SO, Profiles During the Kilauea Eruption

Paul Walter', James Flynn?, Sergio Alvarez?, Alex Kotsakis<?3, Elizabeth Klovenski¢, Gary Morris?, Mark Spychala'-4

1St. Edward’s University, Austin, TX, 2University of Houston, Houston, TX
SUSRA/NASA Goddard, Baltimore, MD, “New Mexico State University — Physical Sciences Laboratory, Las Cruces, NM

SI. EDWARD’S
TY

UNIVERSI

I . Temp, (C) Temp (C) Temp (C) Temp (C)
Introductlpn . . . Big Island SO, Survey (June 2018) 0 10 20 30 0 10 20 5 0 5 10 15 20 0 5 10 15 20 25
Kilaeua was in a significant eruptive phase in 2018 from early é) | | | Y R N N— O S N — R — 5 | | | |
May to early August. During that period the flow of lava often : Ll An SO, plum§ detected on most of the nine ﬂlghts of the smg.le—pump ' A B C D
reached the ocean from a series of fissures in the lower East Rift ~ SO, sonde. Eight profiles are presented here (Figure 6) showing the
Zone. The resulting plume of volcanic smog (vog) contained a2 lowest 5 km of each profile. At altitudes above 5 km reductions 1n air 47 TS 4 ] 4 -
mainly water vapor, sulfur dioxide (SO,), and carbon dioxide. density begin to significantly impact the detection limits of the sonde '
which is a global coolant when it reaches the stratosphere and is for the configuration used in this study. E 3- : E 3- E E 3-
an irritant to the lungs leading to respiratory effects when present | o @ @ @ @
at the surface. A rapid response proposal, the Big Island SO, In order to measure the high levels of SO, that were anticipated, the 2 — E E 2
Survey (James Flynn (PI)), was funded by NASA to test BRI W ) sondes were configured for the maximum upper limit of detection, - 3 = 27 \ = = 2-
improvements to the newly developed single-pump SO, sonde by  Figure 1. June 2018 field team: Mark Spychala typically 400-500 ppbv, at the expense of the lower detection limit. The 5 Y
collecting a series of vertical profiles. During the two-week (left), Paul Walter (2" from left), James Flynn first flight on June 30, 2018 (profile F) was the only time when the 19 19 1
. .. S . nd : : (i : _ ' ‘ L - - Z H = | I N . - -
intensive in late June 2018 nine improved single-pump SO, e s (Ui, ame | [l zeleeiin Mevemsid (i sn;gle pgmp .802\5811;16 Sfatﬁraft]e'dh The lalllln(:h tl.meﬁ ani;’egl?al " Ground level 0.63 km “Ground level 0.63 km " “Ground level 0.63 km " “Ground level 0.63 km
sondes were flown in addition to three drives with the sonde and column density ( ) of the flights are shown 1n the table below. N I ol oL | | | | 0] | | |
an instrumented van. 0O 20 40 60 80 100 0O 20 40 60 80 100 0 50 100 150 200 0 100 200 300 400
The Kahuku Ranch (~90 km downwind) was the primary launch m Launch Time (UTC) 50, VCD SO, (ppbv), RH (%) SO, (ppbv), RH (%) SO, (ppbv), RH (%) SO, (ppbv), RH (%)
location for the June deployment, chosen to allow the plume to AR T A (ascent) 06/22/2018 00:32 8.6 DU Temp (C) Temp (C) Temp (C) Temp (C)
disperse somewhat to help avoid saturating the sonde (Figures 2 P o] B (ascent) 06/24/2018 23:17 3.9 DU 5__? > 10 s 20 | > 1015 200 25 . _(,’ | > 101520025 c _? | 5 1015 20025
and 3). Under conditions such as these where [SO,] was expected € R C (ascent) 06/26/2018 23:28 14.1 DU E F : G H
to be much greater than [O;] the dual-sonde method was not A & ey '

D (ascent 06/28/2018 20:45 12.5 DU Ly
expected to perform well therefore none were flown. | ’S‘a“"f*Ha""‘a"Febru_af}"LaunCh agsSUres ( ) /28 4 4 - 4 ¢
g IilauemSdmmiva E (descent) 06/29/2018 21:36 9.8 DU*
Dual-sonde method F(ascent)  06/30/201820:48  79.1 DU = .. = .| = .. = .1\
In electrochemical cell (ECC) ozopsqndes, SO, interferes with CEAN s G (ascent) 06/30/2018 23:38 9.9 DU *:‘; iq‘; %‘; %‘;
Ozone (03) Sondes On a l-tO_l baSIS9 l’e' 1 ppr SO2 — -1 ppr 03' Google Earth » / H (descent) 07/01/2018 01.47 7 7 DU g g g g
The dual-sonde method for measuring vertical profiles of SO, _ o+ includes I . ' | '1) = 2- Z 27 = 29 =27 ‘
- . Includes linear extrapolation to sea leve
from balloons relied on using two 03. sondes where the second | Figure 2. Map of the Big Island of Hawaii showing L] ¢ Y —
sonde samples through S.Oz scrubbing filter. The SO, profile 15 the locations of key features and launch site In each of these profiles the majority of the SO, plume was found 14 Y- ¥ 14 ] < 1
then calculated by subtracting the unfiltered sonde data from the locations. In June trade winds brought the plume i the mixed | 1 th K tvoicall i\ d bet 5 = 1 __ . - X __L — .
filtered sonde. This method can work well in the troposphere to southern Hawaii. WITHITL TS TERCT JaYeL, WIHL T1e prat LyDICary TOUnc DELWEst Signal lost over water Ground level 0.63 km . Groundlevel 0.63 km
e [0,]] < [Ox]], Wilisin [50),] excesds 0] fhe vnflisred 1-2 km and rarely exceeding 3 km. While initial flights used 600 g 0o-L . | . I 0l | | | | | 0l | 2 N
<onde satuzr tos afl q reports zer é distorting tlie SO, profile balloons reaching over 25 km it was quickly determined that smaller 0 50 100 150 200 200 400 600 0 25 50 75 100 125 0O 25 50 75 100 125
’ 2 ' 350 g balloons would conserve helium and increase the likelihood of SO; (ppbv), RH (%) SO; (ppbv), RH (%) SO; (ppbv), RH (%) SO; (ppbv), RH (%)
Single-pu mp SOZ sonde encountering the plume 1n the descent by avoiding upper level winds. Figure 6. Vertical profiles of SO, from the improved single pump SO, sonde during the Big Island SO, Survey in June 2018. Letters correspond to vertical column densities in the
Beginning in late 2016 a/new method for direct measurements of table and are also shown in Figure 9. Profile F is of the only flight where the sonde saturated.
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saturated when [SO,] exceeded [O,], resulting in a distorted 5 19.0 / 0 VCD is preliminary, the general agreement is promising.
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comparison of the methods. The vertical column density Previous dual-sonde method Island of Hawaii and June 22, 2018. The loop included a Point c?f the Big Island c?f Hawaii on July 1, 2019. During Krotkov, and F. Ngan (2010), A Balloon Sounding Technique for Gary Morris (garymorris@stedwards.edu)
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3.4 DU fOI' the dual-sonde. The single—pump SOZ sonde 9_ ' } — Calculated SO, (filtered - unfiltered) 27(8)9 1318‘13309 dOl:lO-l175/2010Jt60h31436-1-
showed no 1nterference from O;, even though the flight New SO, sonde
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