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Abstract . Twenty ceramic gas sensors (19 hydrogen selective sensors and 1 combustible gas
sensor) were set to detect variation in the hydrogen concentration in soil gas at the open cracks
newly formed at the eruption of Izu-Oshima Volcano on November 21, 1986. Since then, the sen-
sor outputs at an hour interval have been telemetered through exclusive telephone circuits to
Geological Survey of Japan in order to observe a possible correlation between the hydrogen con-
centration in soil gas of the cracks and crustal deformation as recorded by extensometer with an
ultimate aim to foresee variations in volcanic activity. The two on-site hydrogen gas sensors
connected to the portable data logger have also been working.

After the sensors were set at the observation sites, some modifications about the sensor
amplifier and the structure of observation holes have been made, which enhanced the sensitivity
for hydrogen and reduced unfavorable effects from weather conditions such as variation in solar
irradiation, atmospheric temperature and precipitation of most of the sensors.

Up to present, three interesting results, were obtained - 1) The release of hydrogen was
found at one of the observation stations named KK1 on the cracks crossed by the three lateral
lines along which the observation sites were set. In July 1987, the hydrogen release was reduced
in comparison with that in March. No release of apparent hydrogen was found at the other two
stations. 2) The two combustible gas sensors connected to data loggers were set on the cracks
named OK1 and OK2 from 6 to 22 December 1986. They were sensitive to the weather condi-
tions in addition to the combustible gaseous components in soil gas. The results with the eli-
mination of the weather effects indicate the higher degassing rate of combustible gas from OK2
which was observed 8 hours before a small eruption of Mt. Mihara. 3) The two telemetered hydro-
gen-selective sensors set at OK2 and KK1 showed irregular spikes with little correlation with
weather conditions. The monthly frequency of the spikes showed a good correlation with the tot-
al monthly change in the strain of the cracks. The frequency of the spikes at both sites have
been gradually diminished since the monitoring was started, which is conformable with the gra-
dual decrease of change in the records of the extensometer. It is concluded that gas sensors
could detect the signal of crustal movements.
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Fig.1 Types of gas sensor systems used for the hydrogen observation in Izu~- O-Shima
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Table 1 Characteristics of the hydrogen gas sensor (SL-2).

Advantages Disadvantages

1.  High sensitivity for hydrogen.
Detection limit of about 10
ppb (Hz)

2. High selectivity for hydrogen.
Detection limit of methane

Relative high sensitivity for
the absolute humidity.

Oxidative consumption of
hydrogen during the measure-

of about 100 ppm.

Low sensitivity for other

combustible gases.
Maintenance free.

ment.

Light weight, small size and low cost.
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Fig.2 Difference in the characteristic feature between hydrogen gas sensor and combustible gas sensor (an

example of the OK2 observation station). The notation

¢

“air” indecates a time pulling up to expose

these sensors in the atmosphere. The serial numbers “OK2-1G~5G” indicate sensor numbers. %
Hydrogen gas sensor. % % . Combustible gas sensor.
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Fig.3 Experimental results of the hydrogen consumption using a portable hydrogen gas sensor. Experimental

conditions -

Tempertaure 26°C humidity 0 %, circulation rate of aer 100 ml/min. For the experiment

“C (2.0ppm) ” the hydrogen concentration gets lowered to the air level (0.5ppm) for about 20

minutes.
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An example of the relationship between the output

of a hydrogen gas sensor and the hydrogen concen-
tration. Note . The calibration curves are different
from each sensor because of the variation in the
characteristic of the semiconductors used in sen-
SOrS.

m@ﬁi%ﬁ?%®~§®%ﬂﬁifb%(ﬁ%ﬁ#,
wwﬂ.%3&%%%%ELfSM2uﬁ<K%hEﬁ
%%.mﬂ,OKLIKIRUWBTu,%ﬂEUﬂ
OBFTHBMETo T 5H. ENRH BB OB
HEXAELTHDL. 56 HOBEILOREICT S T
T2 EENILOAFEEREL TN,

BRI Dk DBIFLOAARE 7 HRy. 1986
ﬁmﬂz3a#ewm¢1ﬂw5@%ﬁfmm§ﬁx
42‘/h‘~@F&E‘E&Zﬁﬁ%ﬁ%ﬁ@f:biﬁﬂtﬁ%u%ra
ncwiwv, 1A30A252A16H F TIREPILAD

BB ZHR LTVA, ZOWRETIE, $8K (SK
3DFN) WRT I vy — IR EEE L, HE
BECHELRLE. SREERFILRNOEE R RED
EESE v —HDHICEEB L2 b0LEZONRD. 24
16 B, 17 HWHICEBHILIZOWTHE TRITIR L2
ATI-MEB L. #471-MITiE, o9 —35%E
ST ZEENICH Y, EEEFTETENZOERER
UBER—FIZEZNLTWS., 20202 A 18 B LI
FHEAZRSIIIEALERON R o7, 2B2A 17
HDSK3-1G O ¥— 7 ZBMIL 2R (240cm) FBIEH]
L7zBR ok TESFAE (K& 55ppm) L7-d DT, [{E
ITIBRTELL. Zhid, “UhARE” LT
NTWAEET, AiEh (1986) DFEED LY+ —%
HAWCHIBE ECEM L7 & XICEEET T 1:AREr
Mo THH, ZOHROMEHREOEZRIME, LEO
BEWIZEIADDEEZILNS.

5. HAEHY—-ICLBBARER

5.1 #EhBICHIT3KTERE

EREIE D (19872) 4 v N — VRS 2 AW T
FEABDOENB OEFEBRANZIT o TW5h. ZOEREIC
IniE, EnB LTS MEELE3 o0y 17
KRG E&NE. Thbh, A) EIERTZOME T
O, BEITHEL b O CTHERLRICHEE L TR 2 41E
BBOBEERMLTWEEEZ SNBSS (0K,
OK2, MN2), B) FiHMOENBEHTI A TS
B4 (KK1), C) FiHMOENEHSIHOITW L5
4 (SM2, SK3), D354 T TH5A.
INLDIFIIRDEINAENE LITE, FhEFEh
1527 FrBEBUAO « +5 v 7 BHILA 5 m
MR THREBSN TS (0K1, KK1, SK3). 2?3 »
B OEMFLICBWT, R—F TNVKEF A+ ¥ — (SL-
2ERAVTYS) #AVWCTREMYBRELIIZE L AR
EHEIBIIRT. ZhODBETLIE, BT 1m OFST
80cm DIBUEEFICL VRES I, EHIIT2RTERS
nTwnb (gD, 1987). FLAICHEER L7-kE i,
U —REERE L TRV, LU F—I2X DY
BAINLZ L3 BETLRSHLETABDLEZTE
Wy,
EIOEDPS0K1DA) ¥4 T7DENBLETIE, 13&
AEKEDPFELTW WS E%h2 5. MFEIBICE
ELAZROREBH CEIARIRELZVORL LI
V. B) ¥4 7DKK1 Tid, SInBREEEHCRES1.
3ppm DKENEHE SN, SARHMEL-EELY
b 7 AOFFKEMKIBENES LT B, BITRT DS,

— 68l —




e,

WERAEFRAREBE £115)

G
(SK3j]; ~
|

Pam

tos0m ] 1000 2000 3000

==

a4
3G,1T)

" e
R i (NRT-16,1

s
W% 1 (0K1-1G~4G,1T)
N

)
Al
0K2-1

BESH FERBICBIIDAALYF—RURESTOREBHIT (GIT ALy —, TIHREFLRT) & 1986 FHFEZRE
BKFFICAE U-SINESA St (GRK-1G) 1357 — & O F — % FW TS R € 49—, ZFIW (FTG-1G~2G) &7 —
yaA—2HVLKETAL Y —-ThH), ZRUARTNTFUA M) B2 ToTOAKEF AL —Ths. SNELA

LEBEIE A (1987a) ICK 5.

Fig.5 Location map of the hydrogen and temperature observation stations and the open cracks newly formed
at the 1986 eruption of Izu-Oshima Volcano. A combustible gas sensor connected to the data logger
was set at the station named GRK. Two hydrogen gas sensors connected to the data logger were set at
the station named FTG. At other stations, the telemetered hydrogen gas sensors were set.
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Fig.6 Set up conditions of the telemetered gas sensors and the thermometers as of March, 1987. The gas sen-
sors “NKT-1G” and “SK3-3G” were transferred at the summit of Mt. Mihara. The gas sensors
“OK1-3G"and “KK1-2G” have been removed as of July, 1987.
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Fig.7 Diagram of the observation hole in each observation period. In the earlier versions (two types shown
in the left in the figure) were used, the outputs appeared to be affected by the climatic conditions
which caused the variations in the temperature and humidity in the observation hole. The variation in
the outputs disappeared after the new versions ( type 1,1 and ) were adopted.
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Time variations in the outputs of the sensors and the surface temperature at the observation station
named SK3 during the period from February 11 to 22, 1987. The arrow “a” indicates a time of the
modification of the observation holes. The relationship between the outputs and the surface tempera-
ture was found before the modification of the observation holes. After the holes were modified, the

effect from the surface temperature disappeared.
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Fig.9 Lateral distributions of the apparent hydrogen concentration of the soil air in the radon observation

( a ~track method) holes (KATOH et al., 1987) at the observation stations OK1, KK1 and SK3 using the
portable hydrogen gas sensor. The hole numbers are indicated on the horizontal axis. The holes are
set in 5m interval. The lateral lines are arraged almost east-west direction with crossing the open

cracks.
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Wi DA BIA A 7 $HE (RENEERSRER)
THE2ERIRT. TICRFAEHELER-2F VL
Db 20mV ULEBVE R LAGETIET.
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Fig.10 (2) Time variations in the apparent hydrogen concen-

trations at the stations OK1 and OK2 using the com-
bustible gas sensors connected to the data logger
(1986. 12.7-12.22). (b) Time variation in the hyd-
rogen release parameter (apparent hydrogen concen-
tration at OK2 normalized by that at OK1). (¢) Time
variation in tilt at the northern part of somma
observed by Oshima Volcano Observatory (Univ. of
Tokyo).
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THIGE, TAE =D ZHHE L I3
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Fig.11

(1987.1.30-6.30) Mk EdERERERBAKMLBNF B 2BMEE AV, 4A27H-54 13 BOBHOBKEID
WCRARTRBIEFOBMES M L. KED 2 ZBHILOREREEE, bid M5.1 OFEFBETIHE, c 3V XLy ¥—
P EBBEEARPOHFEESRAOLEE, d MFTAEHEHRBLEEE TS M3.2 O#E, o KK 1EMH EISRE L7oRiEE
WAFHORT v TIRELEREFE LA L & (GEBEIZA, 1987b) % ZhEnRT.

Time variaiton in the outputs of the two telemetered sensors which detected some spike-like release
of hydrogen gas and the precipitation (1987.1.30-6.30). The precipitation data are obtained at the
Kakihara observation well (GSJ). The precipitaion in the period from April 27 to May 13 is plotted
using the data obtained at Oshima Weather Station (JMA). The arrows “a” to “e” indicate the fol-

“«

lowing events; “a” : modification of the observation holes, “b” : earthquake ; off the east coast of
the Izu Peninsula (M 5.1) “c” : alteration of the control method of gas sensor, “d” @ earthquake;
“

southeastern part of Izu-Oshima (M 3.2), and “e” ' step-like contractive change in strain observed
at the open crack of KK1 (ENDO et al., 1987b).

2% OK2RUKKLICBIIAF ALy —28f 74 (AH) LENEHOMWHELE (E#EEh, 1987)
Table 2 Monthly spike appearance frequency of the output of the gas sensors at OK2 and KK1 and monthly
change in strain of the crack at the same station (ENDO ef al., 1987b).

Bl %2 (OK2) EE®$1 XKD
Monthly spike Monthly Monthly spike Monthly
appearance Change in appearance Change in
Month . .
frequency of strain frequency of strain
output (mm) output (mm)
Jan. 0.36 —0.65
Feb. 0.56 +1.2 0.38 —0.83
Mar. 0.50 +0.9 0.21 —0.19
Apr. 0.37 +1.0 0.12 —0.20
May 0.21 +0.5
Jun. 0.20 +0.1
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Fig.12 Relationship between the monthly spike
appearance frequency ‘of the output of the
gas sensors and the monthly change in
strain (ENDO et al., 1987b). The monthly
total change in strain is used for the OK2
result, and the monthly step change in strain
is used for the KK1 result.
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