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INTRODUCTION

Sulfur dioxide (SO,) emission rates from Kilauea V olcano were first measured by Stoiber and Malone (1975)
and have been measured on aregular basis since 1979 (Greenland and others, 1985; Casadevall and others,
1987; Elias and others, 1998; Sutton and others, 2001). A compilation of SO, emission-rate and wind-vector
datafrom 1979 through 1997 is avail able as Open-File Report 98-462 (Elias and others, 1998) and on the web at
http://hvo.wr.usgs.gov/products/ OF98462/. The purpose of this report is to update the existing database through
2001.

Kilauea releases SO, gas predominantly from its summit caldera and east rift zone (ERZ) (fig. 1), as described

in previous reports (Elias and others, 1998; Sutton and others, 2001). These two distinct sources are quantified
independently. The summit and east rift zone emission rates reported here were derived using vehicle-based
Correlation Spectrometry (COSPEC) measurements as described in Elias and others (1998). In 1998 and 1999,
these measurements were augmented with airborne and tripod-based surveys.
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Figure 1. Summit and east rift zone of Kilauea Volcano. From 1979 through 2001, most of the SO, at

Kilaueawas released from the summit caldera and east rift zone. V ehicle-based COSPEC measurements
were made on Crater Rim Drive and along Chain of Craters Road during trade-wind conditions to quantify
summit and east rift zone SO, emissions respectively. In 1998 and 1999, airborne and tripod-based

surveys made near Pu'u O o augmented the vehicle-based studies.
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METHODS AND UNCERTAINTIES

Instrumentation

From 1979, when regular COSPEC measurements began at HV O, through February 27, 2001, SO,

measurements at Kilauea were made using a COSPEC |V correlation spectrometer, manufactured by Barringer
Research Ltd., Toronto, Canada. During the period covered by this report, it was fitted with a high concentration
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disc assembly, calibration cells of 402 ppm and 1447 ppm, and a Cassegrain telescope.

Beginning on 3/13/01, measurements were made using a COSPEC V, manufactured by Resonance Ltd., which
purchased rights to produce the instrument from Barringer in 2000. The COSPEC V is dso fitted with a
Cassegrain telescope, high concentration disc assembly, and has calibration cells of 410 ppm and 1395 ppm.
The newer instrument has several advantages over the COSPEC 1V, including a better signal-to-noise ratio,
reduced sensitivity to light polarization, and an onboard data-acquisition system.

From 3/13/01-5/3/01, data were collected simultaneously with the COSPEC V and the COSPEC IV. Forty-three
traverses were made over 7 days from avehicle at the summit and ERZ to compare the data from the two
COSPEC instruments. The two instruments were run side-by-side, looking either out the side door of avan, or
from avehicle tailgate.

We found no systematic difference in measurements made with the instrument oriented perpendicular vs.
parallel to the line of travel of the vehicle. Since our COSPEC |V was experiencing increasing amounts of
instrumental noise and baseline drift as 2001 progressed, the comparison of the two instruments was
compromised by the poor data quality of the IV. Data collected at the summit were particularly proneto large
discrepancies, as the low summit emissions (average=120 t/d) yielded a poorer signal to noise ratio compared to
the ERZ data. Individual emission rate measurements for the COSPEC V and |V at the summit had a mean
difference of 11 percent, standard deviation (sd)=21 percent, while ERZ measurements had a mean difference of
-6 percent, sd=12.6 percent. We attribute the high variability between the instrumentsin part to the increasing
baseline noise, drift, and offset in the COSPEC IV signal that occurred as 2001 progressed.

Figure 2 shows the average SO, emissions measured by the two instruments on agiven day. The vertical bars,

which represent the standard deviation of all traverses on asingle day, reflect the variability in emission rate, as
well as the effects of short-term changes in atmospheric and wind conditions. In contrast to individual traverse
comparisons, we note that the difference in the average emission rates for each day of measurements are within
the variability of the emissions themselves. Although the COSPEC V produced dlightly higher average emission
rates than the IV for the ERZ measurements for our comparison runs, no systematic difference between the two
instruments was observed for individual traverses. The COSPEC V doesyield slightly more variability in
emission rates for the ERZ measurement set, as shown by the larger standard deviations measured by the V. No
systematic difference between the instruments was observed at the summit, but the emission rates measured by
the IV are generally more variable than those measured by the V, at least in part due to the lower signal-to-noise
ratio of the IV data.
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Figure 2. Average SO, emissions measured by the COSPEC IV (circles) and COSPEC V (squares). The

vertical bars represent the standard deviation of all traverses on asingle day. Although the COSPEC V
and 1V traverses were contemporaneous, the data are presented here with a slight temporal offset so that
they can be viewed more easily.

We feel that the accuracy in the calculated SO, emission rates reported from Kilauea is not substantially

affected by the change in instrumentation. Since we estimate our COSPEC measurements to have an associated
uncertainty of 10-30%, the comparison shows that the emission rates cal culated with the new COSPEC V are
within the error of the measurements made with the old COSPEC IV.

Data collection and reduction

Since mid-1979, when regular COSPEC measurements began at HV O, data have been collected on an analog
strip chart recorder and then manually digitized on a digitizing tablet; emission rates were calculated using a
Fortran program. We began developing a digital data collection and reduction system in 2000 using a Handar
555 data logger. We wrote a program with a graphical user interface for calculating emission rates using the
PC-based software application Origin (Originlab). Starting 3/13/01, all reported data were reduced using the
PC-based program. From 4/20/00 to 4/3/01, during hardware testing and refinement and software devel opment,
data were reduced sporadically using both the analog strip chart/FORTRAN program and the new PC-based
method. The average difference in individual emission rates between the two techniquesis 1 percent, sd=11
percent. Average SO, emissions calculated for the Kilauea summit and ERZ using the two data reduction

techniques are shown in figure 3. Several individual s reduced the data using the two techniques, so some error is
attributed to individual differences, which is estimated at ~5 percent (Casadevall and others, 1987).
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Data reduction technique comparison
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Figure 3. Average SO, emissions calculated for the Kilauea summit and ERZ from strip chart and

PC-based data reduction techniques, as discussed in text. Although the data are contemporaneous, they
are presented here with a slight temporal offset so that they can be viewed more easily.

Routine digital data collection was streamlined by the COSPEC V data-logging capability, which allows us to
capture data directly using a palmtop or notebook computer. However, we continue to use an analog strip chart
for in situ plume tracking and as back up in the event of computer failure in the field.

Summit vehicle-based data

The emission-rate measurements at the summit of Kilauea were made by vehicle-based COSPEC traverses
within the summit caldera along Crater Rim Drive. We generally collect COSPEC data at Kilauea's summit
when winds are greater than 3 m/s and from directions greater than 340° and less than 50°, as these conditions
giveriseto the best plume geometry and location. Casadevall and others (1987) and Elias and others (1998)
describe details regarding this measurement technique. The data for 1998 through 2001 are shown in table 1 and

figure 4.
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Figure 4. Averaged SO, emissions (t/d) from Kilauea's summit from January 1998 through December
2001. The black vertical bars represent the standard deviation of all traverses on asingle day.

In order to quantify the copious amounts of SO, released regularly from the ERZ of Kilauea, the COSPEC is

fitted with the high concentration disk assembly and associated calibration cells. This creates a challenge when
guantifying the summit emissions, which are an order of magnitude lower than those from the ERZ. The low
emissions at the summit cause any increase in background noise to introduce a high error to the measurements.
From mid-November 1999 through March 7, 2000, a small but gradual increase in the COSPEC 1V noise
contributed to poorer quality summit data (fig. 4). The instrument optics and electronics sub-systems were tuned
in early March 2000, restoring the COSPEC 1V to good working order. The rest of the summit data for 1998
through 2001 are judged to be of good quality.

The low emission rates measured at the end of 2001 (fig. 4) are attributed to a high rainfall event at the summit
of Kilauea (>590 mm over 48 hours on November 27-28). Since SO, is extremely water soluble, heavy rainfall

can lead to the scrubbing of SO, gas asit rises to the surface through the water-saturated ground. By early
January 2002, summit emission rates had returned to more typical values.

Wind velocities at the time of the summit COSPEC measurements were measured using a continuously
recording wind monitor located 3.5 meters above the ground and 30 m northwest of the edge of the summit
caldera(fig.1). We believe that data from this site give a reasonabl e representation of wind conditions at the
elevation of the plume and contributes to an accurate estimate of the SO, released from the summit of Kilauea

Wind parameters were measured 4 m above the ground at several locations along the measurement path in the
calderato confirm that the data from the wind-monitor site were representative. From 1/1/98 through 9/7/01,
wind data were collected using a bearing-based wind monitor (RM Y oung-model 05103). This conventional,
helicoid propeller-vane type sensor is an industry standard used by the National Weather Service and other

file:///[HVOSHARED2/SHARE1/brantley/tamar/index.html (7 of 18) [1/24/2003 2:13:40 PM]



New Page 1

agencies nationwide to monitor wind speed and direction. In December 1999, we co-located an ultrasonic wind
sensor (Handar-model 425A) with the conventional sensor on the northwest edge of the caldera. The ultrasonic
sensor has no moving parts and thus may prove more consistent and durable in an acidic volcanic environment
than the conventional sensor, which uses metal bearings and other parts susceptible to corrosion and wear.

Wind data from the period 1/1/01-9/12/01 show that the ultrasonic sensor yields wind speeds an average of 9.6
percent (sd=1.5 percent) higher than the conventional propeller-vane wind sensor (Fig. 5). However, our wind
characterization experiments (Elias and others, 1998), as well as other Kilauea emission rate studies (Andres and
others, 1989; Casadevall and others, 1987), report wind-speed uncertainties between 10% and 20- 30%;
therefore, we incorporate the SO, measurements cal culated with ultrasonic wind data into the ongoing 23 year

Kilauea database without further correction. Mean wind direction difference between the sensorswas 1.5
percent, sd=3.5 percent. Wind direction has much lessimpact on cal culated emission rates than wind speed, and
the variation in emission rates due to wind direction isinsignificant.
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East rift vehicle-based data

For wind with speeds greater than 5 m/s and directions between 250 and 40° east of north, gases from Pu'u 'O'o
typically form a compact plume that crosses Chain of Craters Road above the 180° turn at Holei Pali (fig. 1).
This turn marks the beginning of a steep section of the road that traverses down the pali (cliff). Vehicle-based
COSPEC data obtained under these conditions typically provide the best-integrated estimate of Kilauea's ERZ
SO, release (Elias and others, 1998; Sutton and others, 2001). When wind conditions at Pu'u 'O'o are sufficiently
northerly, the entire ERZ plume crosses the Chain of Craters Road below Holel Pali. Often, these conditions
yield a plume that clearsthe pali traveling toward the south, and then is turned toward the west by the easterly
along- shore winds. Under these conditions, the plume, at times, |ofts high above the road, because of the relief
of the steep, 300-m pali. We do not report emission rates when the plume is widespread, with sections both
above and below the 180° turn at Holei Pali, because traversing the same section of plume in two directions and
at two elevations introduces added uncertainties. East rift zone vehicle-based datais presented in table 2 and
figure 6. Figure 7 shows the averaged SO, emission rate for each day of measurements for the ERZ and summit,
aswell asthe data after it was processed using a non-parametric digital filter and then smoothed using an FFT
algorithm. A discussion of the data treatment is presented in Sutton and others, 2001. The low emission rates
measured at the summit toward the end of 2001 attributed to high rainfall, were not mirrored in the east rift

emissions.
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Figure 6. Averaged SO, emissions from Kilauea's east rift zone (ERZ) as measured by vehicle-based

COSPEC aong Chain of Craters Road, 1998 through 2001. The black vertical bars represent the standard
deviation of all traverses on asingle day.
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Figure 7. Kilauea summit and ERZ emissions for 1998-2001. Averaged SO, emission for each day of

measurements is shown by the light, dotted line. The solid line represents FFT smoothing after datawere
processed with a non-parametric digital filter.

COSPEC measurements on Chain of Craters Road are made ~9 km downwind of the vent; therefore, some of
the SO, gas has been converted to sulfate aerosol before reaching the measurement site. Porter and others (2002)

used aerosol sun photometry, lidar, and COSPEC measurements along Chain of Craters Road to estimate a SO,
half-life of 6 hoursin the atmosphere. For wind speeds of 5-15 m/s, this suggests that ~3-8 percent of the SO,

released from the vent would have converted to aerosol on its journey to the measurement site and would go
undetected by the COSPEC.

Contemporaneous wind velocities for plume measurements made above Holei Pali were determined using a
continuous wind monitor 3.5 m above the ground, approximately 2.5 km above the 180° turn on Chain of
Craters Road (fig. 1). We believe that these data reasonably represent plume velocities above Holel Pali,
because under these conditions the east rift plume is frequently close to the ground as it crosses Chain of Craters
Road. For measurements made below Holel Pali on the coastal flats, wind conditions were determined using a
combination of methods including 1) a portable continuous wind monitor located ~5.7 km below the 180° turn
on Chain of Craters Road, 2) 5-minute wind-counter measurements made 4 m above ground level before and/or
after aday's COSPEC traverses, and 3) continuous data from the wind station above the 180° turn on Chain of
Craters Road adjusted for observed and measured discrepancies. Contemporaneous wind measurements above
and below Holel Pali indicate that 3.5 m winds are often ~25 percent lower along Chain of Craters Road below
Holei Pali than above.

On three occasions of brisk kona wind conditions (winds with a southerly component), gases from Pu'u ‘O'o
formed a reasonably compact plume that crossed Highway 11 between Volcano and Kurtistown, ~20 km
downwind (north to north-northeast) of Pu'u ‘O'o. For these traverses, wind speeds were measured using the
5-minute wind-counter 4 m above ground directly beneath the densest part of the plume. The uncertainty in
wind speed measurements for east rift vehicle-based datais estimated to be 10-30 percent.

East rift tripod-based data

The few tripod-based measurements made during 1998 and 1999 are presented in table 3 and asfilled circlesin
figure 8. A major collapse of Pu'u ‘O'o in early 1997 (Heliker and others, 1998) contributed to an already diffuse
degassing situation, with multiple vents, fissures, broad shields, tubes and skylights contributing to scattered
degassing sources. The tripod-based measurements quantify parts of the plume from Pu'u 'O'o and the upper
tube system but Ieave the contributions along the middle and lower tube system unquantified. These
measurements provide important information on vent activity, but generally do not represent all of the east rift
emissions.

file://IHVOSHARED2/SHARE1/brantley/tamar/index.html (11 of 18) [1/24/2003 2:13:40 PM]



New Page 1

Kilauea SDE amission rates-East Rift

f i

5000 - : .

_ o  wvehicle ]

4000 - ® lripod \
3000 - .

~ 2000 - !

50

" 1000- l
i : o e

L
F i

03/01/98 07/01/99 ﬂQIﬂIU‘QQ 11/01/99

Figure 8. Averaged SO, emissions from Kilaued's east rift zone as measured by tripod- (filled circles)

and vehicle-based (open squares) COSPEC for 1998-1999. The black vertical bars represent the standard
deviation of all measurements on asingle day.

Tripod-based campaigns during this time period were carried out primarily to support other studies (such as
ground truthing for new SO, measurement techniques) or to provide data when emissions were too low to be

guantified 10 km away on Chain of Craters Road. The measurements were made during periods of vigorous
activity, eruptive pause, and variable pond activity. The April 1998 data are among the highest tripod-based
measurements obtained during non-fountaining eruptive activity (Chartier and others, 1985; Elias and others,
1998; Sutton and others, 2001). The September-October 1999 measurements reflect the slow start-up of the
eruption as it resumed on September 23 following an 11-day hiatus. The high variability in both tripod and
road-based individual measurements on 10/28/99 coincides with periods of dynamic pond activity. Tripod
measurements on this day ranged between 300 t/d and 1300 t/d, with a mean and standard deviation of 800 t/d
and 290 t/d respectively, whereas measurements along Chain of Craters Road ranged between 700 t/d and 3300
t/d, with amean and standard deviation of 1550 t/d and 1020 t/d respectively.

Wind velocities for the tripod-based data were measured with either a portable continuous wind monitor, a
wind-counter mounted on a pole 4 m above the ground, or a continuous wind station located 1.5 km
south-southwest of Pu'u 'O'o. We determined the distance to, and width of, the plume using helicopter-borne
GPS or by visual estimation. All measurements were made from a site ~3 km southwest of Pu'u 'O'o, except for
the 10/28/99 data, which were collected ~1.5 km north of our usual tripod site (fig. 1).

East rift and summit fixed-wing measurements

Airborne SO, measurements of gas emissions from the summit and east rift zone of Kilaueawere madein May
and June 1998 (table 4), the first such measurements for the summit and east rift zone since 1984 and 1995
respectively (Elias and others, 1998; Sutton and others, 2001). Wind speeds for the fixed-wing measurements
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were derived from continuous GPS position data taken during wind circle orbits (Doukas, 2002) and
upwind/downwind traverses.

On the east rift zone, the vent geometry and multiple degassing sources give rise to a broad plume whose bottom
is at ground level (McGee and Gerlach, 1998). Our orbits of Pu'u 'O'o, therefore, yielded SO, emission rates that
represent minimum values, because some SO, was below the upward-looking COSPEC even on the lowest
traverse, approximately 500 feet above ground level (agl). The ERZ airborne SO, emission rates are consi stent
with ERZ automobile-based emission rates from data collected on or about the same days.

Fixed-wing measurements flown 1 km downwind of Kilauea's caldera detected an unquantifiable amount of SO,
in June, but in May, SO, was below the detection limit. Wind speeds were somewhat |ess during the June flight,
causing the top of the plume to loft as high as 1525 m (520 m agl), whereas during the May flight, CO,
measurements indicated that the top of the plume was at 1070 m (60 m agl).

Total Kilauea SO, emission rates

Table 5 provides an estimate of the integrated yearly SO, emission rates for Kilauea during 1998-2001. Annual

emission rates were calculated by summing the daily emission rates calculated using the filtered, FFT smoothed
data for the summit and east rift.

Technique comparisons

As observed for earlier datasets (Andres and others, 1989; Elias and others, 1998; Sutton and others, 2001),
Kilauea emission rates based on tripod measurements are generally lower than those based on vehicle
measurements along Chain of Craters Road (fig. 8). An exception to this was observed as the eruption slowly

resumed following the 11-day pause in September 1999. During this time, athin wispy plume was released from
Pu'u 'O'o, with minimal degassing from other locations. We were able to make measurements from a site
relatively close to the plume, 100-800 m away, under varying conditions. The plume itself was reasonably
compact at 150-600 m width. We found that tripod- and vehicle-based measurements agreed well when the
plume was thin and emission rates were low, but the two techniques were less consistent once the plume
increased in width and density.

Errors due to the COSPEC field of view (FOV) orientation can contribute to artificially low measured burdens
(Millan and Hoff, 1978; Sutton and others, 2001). To determine the contribution of this effect, we made a series
of measurements to compare scans collected with an instrument oriented flat, with the light entrance slits
perpendicular to the horizontally moving plume, and with the COSPEC mounted on its side, so that the entrance
ditswere parallel to the plume axis (fig. 9). Theflat configuration (fig. 9a) can result in a"partial FOV" effect;
since the FOV has an aspect-ratio of 3:1, the COSPEC disproportionately combines radiant energy from clear
sky with plume signal, effectively diluting the plume edges and resulting in artificially low measured burdens
(Millan and Hoff, 1978). The original instrument manufacturer, Barringer, Ltd., recommends that the flat
configuration be avoided when making tripod-based scans (Bob Dick, 1997, pers. com.).
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Figure 9. COSPEC IV oriented flat (a), with the light entrance dlits perpendicular to the horizontally

moving plume, and with the COSPEC mounted on its side (tipped) (b), so that the entrance dits are
parallel to the plume axis. Red arrows indicate direction of plume scans.

A total of 90 tripod-based measurements on three separate days showed that for the Pu'u 'O'o plume measured
from 200-1200 m away, the variability in emission source and other technique variables were greater than the
variability due to the COSPEC orientation (fig.10). There was no statistically significant difference in the data
from the two distinct orientations.
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Figure 10. Individual SO, emission-rate measurements from Kilauea's east rift zone collected using a

tripod-based COSPEC oriented flat (open squares) or sideways (open circles). Filled squares (flat), filled
circles (sideways), and vertical bars represent averaged emission rate and standard deviation for a series
of measurements.

A series of measurements was also made at the summit, where the SO, emission rate is more consistent, and the

plumeis closer. Forty traverses were made using a vehicle-based COSPEC oriented in the conventional flat, as
well as the sideways, configuration. These results also showed that the difference in calculated emission rates
using the two orientations was not statistically significant (fig. 11).
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Figure 11. Individual SO, emission-rate measurements from Kilauea's summit as measured by

vehicle-based COSPEC oriented flat (open squares) or sideways (open circles). Filled squares (flat),
filled circles (sideways), and vertical bars represent averaged emission rate and standard deviation for a
series of measurements.
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Tabl e 1.

Ki |l auea summt SO2 em ssion rates -

Dat e
01/ 06/ 98
01/ 12/ 98
01/ 29/ 98
02/ 13/ 98
02/ 17/ 98
02/ 24/ 98
03/ 03/ 98
03/ 18/ 98
03/ 19/ 98
03/ 23/ 98
03/ 24/ 98
04/ 08/ 98
04/ 14/ 98
04/ 15/ 98
04/ 18/ 98
04/ 22/ 98
04/ 29/ 98
05/ 15/ 98
05/ 19/ 98
05/ 27/ 98
05/ 29/ 98
06/ 08/ 98
06/ 10/ 98
06/ 17/ 98
06/ 21/ 98
06/ 26/ 98
06/ 30/ 98
07/ 06/ 98
07/ 13/ 98
07/ 21/ 98
07/ 30/ 98
08/ 02/ 98
08/ 13/ 98
08/ 19/ 98
08/ 24/ 98
08/ 31/ 98
09/ 08/ 98
09/ 14/ 98
09/ 24/ 98
09/ 28/ 98
10/ 13/ 98
10/ 20/ 98
10/ 26/ 98
11/ 02/ 98
11/ 09/ 98
11/ 18/ 98
11/ 27/ 98
12/ 01/ 98
12/ 09/ 98
12/ 10/ 98
12/ 11/ 98
12/ 24/ 98
01/ 13/ 99
01/ 25/ 99
02/ 04/ 99
02/ 08/ 99
02/ 09/ 99

s (t/d)
110
130
100
90
120
100
90
130
90
130
120
90
110
110
120
120
160
150
100
120
140
160
80
120
120
110
130
140
100
120
130
120
140
170
110
130
120
130
130
140
120
140
150
130
110
110
120
120
80
90
120
80
100
90
90
40
60

SD
20
40
20
10
40
20
10
20
30
30
30
20
30
20
40
50
40
40
40
20
40
20
10
40
20
20
50
20
30
20
30
30
10
40
40
40
30
30
20
10
20
20
20
20
30
10
30
20
20
20
10
20
20
20
40
10
20

vehi cl e- based

WS (n's)

OOOINWRONONIOWAUNOANIWORIPOORUINOIONIOOIOOINONNAPONRNVITOWR RO RDRNRO
COMDPORANOOOROUROUOODORRANOWNNARMDMRWUIRAUWROOUIONBANNONOUINGO®OOWO K U

32
30
27
28
30
35
28
34
40
30
30
35
30
35
21
30
16
31
36
25
35
17
39
35
41
33
35
26
39
30
40
27
35
32
40
38
35
30
34
34
34
23
35
33
36
37
29
42
39
28
37
33
34
47
21
32
37
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02/ 17/ 99 60 10 3.1 34 6
02/ 23/ 99 50 10 4.4 42 6
03/ 03/ 99 50 10 3.1 40 6
03/ 05/ 99 70 10 4.6 35 6
03/ 08/ 99 80 10 5.0 45 6
03/ 09/ 99 80 10 6.8 36 6
03/ 16/ 99 110 20 6.0 42 6
03/ 23/ 99 70 10 6.0 30 6
03/30/ 99 90 20 7.2 14 6
04/ 07/ 99 90 20 5.2 43 6
04/ 12/ 99 60 30 3.5 43 6
04/ 16/ 99 90 20 7.5 27 5
04/ 23/ 99 90 20 6.0 38 5
04/ 27/ 99 80 20 5.0 40 6
05/ 06/ 99 90 20 4.2 37 8
05/ 19/ 99 100 30 4.5 38 6
05/ 25/ 99 90 20 9.3 35 7
06/ 01/ 99 90 30 5.2 32 6
06/ 07/ 99 100 20 5.2 37 6
06/ 14/ 99 120 40 3.9 31 7
06/ 15/ 99 90 30 5.5 45 7
06/ 17/ 99 160 30 9.5 12 7
06/ 21/ 99 130 10 5.9 38 6
06/ 24/ 99 120 10 6.8 37 7
06/ 29/ 99 110 20 9.2 36 6
07/ 06/ 99 100 20 6.0 38 7
07/ 14/ 99 100 20 4.3 30 6
07/ 21/ 99 120 5 8.1 30 6
07/ 30/ 99 130 20 5.8 38 6
08/ 10/ 99 80 20 3.9 39 7
08/ 19/ 99 110 30 4.2 38 6
08/ 23/ 99 80 10 6.8 49 6
08/ 30/ 99 120 30 6.6 37 6
09/ 13/ 99 120 30 6.9 30 6
09/ 17/ 99 100 20 5.8 43 6
09/ 20/ 99 100 30 6.3 38 6
09/ 23/ 99 160 10 6.8 36 3
09/ 24/ 99 120 30 7.7 45 6
09/ 29/ 99 150 30 6.5 46 6
10/ 04/ 99 150 20 6.1 40 6
10/ 12/ 99 140 40 5.4 37 5
10/ 22/ 99 100 20 4.3 39 6
10/ 25/ 99 100 40 4.3 49 6
10/ 28/ 99 110 50 4.8 45 3
11/01/99 100 30 5.0 45 6
11/ 05/ 99 80 20 6.3 40 6
11/ 08/ 99 110 30 4.5 38 20
11/ 15/ 99 120 30 4.9 38 20
11/ 24/ 99 70 20 5.2 47 6
11/ 26/ 99 210 30 8.1 33 5
12/ 01/ 99 60 30 2.9 33 6
12/ 07/ 99 180 40 5.8 41 6
01/ 04/ 00 90 20 5.6 46 7
01/ 14/ 00 120 50 7.1 21 3
02/ 01/ 00 90 30 7.0 26 5
03/ 07/ 00 180 30 4.9 46 6
03/13/00 70 20 4.9 37 2
03/ 23/ 00 90 10 6.7 34 6
03/ 28/ 00 90 30 6.6 37 4
04/ 06/ 00 110 20 4.8 33 6
04/ 12/ 00 120 30 8.2 29 6
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04/ 19/ 00 110 20 7.8 37 7
04/ 20/ 00 120 20 8.1 27 4
04/ 26/ 00 100 20 7.0 38 6
05/ 03/ 00 110 20 7.3 38 6
05/ 10/ 00 90 30 6.7 38 6
05/ 19/ 00 60 10 4.3 63 6
05/ 24/ 00 130 20 3.6 34 6
05/ 30/ 00 120 20 5.8 41 6
06/ 05/ 00 100 20 6.3 42 6
06/ 13/ 00 100 30 5.3 33 6
06/ 21/ 00 80 10 5.5 33 7
06/ 27/ 00 110 20 6.0 20 6
07/ 10/ 00 100 20 3.5 28 6
07/ 19/ 00 100 10 4.9 35 6
07/ 28/ 00 110 10 5.6 34 5
08/ 03/ 00 110 10 6.1 38 6
08/ 10/ 00 120 20 6.2 24 6
08/ 14/ 00 190 50 4.5 30 6
08/ 25/ 00 100 20 6.9 39 6
08/ 31/ 00 110 20 6.3 40 6
12/ 05/ 00 90 20 3.8 43 6
12/ 13/ 00 130 30 4.8 35 8
12/ 20/ 00 100 10 5.7 34 2
01/08/01 90 30 3.4 35 6
01/ 16/ 01 110 40 3.0 27 10
01/18/01 110 40 4.8 33 5
01/ 22/ 01 160 60 7.6 13 5
01/ 29/ 01 110 30 4.5 38 8
02/ 13/01 80 20 4.7 41 5
02/ 27/ 01 90 20 5.6 39 6
03/ 13/01* 130 20 6.7 22 2
03/ 15/ 01 120 30 4.4 49 6
03/ 16/ 01** 120 50 6.5 52 2
03/ 27/ 01 80 20 4.4 15 6
04/ 03/ 01 140 30 11.1 20 5
04/ 09/ 01 130 5 5.5 25 5
04/ 17/ 01 110 20 6.0 30 5
04/ 23/ 01 110 10 5.7 27 5
05/01/01 120 40 4.5 29 8
05/ 03/ 01 130 10 5.3 30 5
05/ 08/ 01 110 30 5.2 29 4
05/ 10/ 01 120 20 5.2 31 6
05/ 15/ 01 160 30 5.5 36 7
05/ 21/ 01 160 70 2.8 25 11
05/ 23/ 01 70 20 3.4 15 3
06/ 04/ 01 100 10 4.1 29 4
06/ 11/ 01 120 30 5.9 19 8
06/ 21/ 01 110 20 6.4 6 6
06/ 26/ 01 130 20 9.0 8 5
07/ 03/ 01 150 40 5.0 5 5
07/ 06/ 01 160 30 8.0 7 5
07/ 11/01 130 40 6.2 24 9
07/ 17/ 01 150 20 7.8 21 6
07/ 26/ 01 150 50 5.1 10 6
08/01/01 100 20 6.5 33 6
08/ 03/ 01 100 20 5.9 23 3
08/ 06/ 01 120 30 6.3 14 5
08/ 13/ 01 130 40 7.8 20 5
08/ 23/ 01 130 30 6.4 15 5
08/ 28/ 01 120 30 5.8 12 6
09/ 07/ 01 90 20 5.0 12 6
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09/ 12/ 01 110 20 6.8 30 5
09/ 17/ 01 100 30 7.7 30 6
09/ 25/ 01 120 30 8.3 32 6
10/ 04/ 01 70 20 4.3 30 6
10/ 09/ 01 110 40 8.3 20 6
10/ 18/ 01 110 30 7.8 26 6
10/ 29/ 01 80 20 8.3 31 6
10/ 31/ 01 90 30 8.7 10 3
11/01/01 120 30 9.2 16 6
11/01/01 120 60 8.5 19 6
11/ 21/ 01 100 20 3.7 25 5
11/ 29/ 01 30 10 4.5 28 6
12/ 06/ 01 20 10 6.2 32 6
12/ 11/ 01 40 20 6.0 27 6
12/ 17/ 01 40 10 8.1 23 6

Abreviations: t/d=nmetric tonne (1000 kg)/day, SD=standard devi ati on, W5=wi nd speed,
WD=wi nd direction east of north, N=nunmber of traverses

* COSPEC V neasurenents begin
**COSPEC |V results (COSPEC V instrunment problens)
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Tabl e 2.

Ki | auea east

DATA
DATE
01/ 06/ 98
01/ 16/ 98
02/ 02/ 98
03/ 19/ 98
03/ 23/ 98
03/ 24/ 98
03/ 25/ 98
04/ 14/ 98
04/ 15/ 98
04/ 16/ 98
04/ 17/ 98
05/ 18/ 98
05/ 20/ 98
05/ 29/ 98
06/ 08/ 98
06/ 10/ 98
06/ 12/ 98
06/ 19/ 98
06/ 21/ 98
06/ 30/ 98
07/ 06/ 98
07/ 13/ 98
07/ 21/ 98
08/ 04/ 98
08/ 14/ 98
08/ 19/ 98
08/ 24/ 98
08/ 31/ 98
09/ 08/ 98
09/ 14/ 98
09/ 25/ 98
10/ 01/ 98
10/ 06/ 98
10/ 13/ 98
10/ 26/ 98
11/ 02/ 98
11/ 09/ 98
11/13/98
11/ 19/ 98
11/ 23/ 98
11/ 25/ 98
12/ 01/ 98
12/ 02/ 98
12/ 30/ 98
01/ 07/ 99
01/ 13/ 99
02/ 05/ 99
02/ 09/ 99
02/ 17/ 99
03/ 05/ 99
03/ 09/ 99
03/ 18/ 99
03/ 30/ 99
03/31/99
04/ 02/ 99
04/ 07/ 99
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s (t/d)

3410
1850
1690
2040
3360
2760
3130
3760
4000
2190
2390
2640
2580
1760
2110
4000
2590
1410
1480
2760
1420
2080
1990
2630
1340
2000
2550
3390
2380
1840
3090
2230
2020
2030
2830
1740
1470
1710
1890
1520
1750
2040
1570
1830
1330
1000
1490
1940
1640
1600
1850
1770
1930
1300
1300
1190

SD
1210
850
320
340
490
870
440
850
900
250
890
870
480
580
870
480
670
330
630
1100
520
460
470
880
150
430
640
640
470
350
1040
390
480
280
620
260
400
260
110
340
430
670
350

0
280
190
530
320
390
410
510
460
700

0

60
200
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VD
12
160
11
44
11
30
25
25
35
36
35
20
66
46
35
35
25
35
40
38
16
33
14
30
36
20
25
20
64
47
50
30
18
20
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54
62
47
30
38
28
30
38
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50
40
23
62
55
45
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30
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38
63
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04/ 09/ 99 1980 530 8.6 37 6 U A
04/ 16/ 99 1900 690 6.9 46 7 U B
04/ 23/ 99 2270 470 9.0 24 6 U A
04/ 27/ 99 2280 260 6.0 50 3 U B
05/ 24/ 99 1690 400 10. 2 41 7 U A
05/ 27/ 99 2670 410 6.4 49 2 U B
06/ 04/ 99 1890 580 6.6 37 7 U A
06/ 08/ 99 1530 290 8.0 35 6 U A
06/ 15/ 99 830 280 5.7 44 6 U B
06/ 16/ 99 650 220 7.9 50 6 U B
06/ 17/ 99 580 130 8.4 46 5 U A
06/ 18/ 99 950 170 6.8 28 7 U A
06/ 21/ 99 1020 130 7.7 45 2 U A
06/ 22/ 99 1020 300 6.7 45 6 U B
06/ 29/ 99 1010 230 7.1 34 7 U B
07/ 07/ 99 1020 260 6.4 51 6 U B
07/ 14/ 99 1100 180 6.6 48 6 U B
07/ 21/ 99 1420 360 6.2 54 4 U A
07/ 29/ 99 1280 240 6.8 42 6 U A
08/ 05/ 99 1120 250 7.8 51 6 U A
08/ 12/ 99 1400 310 8.5 36 6 U A
08/ 26/ 99 1170 310 9.7 31 6 U C
08/ 30/ 99 1460 170 8.8 29 5 UL C
09/ 09/ 99 880 200 6.9 47 6 U B
09/ 13/ 99 BDL - - 10.0 20 2 L NA
09/ 17/ 99 BDL - - 5.7 80 2 UL NA
09/ 23/ 99 350 120 7.3 40 7 U B
09/ 24/ 99 360 20 6.3 53 3 U B
09/ 27/ 99 540 200 7.0 25 4 L C
09/ 30/ 99 750 140 7.0 30 3 L B
10/ 01/ 99 610 60 7.6 70 5 U C
10/ 05/ 99 300 60 6.8 64 5 U C
10/ 06/ 99 760 80 7.6 67 4 U C
10/ 22/ 99 950 200 6.5 30 5 L C
10/ 25/ 99 600 220 6.5 58 6 U B
10/ 26/ 99 870 1 8.7 38 2 U C
10/ 28/ 99 1550 1020 6.0 50 6 U C
11/ 05/ 99 1100 210 7.4 33 6 U A
11/ 10/ 99 1940 670 7.5 28 6 L C
11/ 17/ 99 1220 650 8.0 9 5 L C
11/ 24/ 99 1220 330 7.2 44 6 U C
11/ 26/ 99 1090 300 10. 2 29 6 U B
11/ 29/ 99 1460 260 12.9 50 6 L B
12/ 06/ 99 1460 430 8.9 48 6 U C
01/ 14/ 00 1080 360 9.0 25 5 L C
01/ 27/ 00 1070 270 10.7 40 5 L B
02/ 01/ 00 1780 400 5.6 35 6 U B
02/ 24/ 00 1640 360 5.5 50 3 U C
02/ 28/ 00 1830 310 9.0 35 5 U C
04/ 10/ 00 1550 670 7.9 37 8 UL B
04/ 17/ 00 1070 200 7.1 50 6 U A
04/ 26/ 00 1780 80 7.1 30 6 L A
05/ 03/ 00 1460 400 7.9 37 7 U B
05/ 10/ 00 1120 320 6.7 31 6 U B
05/ 30/ 00 1400 380 6.9 20 6 UL B
06/ 05/ 00 1120 190 6.7 31 4 U A
06/ 15/ 00 1190 170 5.6 28 5 U A
06/ 22/ 00 1600 240 7.4 21 7 U B
06/ 27/ 00 1640 270 6.8 13 5 U B
07/ 19/ 00 1040 500 5.7 27 4 U C
07/ 24/ 00 1680 150 8.1 22 7 U A
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08/ 03/ 00 1270 280 12.7 354 5
08/ 10/ 00 1540 0 27.0 7 1
08/ 11/ 00 960 180 21.0 6 4
08/ 16/ 00 1400 360 7.0 9 6
08/ 24/ 00 890 310 8.3 25 6
09/ 01/ 00 1160 160 6.2 25 5
09/ 08/ 00 1400 440 5.5 45 6
09/ 22/ 00 1070 260 8.3 30 6
10/ 03/ 00 990 270 6.2 30 8
10/ 13/ 00 1210 240 9.0 25 7
10/ 20/ 00 1110 130 9.0 50 4
10/ 24/ 00 1200 350 7.5 30 4
11/ 08/ 00 1620 140 7.2 22 6
11/ 14/ 00 1300 420 8.4 21 7
11/ 27/ 00 1390 470 7.9 19 9
12/ 05/ 00 850 350 4.9 44 6
12/ 22/ 00 1140 140 9.9 20 4
01/ 08/ 01 1470 400 9.9 18 7
01/18/01 1090 220 5.8 53 3
01/ 30/ 01 1590 260 6.4 17 6
02/ 27/ 01 950 340 5.6 50 6
04/ 03/ 01 1360 320 9.0 30 6
04/ 09/ 01 1040 350 8.0 21 7
04/ 17/ 01 1110 110 7.5 15 2
04/ 23/ 01 1210 460 7.5 15 5
05/ 04/ 01 1050 310 7.4 100 2
05/ 10/ 01 2260 610 6.7 32 7
05/ 15/ 01 4270 1480 7.5 30 6
05/ 16/ 01 3880 2150 7.0 19 5
05/21/01 960 180 6.3 88 5
05/ 23/ 01 1010 200 5.0 22 4
05/31/01 1570 320 4.4 29 7
06/ 04/ 01 1220 430 5.1 39 7
06/ 11/ 01 1270 280 7.5 26 7
06/ 19/ 01 1850 180 10.5 357 8
06/ 26/ 01 1420 630 15.3 358 8
07/ 03/ 01 1990 740 7.1 22 9
07/ 06/ 01 1860 510 8.9 19 8
07/ 11/01 2010 560 5.8 32 6
07/ 16/ 01 2330 510 14.0 0 10
07/ 17/ 01 1360 230 7.5 21 6
07/ 26/ 01 1730 390 5.1 25 10
07/ 31/ 01 1470 700 8.5 15 10
08/ 03/ 01 1320 600 6.9 19 6
08/ 06/ 01 1180 390 8.2 16 5
08/ 13/ 01 1690 310 10.5 12 7
08/ 23/ 01 1080 190 6.8 25 5
08/ 30/ 01 1210 120 8.2 27 6
09/12/01 1640 140 8.0 15 4
09/ 21/ 01 1460 160 6.4 33 6
09/ 25/ 01 1770 780 9.2 15 4
10/ 05/ 01 1570 160 11.5 14 6
10/ 12/ 01 1790 340 6.8 22 6
10/ 19/ 01 1400 430 8.5 39 5
10/ 30/ 01 1440 190 8.5 12 6
11/09/01 2150 220 11.5 17 6
11/ 30/ 01 1020 280 5.5 33 6
12/ 07/ 01 1700 930 6.3 31 4
12/ 10/ 01 1190 470 7.1 34 6
12/ 18/ 01 1080 240 12.8 21 7
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Data Qual ity Codes:
A - BEST QUALITY DATA -usually with strong, steady wi nd conditions, and a conpact,
consi stent plune shape.

B - GOOD QUALITY DATA - usually with noderately consistent plume shape and | ocation of
pl ume on road. Collected under noderately strong, uniformw nds, with good constraint on
wi nd speed and direction.

C - ACCEPTABLE DATA - may have inconsistent plunme |ocation and shape. Wnd speed and
direction nay be variable or poorly constrained. Some runs nay neasure a partial plune,
representing mninumconstraints on emssion rates. Measurenents with instrunent

i nconsi stencies are included in this category.

Locati on Codes:

U- Above the 180° turn at Holei Pali (upper Chain of Craters Road)
L- Below Holei Pali (lower Chain of Craters Road)

UL-traverses above the 180° turn at Holei Pali and bel ow Hol ei Pali
H Hi ghway 11

Abreviations: t/d=nmetric tonne (1000 kg)/day, SD=standard devi ati on, W5=wi nd speed,
WD=wi nd direction east of north, N=nunmber of traverses
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Tabl e 3.
Kil auea east rift zone SO2 emi ssion rates - Tri pod-based

Dat e S22 (t/d) sD W5 VD N pl ume di stance by: Dat a code
04/ 16/ 98 1380 340 6.7 24 16 fl own under similar w nds A
04/ 17/ 98 1230 290 8.2 31 20 f1 own A
07/28/99  960* 310 7.4 32 27 f1 own A
09/ 13/ 99 40 10 8.3 25 11 esti mat ed C
09/ 16/ 99 40 5 5.0 35 2 esti mat ed C
09/ 23/ 99 190 80 8.6 14 14 f1 own A
10/ 05/ 99 350 120 6.0 29 17 f1 own C
10/ 28/ 99  800* 290 5.6 10 23 f1 own B
11/17/99  240* 70 6.7 5 40 f1 own B

Data qual ity codes:

A - Best quality data - with distance to plune less than 1 km and good constraint on
measur ement of distance; steady wind direction resulting in COSPEC angl e consistently
orthogonal to plune.

B - Good quality data - somewhat |onger distance to plune from neasurenent site; may have
vari able wind conditions resulting in COSPEC angl e occasionally non-orthogonal to plune.
C - Acceptable data - may have used indirect method to estinmate distance to plune;
nmeasurenments nmay have been made under | ess consistent wind conditions. Local terrain and
i ncreased plunme distance nay conprom se neasurenment geonetry.

* - includes flat and sideways oriented scans
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Tabl e 4.
Kil auea SC2 eni ssion rates - Fixed-wi ng neasurenents

EAST RI FT ZONE

Dat e S (t/d) SD
05/ 28/ 98 2400 520
06/ 08/ 98 2020 120

SUMWM T

Dat e S (t/d) SD
05/ 28/ 98 none detect ed XXX
06/ 08/ 98 <100 XXX

Abreviations: t/d=nmetric tonne (1000 kg)/day, SD=standard devi ati on, W5=wi nd speed,
WD=wi nd direction east of north, N=nunmber of traverses
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Tabl e 5.
Estimate of total Kilauea SO2 em ssion rates, 1998-2001

Year Summit SC2 Days of East rift SQ2 Days of Total Kilauea SO2
em ssi on summ t em ssi on east rift em ssion rate
rate (t/y) dat a rate (t/y) dat a (t/y)
1998 4. 32E+04 52 8. 32E+05 44 8. 75E+05
1999 3. 70E+04 57 4. 98E+05 56 5. 35E+05
2000 3. 89E+04 32 4. 90E+05 34 5. 29E+05
2001 3. 90E+04 53 5. 25E+05 43 5. 64E+05
Total s
1998- 2001 1.58E+05 194 2. 35E+06 177 2. 50E+06

Abbreviations: t/y= metric tonne (1000 kg)/year
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