Tres Azim Ares
Pn 16.00.11.8 0.2 185.3 0.8
Sn 16.00.34.5 ~-0.8 180.1 -4.4
Lat Lon Azres Timres Wres
49.60 11.64 5.55 0.29 1.68
Ph Time Tres Azim Ares
Pn 16.10.25.2 -0.5 289.5 -10.5
Lg 16.10.46.0 -0.1 300.6 0.6
Lat Lon Azres Timres Wres
60.70 21.82 5.40 0.43 1.78
Ph Time Tres Azim Ares
Pn 20.46.55.3 -0.3 261.7 9.6
Sn  20.47.27.1 0.5 253.2 1.1
Lat Lon Azres Timres Wres
51.70 15.68 4.23 1.70 2.75
Ph Time Tres Azim Ares
Pn 21.58.30.3 0.0 29.3 6.1
P 21.58.38.2 25.0 1.8
P 21.58.43.8 25.6 2.4
Lg 21.59.25.2 8.0 26.2 3.0
s 21.59.38.5 29.8 6.6
Pn 21.59.54.8 0.4 166.3 2.4
p 22.00.04.8 162.3 -1.6
Sn 22.01.38.5 -0.4 167.9 4.0
Pn 22.00.21.3 0.3 217.4 2.4
Sn  22.02.26.0 1.1 207.5 ~-7.5
Lat Lon Azres Timres Wres
67.90 19.99 7.23 2.29 4.09
Ph Time Tres Azim Ares
Pn 23.37.20.6 -0.4 225.4 ~8.0
P 23.37.25.5 221.6 -11.8
P 23.37.46.9 221.7 -11.7
S5n 23.37.53.4 -2.5 227.8 -5.6
Lg 23.38.03.4 4.7 225.3 -8.1
Lg 23.40.11.7 ~-3.4 346.2 5.5
Pn 23.38.34.8 -0.4 32.3 9.0
Lat Lon Azres Timres Wres
67.30 20.04 1.54 2.52 2.90
Ph Time Tres Azim Ares
Pn 23.43.21.2 0.4 225.2 0.6
P 23.43.23.5 220.3 ~4.3
P 23.43.32.7 226.8 2.2
Sn 23.43.53.8 -6.2 225.5 0.9
Lg 23.44.06.9 1.0 221.5 -3.1
3 0of3)

Table 7.3.1. (Page
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Initial beam grid
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Fig. 7.3.1. Initial beam grid used by the generalized beamforming method
when processing data from four regional arrays. ARCESS, FINESA, NORESS
and GERESS are marked with solid triangles.
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Events located by two or more arrays
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Fig. 7.3.2. Events located by GBF having four or more associated phase
detections. The data cover the five-day period 22-26 October 1990. Out of
a total of 37 events, 12 were located by two arrays, 22 by three arrays and 3
by four arrays. The four regional arrays, ARCESS, FINESA, NORESS and
GERESS, are marked with solid triangles.
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