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INTRODUCTION

The Alaska Volcano Observatory (AVO), a cooperative program of the U.S.
Geological Survey, the Geophysical Institute of the University of Alaska, Fairbanks, and
the Alaska Division of Geological and Geophysical Surveys, has maintained a program of
seismic monitoring at potentially active volcanoes in the Cook Inlet region since 1988.
The principal objectives of this program include the seismic surveillance of the Cook Inlet
volcanoes and the investigation of seismic processes associated with active volcanism.
This catalog reflects the status and evolution of the seismic monitoring program, and
presents the basic seismic data for the time interval January 1, 1991, to December 31,
1993. For an interpretation of these data the reader should refer to several recent articles
on volcano related seismicity in the Cook Inlet region (e.g. Jolly and others, 1994; Power
and others, 1995; and McNutt and others, 1995). A similar catalog covers the period
from October 12, 1989 to December 31, 1991 (Power and others 1993).

The AV O seismic monitoring program has undergone significant changes during the
catalog period. The changes included 1) new seismic stations placed at Mount Spurr and
Redoubt Volcano, resulting in increased earthquake detection capability and improved
earthquake locations, 2) the addition of several regional stations to the seismic data
acquisition system which improved location quality near the volcano and enhanced our
ability to scale eruptions and measure magnitudes of the largest volcanic earthquakes, 3)
installation of a new event detection algorithm XDETECT (Rogers, 1993), which offered
increased data collection capabilities , 4) modifications to the earthquake location program
HYPOELLIPSE (Lahr, 1989) which now allows distinct velocity models and station
corrections at each volcanic center, and 5) the addition of seismic stations at Augustine
and Iliamna volcanoes to the data acquisition/location system.

The 1992 eruptions at Mount Spurr’s Crater Peak vent provided the highlight of the
catalog period. The crisis included three sub-plinian eruptions, which occurred on June
27, August 18, and September 16-17, 1992. The three eruptions punctuated a complex
seismic sequence which included volcano-tectonic (VT) earthquakes, tremor, and both
deep and shallow long period (LP) earthquakes. The seismic sequence began on August
18, 1991, with a small swarm of volcano-tectonic events beneath Crater Peak, and spread
throughout the volcanic complex by November of the same year. Elevated levels of
seismicity persisted at Mount Spurr beyond the catalog time period.

INSTRUMENTATION

The Alaska Volcano Observatory maintained and operated 57 seismometers at 46
sites during the catalog interval. The array included 48 vertical component instruments
and 5 sites with vertical and horizontal components. Three sites operated both low and
high gain vertical instruments. The station configuration consisted of a sparse regional
array distributed throughout the Cook Inlet (Figure 1) with three dense subarrays located
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Figure 1. Location of seismic stations (triangles) operated by the Alaska Volcano
Observatory between January 1, 1991 and December 31, 1993. Circles represent
cylindrical models used by AVO in routine processing. Circles 1-5 represent the cylinders
for the Spurr model. Circles 6-14 use the Redoubt model. The southernmost circle 15
uses the Augustine model.



at and near Mount Spurr (Figure 2), Redoubt (Figure 3), and Augustine (Figure 5)
volcanoes. Iliamna volcano (Figure 4) and Douglas volcano were monitored by three and
one seismic station respectively. Geographic coordinates, elevations, and the installation
date of each of the stations are contained in Appendix A. The Spurr array consisted of
six seismic stations (BGL, CRP, CGL ,CKL, NCG, and SPU) at the beginning of the
catalog period. Station CKN began recording August 19, 1991, and station CPK, CPKL
(a co-located, low gain seismometer) began recording October 1, 1991. Station CPK and
CPKL were destroyed during the June 27, 1992, eruption (See Appendix C, page 63).
The station was replaced on September 3rd, 1992 but was again destroyed during the
September 16-17 eruption (Appendix C, Page 66). The CPK site was unoccupiable due
to bench erosion following the September 16-17 eruption, thus a new site about 400
meters west of CPK was established (CP2) on October 23, 1992 (Appendix C, Page 67).
The local array was further augmented by stations CKT on September 16, 1992 and
CPA,CPAE, CPAN (three components) on October 29 1992.

The Redoubt array consisted of 14 seismometers at 11 sites at the beginning of the
catalog period. This array was subsequently augmented with horizontal components and a
low gain component at station REF beginning July 27, 1992. Station DRE, a vertical
component station in the Drift River valley, was not critical to volcano monitoring efforts
and was thus removed.

Two regional stations were added to the AVO monitoring program during the catalog
period. These included stations BKG, located ~40 km south of Spurr and BGR located
~40 km north of Redoubt. These stations, which were added to the array in October
1992, provided improved magnitude determinations for larger volcano-related
earthquakes.

AVO seismic stations in the northern portion of Cook Inlet were maintained by the U.
S. Geological Survey, and in southern Cook Inlet by the Geophysical Institute-University
of Alaska, Fairbanks. Each institution used slightly different field equipment. Stations at
Mount Spurr and Redoubt Volcano use a combination of vertical and horizontal
seismometers with a natural frequency of 1 Hz (Mark Products L-4C), a U.S.G.S.
A1VCO amplifier/voltage controlled oscillator (Rogers and others, 1980), VHF radio
transmitter, antenna, and batteries (which in most cases were float-charged by a solar
panel). Station DRE, located in the Drift River Valley, was an exception as it utilized a
Monitron VCO.

The Augustine and Iliamna nets utilize Teledyne-Geotech S-13 seismometers which
have similar response characteristics to the L-4C ( see Appendix D). Amplifier/voltage
controlled oscillators on Augustine and Iliamna are manufactured by Monitron. Station
AUE was the only exception as it utilized the AIVCO. Augustine and Iliamna stations
generally transmitted on VHF radio frequencies. Exceptions include stations AUW, AUH,
and AUP which have UHF transmitters. Signals from all stations are relayed to radio
receivers and telemetered via frequency-multiplexed phone lines to the AVO offices in
Fairbanks. The locations of seismograph stations operated by AVO between 1991 and
1993 are given in Figure 1 and Appendix A.
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DATA ACQUISITION AND REDUCTION

The seismic data were recorded digitally in event-detection mode on a PC/AT
computer system and in both continuous and in event-detection mode on a Masscomp
computer system in Fairbanks (Alaska Volcano Observatory Staff, 1990). The two event-
detection systems employed different triggering parameters, with the PC/AT system
having greater sensitivity for events in close proximity to the volcanoes. The data were
also recorded on additional PC/AT computers with the Real-time Seismic Amplitude
Measurement (RSAM) system (Murray and Endo, 1989; Endo and Murray, 1991), and a
Seismic Spectral Amplitude Measurement (SSAM) system (Stephens and others, 1994,
Rogers and Stephens, 1995). Helicorder records provided an additional real-time
monitoring tool. The data were analyzed with a combination of PC/AT computers and
SUN Workstations. All of these systems are described in detail by March and Power
(1990).

From January 1, 1991 to December 31, 1992 the PC/AT system used the program
MDETECT (Lee and others, 1988) to digitize and record 16 channels of incoming data.
The data acquisition program was subsequently changed to XDETECT (Rogers, 1993),
an improved data acquisition software program, beginning January 1, 1993. The program
XDETECT doubled to 32 the number of channels allowed for recording. The additional
channels allowed AVO to add Augustine Volcano to the routine earthquake location
process. This addition required utilization of XDETECT’s subnet triggering capabilities.

Three subnets were established (Spurr, Redoubt, and Augustine), each with its own event
detection algorithm. Subnet triggering improved event detection capabilities but also
necessitated changes in our filenaming conventions. We adopted a filenaming system
which utilized the numeric date from the PC clock along with a subnet extension (e.g.
9301120515s.). This convention replaced the old alphanumeric filenaming system which
named events only to the nearest date and offered no information about the data’s origin
time (e.g. 9301121b.). The data acquisition system was further augmented beginning
November 17, 1993 by an additional PC/AT system. This system increased AVO’s event
recording capability from 32 to 64 channels and allowed the addition of lliamna Volcano
to routine processing.

Event detection triggers were visually inspected on a computer screen and classified
as (a) volcano-tectonic earthquake, (b) a long-period event, (c) an explosion event, (d) a
regional tectonic earthquake, (e) a teleseismic event, (f) or a non-seismic event. If an event
was classified as either a volcano-tectonic or long-period event and had four or more
distinct phases at three or more stations, it was selected for location. The initial
examination on the computer screen, event classification, the determination of P and S
arrival times, direction of first motion, and the period and amplitude of the maximum
recorded signal were determined using the program XPICK (Robinson, 1990).
Earthquake hypocenters and magnitudes were calculated using the program
HYPOELLIPSE (Lahr, 1989). Computed magnitudes approximate the Richter local
magnitude as outlined by Eaton and others, (1970). Earthquake depths were computed
with respect to sea level, with negative depths corresponding to locations above sea level.



HYPOELLIPSE (Lahr, 1989) reports a number of parameters to help evaluate the
solution quality. These include: RMS (the root mean square residual); SEH (the 68
percent confidence limit in the least well-constrained horizontal direction); SEZ (the 68
percent confidence limit in depth); GAP (the largest azimuthal separation between stations
measured from the epicenter); NP, the number of P arrivals used in the solution; and NS,
the number of S arrivals used in the solution. More detailed information on these
parameters is given by Lahr (1989) and complete discussion of the earthquake location
process is given by Lee and Stewart (1981).

Earthquake hypocenter determinations contained both systematic and random errors.
Systematic errors result from errors in the velocity model, misidentification of phases, or
systematic timing errors. Systematic errors affect the accuracy of the hypocenter
determination and can be evaluated through controlled experiments such as locating man-
made explosions. Random errors result from timing errors and may be estimated for each
earthquake through the use of standard statistical techniques. Random errors affect the
precision with which hypocenters can be calculated. We estimate the precision of upper
crustal volcano-tectonic events at Spurr and Redoubt to be ~1-2 km in epicenter and 2-3
km in depth (Jolly and others, 1994, Lahr and others, 1994). Augustine seismicity was
probably located with similar precision. Systematic errors are thought to occupy error
bounds at least as large as the randomly introduced errors.

The quality of each solution was checked using a computer algorithm which identifies
those events without magnitude, fewer than three P phases, fewer than one S phase, or
SEH or SEZ greater than 15.0 km. Corrections were made as necessary.

VELOCITY MODELS

Cylindrical velocity models were utilized for each of the monitored volcanoes (Figure
1). Each cylinder was 20 km in radius, began 3 km above sea level, and extended 50 km
below sea level. For earthquakes originating at Mt. Spurr, the velocity model used to
calculate hypocenters is:

LAYER DEPTH P VELOCITY (km/s)  VP/VS (km/s)
(TO TOP OF LAYER)
1 30 5.1 1.81
2 2.0 55 1.81
3 525 6.3 1.74

Depths were referenced to sea level, with negative values reflecting height above sea
level. Below 27.05 km, this model is underlain by a uniform halfspace with P-wave
velocity of 7.2 km/s and VP/VS of 1.78 km/s. Station corrections used with this model
are shown below:



STATION P-DELAY (Seconds) S-DELAY (Seconds)

BGL -0.12 -0.21
BRLK -0.62 -1.20
CGL 0.04 -0.11
CKL 0.07 0.00
CNP -0.44 -0.78
CRP 0.11 0.20
CuT 0.41 0.73
DFR -0.37 -0.77
GHO 0.36 0.00
ILM -0.63 -1.40
KNK -0.85 -0.54
NCT -0.24 -0.66
NKA 2.18 3.88
NNL 1.21 2.15
PME 0.18 0.32
RDN -0.42 -0.69
RDT -0.49 -0.88
RED -0.43 -1.00
SKL -0.20 -0.80
SLV -1.10 -2.00
SPU 0.04 -0.06
SVw 0.00 -0.65

The Spurr model was derived by minimizing the average root-mean-square (RMS)
residual of observed versus computed travel times (Jolly and others, 1994).

At Augustine Volcano the velocity model used was:

LAYER DEPTH P VELOCITY (km/s) VP/VS(km/s)
(TO TOP OF LAYER)
1 -3.00 23 1.80
2 -0.70 2.6 1.80
3 0.00 34 1.80
4 1.00 5.1 1.80
5 9.00 6.3 1.78

This model is based on a three-dimensional velocity model first developed by Doug
Lalla using observed travel times from man-made explosions (Power, 1988). The model
was subsequently modified to accommodate the one-dimensional model required by
HYPOELLIPSE (Lahr, 1989) in routine AVO processing (Jolly and others, 1994). For
the model, depths are referenced to sea level; negative values reflect height above sea
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level. Below a depth of 44 km this model is underlain by a uniform halfspace with P-wave
velocity of 8.0 km/s and a VP/VS ratio of 1.78. No station corrections were determined.

At both Redoubt and Iliamna the velocity model used is:

LAYER DEPTH P VELOCITY (km/s) VP/VS(km/s)
(TO TOP OF LAYER)
1 -3.00 29 1.80
2 -1.70 5.1 1.80
3 1.50 64 1.72

For this model, depths are referenced to sea level; negative values reflect height above
sea level. Below a depth of 17 km, this model is underlain by a uniform halfspace with P-
wave velocity of 7.0 km/s and a VP/VS ratio of 1.78. Station corrections for this model
are shown below:

P-DELAY (Seconds) S-DELAY (SECONDS)
DFR 0.00 -0.10
DRE 0.00 0.00
NCT 0.00 0.06
RDN -0.01 -0.04
RDT 0.00 -0.02
RDTE 0.00 -0.02
RDTN 0.00 -0.02
RDW 0.02 -0.12
REF 0.01 0.01
RED -0.02 -0.05
REDE -0.02 -0.05
REDN -0.02 -0.05
RSO 0.00 -0.05
RS1 0.00 -0.05
RS2 0.00 -0.05

The model and station corrections were developed by Lahr and others (1994) from
earthquakes and man-made explosions near the volcano.

DISCUSSION

Origin times, focal coordinates, magnitudes, and related parameters for 3,938
earthquakes from January 1, 1991 through December 31, 1993 are contained in a file on
the accompanying floppy disk. The data fields for this file are described by Lahr (1989)
under the summary record heading. Spurr and Redoubt volcanoes were monitored
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continuously during the catalog period. During this time 2,776 and 1,092 events occurred
within 30 km of Mt. Spurr and Redoubt volcanoes respectively (Figures 7, 8). The
Augustine subnet was added to the PC/AT location algorithm beginning January 1, 1993.
During the recording period 15 events were located within 10 km of Augustine (Figure 9).
The addition of the lliamna subnet on November, 17, 1993 yielded a single event which
was located within 10 km of the summit. Remaining events in the catalog were located
within the volcanic axis but beyond the monitored volcanic centers. These events are not
representative of the outlying seismicity.
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Figure 6. Time histogram for seismicity located at Mount Spurr, Redoubt, and Augustine
volcanoes.
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Spurr Seismicity

Spurr area seismicity during the catalog period was dominated by the 1992 eruption
at Crater Peak (Figure 6a). Before the eruption, seismicity occurred in distinct clusters
including three clusters near the summit, four clusters located between 10 and 25 km
south of the volcano, and two clusters located about 25 km northeast of the volcano (Jolly
and others, 1994). Background rates of seismicity within and around the volcanic
complex were generally less than 10 locatable events per week. Beginning late August
1991 a sudden rate increase was recorded at the volcano. Routine earthquake locations
isolated the events at Crater Peak (Figure 7), a region which was previously devoid of
seismicity (Jolly and others, 1994). This activity ceased after about two weeks and
seismicity returned to near background levels. In late November, however, unusual
seismic activity resumed when a burst of activity occurred at Spurr summit, Crater Peak
and along the northern rim of Spurr’s caldera. This seismicity continued at elevated levels
until June 5, 1992, when 28 earthquakes were located in a single day (AVO Staff, 1993).
After this date, rates of locatable seismicity dropped noticeably and tremor began. Tremor
activity was sporadic with 1 to 24 bursts per day, each lasting between one and ten
minutes (AVO Staff, 1993). Tremor of extended duration began on June 24 with events
lasting as long as 154 minutes. The occurrence of continuous tremor and a vigorous
swarm of volcano-tectonic earthquakes early on June 27th portended the onset of a sub-
plinian eruption which began at 7:05 am (Alaska Daylight Time) and lasted for
approximately four hours.

Seismicity declined to pre-August background levels following the June 27th
eruption. The period was characterized by light seismicity at shallow depths and the
occurrence of deeper earthquake activity. This deeper seismicity was first observed in
early August 1991 as isolated volcano-tectonic earthquakes. The character of deep
seismicity changed suddenly following the June 27th eruption when both LP and hybrid
event types were observed along with volcano-tectonic events (Power and Jolly, 1994).
The deep seismicity eventually illuminated a linear pipe-like feature beginning at Crater
Peak and extending to the south-east with a plunge angle of about 85 degrees. Within this
pipe, events cluster at mean depths of -2 km, 2 km, 9 km, 17 km, 25 km, and 33 km. The
deepest events were located at ~45 km depth. A less well defined pipe-like structure
with mirror image geometry begins on the north-rim of the caldera and extends about 30
km depth to the north (Figure 6). The occurrence of deep seismicity persisted beyond the
catalog period.

The second of three Crater Peak eruptions occurred on August 18, 1992. This
eruption was preceded by an eruptive event of short duration which began at 3:48 p.m.
ADT and lasted about 16 minutes. The small eruption was followed at 4:42 p.m. ADT by
the main eruptive event which lasted about 3 hours 30 minutes (AVO Staff, 1993).
Seismicity of the volcanic complex increased following the eruption at all depth intervals.

The third and final eruption of the sequence occurred on September 16th and 17th,
1992. The eruption began with a minor event at 10:36 p.m. ADT which lasted about 11
minutes. This event was followed at 12:04 a.m. on the 17th with an eruption that lasted 3
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hours 36 minutes(AVO Staff, 1993). The principal seismological difference between the
third and previous eruptions was the observation of abundant volcano-tectonic
earthquakes at the end of the eruptive sequence. The largest of these events had a local
magnitude of 2.2 M. The waning phase of the eruption tremor masked P and S phases
for these volcano-tectonic earthquakes at many local stations. In many cases these events
were located with only distant stations and thus were poorly located. The observed
depths for these events ranged between the surface and 13 km depth.

Two vigorous earthquake swarms were recorded beneath Crater Peak after the third
eruption. The swarms occurred November 9-10th and December 21-27th respectively.
The November 9-10th swarm began about 8:14 pm AST and lasted for about eight hours.
The swarm was constrained in depth between the summit of Crater Peak and about six km
below sea level. The largest event of the sequence was My, 1.6 and included 126 events.
The December swarm began on the 21st with the location of 11 events, reached its peak
of 25 located events on December 25th, and receded to syn-eruptive seismicity rates by
December 27th. The swarm was located between sea level and about 14 km depth. The
largest event of the sequence had My 1.7. Seismicity declined slowly following the
December swarm and leveled off at slightly above background rates by mid-March, 1993.

Redoubt Seismicity

Redoubt Volcano slipped into dormancy during the catalog time period as
documented in Figure 6b. Background rates are difficult to assess in the region because
the seismic network was established only two months prior to the 1989-90 Redoubt
eruptions. During this brief pre-eruptive time period seismicity was located at a rate of
about ten events per month (see Power and others, 1993, Figure 6). Following the 1989-
90 eruptions, the rate of seismicity declined to about six locatable events per week(~25
events per month). The discrepancy between pre-eruption and post-eruption earthquake
rates might result from an increase in the number of local stations during and after the
1989-90 eruption. Seismicity at Redoubt Volcano during the catalog interval were
concentrated at the volcano and decreased in number with respect to radial distance from
the volcano. Depths of earthquakes at the volcano range between the surface and 36 km
depth. The largest event had My 2.2.

Iliamna Seismicity

Event detected recording of the Iliamna network began November 17, 1993. A single
event with depth 1.5 km was located at Iliamna during this limited time period. Triggering
parameters of the Iliamna subnet are not known for the catalog period.

Augustine Seismicity

The Augustine subnet was added to the PC/AT location algorithm beginning January
1, 1993. The triggering sensitivity was subsequently increased on June 28, 1993, and again
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on July 21st, 1993. These changes in conjunction with the addition of station AUS to the
trigger list (Appendix B) increased the system’s ability to locate earthquakes (Figure 6c).
Seismicity located during the catalog time period generally occurs in a tight cluster within
the edifice of the volcano with scattered events locating to the southeast. Depths range
from 3.0 km above sea level to sea level (Figure 9). Magnitudes range from -0.3 to 1.1.
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APPENDIX A

Stations operated by the Alaska Volcano Observatory in the Cook Inlet region between
January 1, 1991, and December, 31, 1993. The list includes geographic coordinates,
elevation, installation date, and organization responsible for maintenance for each station.

Negative longitudes imply values west of the prime meridian.

Station Latitude Longitude Elevation {m) Installation Maintainer
date
BGL 61 16.02 -152 23.30 1207 890813 USGS
CGL 61 18.46 -152 00.40 1082 810922 USGS
CKL 61 11.79 -152 20.27 1265 830805 USGS
CKN 6113.44 -152 20.27 735 910819 USGS
CRP 61 16.02 -152 09.33 1622 810826 USGS
NCG 61 24.22 -152 09.40 1244 830806 USGS
SPU 61 10.90 -152 03.26 800 710810 USGS
REF 60 29.35 152 42.10 1801 900314 USGS
RDN 60 31.37 -152 44.26 1400 880813 USGS
RDW 60 28.96 -152 48.57 1813 900907 USGS
RS1 60 27.61 -152 45.48 1864 900910 USGS
RS2 60 27.78 -152 45.44 1953 800910 USGS
RSO 60 27.73 -152 45.23 1921 900301 USGS
RED 60 25.19 -152 46.31 1064 740000 USGS
REDE 60 25.19 -152 46.31 1064 900830 USGS
REDN 60 25.19 -152 46.31 1064 900830 USGS
REDL 60 25.19 -152 46.31 1064 900830 USGS
RWS 60 29.28 -152 46.47 2713 900315 USGS
DFR 60 35.51 -152 41.16 1090 880815 USGS
DRE 60 34.99 -152 35.21 489 800201 USGS
NCT 60 33.79 -152 55.57 1079 880814 USGS
RDT 60 34.39 -152 24.32 930 710809 USGS
INE 60 03.65 -153 03.75 1585 900829 UAGI
INW 60 04.06 -153 07.95 1219 900829 UAGI
IVS 60 00.55 -153 04.85 2332 900829 UAGI!
AUH 59 21.83 -153 26.59 890 781201 UAGI
AUl 59 21.83 -153 26.59 293 780406 UAGI
AUIE 59 21.83 -153 26.59 293 860600 UAGI
AUIN 59 21.83 -153 26.59 293 860600 UAGI
AUP 59 21.74 -153 25.23 1033 870922 UAGI
AUS 59 21.60 -153 25.84 1226 900901 UAGI
AUW 59 23.16 -153 33.02 276 860700 UAGI
AUE 59 21.53 -153 22.37 168 870830 UAGI
AUL 59 22.93 -153 26.07 360 801029 UAGI
CDD 58 55.79 -153 38.58 622 810817 UAGI
SKN 61 58.82 -151 31.78 564 720808 USGS
NNL 60 02.66 -151 17.36 381 720824 USGS
CNP 59 31.55 -151 14.16 564 830701 USGS
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Station Latitude Longitude Elevation (m} Installation Maintainer
date
HOM 59 39.50 -151 38.60 198 760800 UAGI
PDB 59 47.27 -154 11.55 305 780809 UAGI
OPT 59 39.16 -153 13.78 450 740000 UAG!
MMN 59 11.11 -154 20.20 442 810822 UAGI
BGM 59 23.56 -155 13.76 625 780908 UAGI
SHU 58 37.68 -152 20.93 34 740000 UAGI
XLV 59 27.28 -151 40.30 320 870916 UAGI
BKG 61 04.21 -152 15.76 1009 910701 USGS
BGR 60 45.45 -152 25.06 985 910701 USGS
CcpP2 61 15.85 -152 14.51 1981 921023 USGS
CPA 61 15.29 -152 08.49 1192 921029 USGS
CPAE 6115.29 -152 08.49 1192 921029 USGS
CPAN 61 15.29 -152 08.49 1192 921029 USGS
CPK 61 15.80 -152 14.00 2017 911001 USGS
CPKL 61 15.80 -152 14.00 2017 911001 USGS
CKT 61 12.05 -152 12.37 975 920916 USGS
REF- 60 29.35 -15242.10 1801 920727 USGS
REFE 60 29.35 -152 42.10 1801 920727 USGS
REFN 60 29.35 -152 42.10 1801 920727 USGS
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APPENDIX B

Appendix B shows stations being recorded and used for event triggering on the PC/AT
acquisition system on a daily basis for the period January 1, 1991 through December 31,
1993. Subnet triggering, implemented beginning January 1, 1993, required additional
documentation. For a given day, a one (1) indicates if the station was used to detect or
trigger on an event, a zero (0) indicates that the station was recorded but not used for
event determination purposes, a X indicates that the triggering parameters are unknown
for the date indicated, and A blank () indicates that the station was not on the data
acquisition system for the date indicated. Thus for the date January 1, 1991, AUH, BGL,
CGL, CRP, DFR, INE, NCG, NCT, RDN, RDT, RDW, RED, REF, RSO, and SPU were
recorded on the PC/AT system. Of these stations, CGL, CRP, DFR, NCG, NCT, RDN,
RDT, REF, RSO, a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>