WEBE# (). Hot Spring Sci.), 61, 49-63 (2011)

& &

TCHIL N ORI X 7 ~ H A DPREE M &
H AR L DAY VOB

FEPEREY, oEE"
(PR 23 4 4 J1 26 F2H, PR 23 48 5 /1 26 02 50)

Distribution of Methane Gas Associated with Hot Springs
in Hyogo Prefecture and the Removal Processes
Using Gas Separation Facilities
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Abstract

Due to a fatal accident involving a methane gas explosion at the Spa facilities in Shibuya,
Tokyo, in June 2007, the Hot Springs Law was amended in November 2007 (in effect in Octo-
ber 2008). Accordingly, the current Law requires measurement of the concentration of
methane gas at all hot spring sources and verified countermeasures to be in place against
concentrations of methane gas in excess of a standard level as defined in law. Immediately
after the accident, in order to secure the safety of hot spring sources, our laboratory con-
ducted investigations into the relationship between the distribution of methane gas concen-
trations and geology, as well as methods for the removal of methane from hot spring water.
The methane concentrations as measured by the water displacement method at 115 hot
spring sources ranged from N.D. to 1,560%LEL (Lower Explosive Limit). A total of 26 hot
springs out of all the investigated targets (22.6%) required the removal of methane gas because
they exceeded the standard concentration level (50%LEL) that is regulated by Hot Springs
Law. Those hot spring sources emitting high concentrations of methane are located in the
geological layers of the Osaka, Kobe, Izumi, Tanba and Arima Groups.

Based on their principles of operation, the gas separation facilities that are used for
methane removal can be categorized into four different types ; i.e. separation (water tank),
ventilation, pressurized separation, and sprinkler system types. At the hot spring sites, gas
separation facilities consisting of a single type or a combination of two of these types have
been used in practical applications. Among them, both the ventilation and pressurized
types are less effective in separating and removing micro-gas bubbles when used ‘stand
alone’. However, if they are combined with either the water tank or sprinkler systems, they
can remove micro-gas bubbles effectively. On the other hand, the sprinkler-type system can
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remove methane effectively, even if used by itself.

The results revealed that there is a relationship between the distribution of hot springs
containing high-concentration of methane gas and the geological data. Furthermore, it was
confirmed that the methane gas was effectively removed from the hot spring sources where
the level exceeded the standard using dedicated gas separation facilities installed at the sites.
In all, useful fundamental data concerning countermeasures against methane gas could be
accumulated.

Key words : Methane gas, Hot springs, Distribution of methane gas concentrations, Geology,
Gas separation facility
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2007 4E 6 H, WRHEAX OSBRI iz CIRENE A ¥ » F 2 2B & T 5 BB TEH
MSEEE L, F0#%, 2007 4E 11 BICI3IRRELSYIE (2008 4 10 A KEfr) Sk, FIHT 54
TOBFRICKLTRAZ VTS X OREMEZ M L7256 ORRERFRB T 5.

MIFIEAT CIILEIE T 0L  OFRICBU 2 REMERD DI, TS EE %D SRR AR
AY UHADOWEIC L DIRESA & E & O, X ¥ OREFRICE T %A 9%
Ji LC &7z, EORE, 15HRICBIT 2K EERETHES N XY VEEIX ND.~1560
%LEL (Lower Explosive Limit) ®O#iPiTH 72, TDH L, HRETHET LI A Y v 0
Hefili (50%LEL) 2L, X & UxEPLEE o 7R3 26 i (226%) THH, Fh
5OJRRIE, KRR, MhEEEE, MRBEE, JHER FERERECAE L.

T2, AT UOBREMEIZHVONDE AR M E, FoEMNS, ARG (K
1), 05N, e ORGSR EmEs# s ATiE, ~4 2
TN T H A DB 2 A0 % 08 - BRFET AEIEIMRV DS, O Bk & oM eI
L AREICL Y BRETE. —F, BKkERICOWTIE, ¥4 7 a7 VA 2R EOBH: S8
ZorHE - BRI ARESE VO, B0 bR CTHEA LA TH Ay v RBRETE
LT H o7z,

F—TJ— R XY UHR, WBIR, AV N RS, W, H A5

1. U &I

2007 4E 6 H, WEHBIEA X ORI iR ClRR AT 2 TRERR T A (25 V) %EN
& T LRI CHMDFEA L7z, MR ClE, RERTOZ K OIRICBIT 2 LHEMED 2D,
BB S L D A 5 Vo irid 2 (K8 - )G, 2010) L, Baox sy Yl ER_L TE 7.
Z D%, 2007 4F 11 FITIFRAEATTE (2008 45 10 A#ifT) &1, FIHT 28 TORERIIONT,
A5 v OHRIE & IRMEME %858 U 72 A IR SRS SR B S,

COFEYIEIIF LT, WIS (2010) (ZALIEENOPRDO A ¥ VHREEZFERL, FIZA Y VD
WS N2 R OB R AN D W T O REZ WA L, —EITIE A & v 28l LR 05
fLWHEDOMBRICOWTHIERL TS, F72, BREEFIRAEE 2 & 203 2 R SREU %
OREWOHREZR L 72012, A7 UREOFEFZRAEL, BELASEBRL LT FLHTW
5 (BRBEA AARRBEN BARBRB ML S TR, 2009). LaL, A7V ORESMMiEMBELD
M ERB L ORI L2 A 7 2 OXRRIC L o THEBE R F A 58RO BRI 5 #H
FRIFEAEZENTOURWY, 2Ok, FHELIIINTTICERML CTELA Y VALK REZ I,
LT OPFRICBU B A & VIREG & E & OBEMICOWTIHNIT 2179 & & IS, T A5EE
A OREE L RFERIEICOW TR 21T o 28, ARG HAPE SN0 THRIET 5.
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2. A pr

2.1 HFOER

AR LI T 0 115 JUR Ol A BE A A & L, FAE & 2007 4F 10 A ~2011 44 H & L 72
(Fig. 3Z2M). & Y OWELFNEBESRE OR BEA SR, 2008) [ZHIEPEL, 7
V7 lEEER (ERTE, 2008) BLUBREAEDO X ¥ VIRENETFE Y= 27V (BREEA HIRER
B, 2008) 220 %, K EEIRE MANZEKWERB LAy FAX=Z (HS) Howv$hny
ZERL b, HSELIZWERGENICEEDS 7O 1 Gl A =1:4) BEORRKZ R
WL, BHLTHIRE ) LABROSTMERINT 2 HETH 5.

2.2 BIEF*

WP, PR (L% - IO, 2010 ; R¥F 5, 2011) BX A & ViENE FE~Y=2 7V (B
B54 FUAREREEI, 2008) 12X D, A& IIWIRMET ARMNRE 1 & ARFERA F VLRI A 7 1
~ b5 7 (GC/FID) #:, Widk, ZBHEB XL REZIIBIZEEREN GC (GC/TCD) #:%
ATz, M L7226, WRTE A A M3 GPSSA (FREFET#s4tE), GC/FID & HP5890 (7 ¥
L v M8, GC/TCD 13 GC3200 (¥ — T V44 v A4LE) Th o7 A ¥ v OEe FHREE, 1T
IRVE 7 AR B TUE 02%LEL, GC/FID #:Tld 0.02%LEL (K% 5, 2011) Tdh -7z %8B, %LEL
EE K A OWIRYET A DB TIRFE (Lower Explosive Limit) &IEEEME D% % TRL
ETHY, A7 VOB THRAMEIES5vol% THDHZEnb, 2% ¥ 1%LEL i 0.05vol% (A4
TLHMTH 5.

HRECESLCRED D B, RRETHE SNLEEBEU LD X ¥ V2 E5L0ErORE %
Fig. 1WI/R U7z, 268l OK Bl © 50%LEL, #2240 25%LEL, HS i : 5%LEL) %z %
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Fig. 1 Flow chart of inspection process for the concentration of methane
associated with hot spring water based on Hot Springs Law (Ministry of
the Environment, 2008).

1 BRECEILAZCOBREFZED7O0—F v — b, BEEHKESER (2008),
— &b
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X 8 ¥ % e IR AR A LA O PRI ] AU EHNBELLDEELU LD
RERY, A5 OBRS: - ARRICEABE L 5 Wﬁﬁﬁ?ﬁtﬁi
b, EbIT, A Y URRRICIHERO -0 O = . =
PRECH ), TOWEHEE Fig 2 1R ”Xﬁ“fﬁwmﬁ |
N 22 R ML O AL 2R D X 7 VRN [FAnERmRBE - F KBRS TS |
25%LEL £, HSEOWEIIEMP D X & ik hm im
FEAS 5%LEL Al & % 5 2 L ABUE ST W 5. ARERRTE ~oFRR— R -
AR R EHY25%LEL AR REAS5%LEL
LETHD LETHS
3. BREBPLIUEE NO  YEST™ --="""NO JVES
3.1 REETORRMMA 2 HAORESE  [GrAEEHo L '
EHE & DR L
3.1.1 XZ>OREESS Fig. 2 Flow chart of verification process for
T O 115 FHRICOWTHB A 170, the concentration of methane after re-

s . < s N o moval based on Hot Springs Law (Min-
TRATBEX & VB2 e L7z, K ERE i istry of the Environment, 2008).

SNZHIEREZ Fig. 3R L7z, A% ViR 9 EEEICESC X 2 LHEBORRD -
N.D.~1560%LEL O #iPHTdH -7z, F72, KL wgﬁﬁﬁﬁ®7gji:—b.%ﬁ%5%
B AR & 76 72 77 2 0 E G — BLB SRR (2008), bz
FFEEIEETHo 2

BB, WADOFENRDLNL W, HIELVIETADOREENV WDKK EEREICE S H R
DR TERH o 7259 FRICOWTIE, HSEIC X 2MEEITV, & TOPERD HS 30 I
(5%LEL) ##2 % \\WZ & 2R L7z 1T, Fig. 3 O T5%LEL Rz L7z, $72, Mot
&L, AKEEEEE X OHS IS L 2 R o 72 LIFRISOWTIE, MAZRRIE SR
iz R L7z, SHICI4BRD ) B, 27 VRIIRE L ZOJRRBOMBEG %G5 LR,
<5%LEL %383 Jiit (72.8%), <50%LEL %<6 ¥ (5.3%), <100%LEL %34 ¥ (35%), <300
%BLEL %% 5 J5 (44%), 300%LEL=<%%16 it (14.0%) THo7z. Tz, REHEZBR D A5 V0
s, X% okl AL DL ETH - 72 IR B 26 IR T, AR O 22.6% 14
L7
3.1.2 XACOKREREEHE EDRERF

ALY ORIIBEE T E OBREEET L7202, A% ViBED50%LEL U ETH o 7R
HHLE T AR OWE 2 g N LR S ARME NHREZ RS, 2003a) X DR~ EN5 0514
A LT Fig 3R L7z, ZofE, KIER G cEbLTw 5729 Fig. 3 Tt
HEEENTORWVA, FTRICKRERSEET 25 QLR AR XNmEZE S, 2003b) 0%
Ete) T8I, MBI 7R, KRBREHE &M EEEISRIE T 2 i ik 2 JiR, fiRkE
BETIE 3, KEUBREE MIBBRE ORI T3 155, FRUEH, AEEE GEWnsEcs)
TlEENEN 2000R, KBEHE & FHEREREANRAE T 2 IR Tl 1 IRRA A ¥ V2 LIRICHY L
7z B, HWEEZOHEMUE, KRB D b LFHEE S EULOEH IS, i~ F 5
BIH L SR o, MRS S SRS, MRER e A BRBEATELOMTIC, FHEE
MIEY 2 7RICREY L7

MHFIRAZ BT BIREAIBE X & > A A O & HUE & OBRIZOWTIE, fFIIEC RS =
Y ERERBRIUE & 52 HR T, &EEETI85v0l% DERIED XY VPRI E T2
Z & (RH - IR, 2008), dGifEE T A 8 v &R U722l K 2 BRECL 7= Hu g 13 88 =iz % v
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Fig. 3 Distribution of methane gas concentrations associated with hot spring water in Hyogo
Prefecture.
Concentration of methane gas associated with hot spring water, measured by the water
displacement method. O* : <B%BLEL, O : <BOBLEL, @ : <100%LEL, @ : <300%LEL, @ :
300%LEL=. = :Includes hot springs with no emission or no detected methane by water
displacement method but measured by HS-method. a : 184%LEL (the value in air in tank)

[strata]

Osaka group : B upper subgroup, M meso subgroup, [lower subgroup

Kobe group : [[J upper formation, [l meso formation, B lower formation

lzumi group : [ shimonada formation, [ nada formation, [ kitaama formation,

[Janaga formation, [ seidan formation

Arima group : [ kyono welded tuff

Tanba group - AN

3 EEETORRMEX2DERES.
K EBEHREIC X DERAR 2 5 T RABEEOWE. O 1 <B%LEL, O : <50%LEL, @ : <100%LEL,
O : <300%LEL, @ : 300%LEL=. #* :HS{EIWC X DHIE Lz A5 VDS 5%LEL A O R % &
& A 184%LEL (FNZERMlE i X 2 %)
[Hh)E]

KBt - W R e, I SRR R, ] TS e

wE kR O R3S, O hsae, BT

fUrEr: O v, OERkm, OAesrssiE, Oise Rk, EbxsE
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ZE (MBS, 2010), WHIEBEMEBHASKBMEX Y V2 EATARRPEHRLTVL I E (WK
2004) SFOWFITREINT WD X118, KREMRED A ORI HEH M - o kKETH D
(BRZF, 1994), IBPHLVWHIBICHR EINLZ RSk EZz bN5. £2°C, Fig 3IZEML
7oL A W2 B RIRIED X & ¥ Hl S N2 IRIR AL S 2 H g D AEARIT DTG L 726 3,
HEHRTA Y v H AL BB HIE T ER I LR A E T 2B 7 A Ho B RE L[4
TH L EH - ORI, NS OMBOER LY v, HEZR, Y2k
OHERE, BAEROBREBKAETH L Z LD 0hrolz. ThZDOWT, [ARBORKI A (4
ROFACIAE S THEREN L A A) | O¥ad, hAEREELY SHEMREE SR, ThiahaR
ZEROHBN S A & L OBRIDTRD HNTWAS L OME (TR, 2008) 23bs I Erb, HE=S
AR OHE D LM ENT AT VIZOWTIE, ZOHOH A TH A Fetkrsm v N S hrs.

T2, AV YORIFEE LT, XY JTTEIHAEWIC X 25 W O3 ETHER L7 ZBILRFE» S
T TICLBBILTHERT 5 LG (15, 2002) SN TwE. LiolEohtid
T WFHE R OME ORERIZ O W THRRZER, FHEEEE, BEEY VMG, RO Bh
Fr— MO (CERIARMEMHEEEZES, 2003c) SNTWL I Lghatz. BUEHE
BHEBETH L (CF, 2008) ZEE05, CALOMEOMEKTREZEOEEYWEZ &R, 02k
HFREBRET A 7 VSIS MR T VI O—2I2 o TWH D EEZ SN 72, riEkt
RMBEERETIE, MWL HEObAZL e (R TR B MRS H4, 2003d : A6l o,
1997) 2 ens, TNOLOEERMEN A5 v ORFEOV LD LN STz,

X512, BT MOA BRI SIEEEBR 5 X ¥ VI S FRIZOWTHE 217 -
72, 1) WU ORERIIEK SRS B TAMMETHTH ) (LR R R X 5 2%
B4z, 2003e), FKHRHEOA AMOWEE (Wa, BIKE, BIXAEAS) (KK, 1994) L
OB ETH-722 00, FEBHOMES A Y v OFEEICR Y S WHRESEZ SR
7o, =0, 2) REGENNTOERE»H A ¥ 2 &t (2655v0l%) RS AKOE I Z ML 728
S GERE - B¥, 1998) &, ZOHEBNIOWT, HERETIREWIERELS A7 Ui Ehs
RN 225, BRZWE?S A7 U R BB L CEMREEZEZLTBh, 4N
DEBBEEDOr —AZ2onTh, FRICMET 2 M (HARMES 2, 2009) (2 Shiz 2
& v OBBOWHEME S HEH S 7.

RIFAZIE, AW (WEERRAT A) OGARIERD b Tuiwv (K, 1976) 4%, WRET
B SN EE B D EIRED A 7 AW S -t e LT, REEHE, s, fRE
e, GEEEE, FREEEEART O N S, 20X RIEESA T 5 MR T OISO WTI,
ALY AT HEBRVPLELE 2 b

3.2 ZHRLEAADEEREICK D X2 ORESFM

H ARG &, TR EE G OMRRKD O GHINLEMARTO R & VIRED, HRETED
LIEMEMERIGE 22 T TORM] EEREINTBY, WK, FAENSL—F —S5054T5. &
ST, BETRER A Y VA ADRR LI, AR —F —ofidE (5 225~ OFEERE (]
i, KPR L UCAE, SaDREESH) LW RRLZZEPBESINS.

ARBFFETIE, FAAS L 72 TR U CRRiE S 7 A0k 2, BRiE odidldE (BRIEE HRER
B9 FARBR B M B HEE, 2009) ICHEL T, SEEORAEBICE SR, HRGEEHR, ok
FH, MEGEERN, A BWEER) HRCaE L. 28, BERIIRT, FNENOT A5
Wl oW eE, THRGHGNX P 252 EHNE L@ IR 20D, IRKICEENS
T RRERIR A ADSHIRC S 2 7 4 71, THokTF T - iRIRK % 50 £ 72138, & 5\ i3kl
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ALSETHET T2 LIRS Hah0 ), TR #Ed 2K SEEE I BB T ORIk & BRI B
U 7= TR RIR AT A 2518 & % BB 1B & TR RIA T A % B IRBEE 3 5 & 9 1SR R T 55k
fiii ], THR (BEMFER) 3K 0 B X 0 BRI IR R R D A 2 HER T kK] THAH. 22
TiE, H—o0he, ZhozMATMEL LT 11JHE (R A~K) 2REHAF VD
PRt EER L2 2B, HR A~K OF IO TR BB X ) RIS Wz mR A A
AHDRA Y VPR, Mo b, E AT

bivhero i a2k E, 54~1230%LEL O i Table 1 Methane concentrations measured

PHCa -7 (Table 1). Ey the'waterlldifsplacAemeEt method at
Ny _ o e ot spring wells from to K.
3.2.1 E%ﬁ%ﬁﬁxﬁxﬁ)kiéxaxwx £1 AESHE BRA~K) B BKE
DR #E - BRETE BIEICED X 2 URE.

IR OF MG T, Tk ROk zE R : RO R £ 5
T B2 THIEKEBAL, W8T 5 KA o 25 ZIE (%LEL)
BETHNTVWDZ NS\, ZOIFKEILIERR N 166
KERFRRT 250 & LCOREELUINC, 25 v % B 54
G - BRI A Bk & L C o%Re D I 2 C 840, 423
TWb. L7 T, BAFEORREE % 7 A 5k ik D 548, 238
i LTHRES TV A IR D S HED S E -

DL BAKHITH AR A~E (Fig. 4) 1 . e
DWT, FIFKEIC BT 2 NERE X O KA . e
HEBOWPEAD HS 2L B X & VRFEOHE I o
ﬁf%% Table 2 c:ﬂ_:\‘ L7 t;ﬁ, Zliiﬁ@ Table ':P ] 1230
T, Fig. 1 TRLZERREETHES NI X Y ~ K 785

Ny n‘u N 3[,4—- : \'y S N ol
IR LTV A HEMIC TR E L, A% P BRORARE LU LCnn i, 2

HEREMHIC B 2 WMEME FHAL T TR L. F NENOWE % Sk
7z, IR A~E O 7 X5 R & & O ftiak O R RGO 1 HE AT H > 72 5 1t —
% Fig. 4 (1) ~3) TR L7z, R A, Bk Z AL

Table 2 Methane concentrations in air in water tank and hot spring water after pass
through tanks, measured by HS-method at hot springs A, B, C, D and E.

® 2 FRA~E LB 3HKETOEAZIRVEAIERBEDOBRKD HS & ICL D
*EVRE.
IR (IRULRE) A M AL (DLl MR (RLBERA)

(
PR s mmEoHS  MIAZRA BBROHS  MNER E#k%o HS
(%LEL) #: (%LEL) (%LEL) #: (%LEL) (%LEL) #: (%LEL)

A 100 2.8 — — — —
B 29.0 1.1 — — — —
C 36.1 1.5 <02 1.2 — —
D 26.0 18 5.0 1.5 — —
E 45.0 6.0 16 29 0.5 1.0

YHS i - EAGNICHED 500 1 Gl - KA =1 4) OB ZRIL, #H L Tl <k
£ L7IthDEMB DX & Ve 2 WE S 5 Hik.

TREEAS L7l - G CED S NI ETHh B 2 7 iR

FHMATRE L7 W R 257 A 5B T dp % A & i EAR.
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(1 = 18 (Fig. 4 (1)), JH®C, DI %

== . FEPFAF I BTE L 725 S KAl & R R

AT L7258 iKMo 24

(Fig. 4 (2)) 2H35%. 72, BRE
KOV Z B S 2 U0, JLEAY,

#P WERKAE D 3 HASEHNERE SN TB Y

(Fig. 4 (3)), IHR A — "— 70— L7-i7

WARPEKREINDHEL > TV,

IR A~E 2DV, Fig 2 oMl

WD E X7 VoW E® Fhi L 724
B, WTNOJR S I K2 @S5
XU XY, BEKREAST A Sy HEaAn & L

TRRKAE THEBEL, L TBUE Sz 2R
W GFIR A, B KA (R 5B di)

1 B OIRREAKD HSEEIC X B A % Vil

i - 5 BEAE A3 5%LEL Kiili, R C D, E: 7

pread —> EEZD > B2 —> Y T Y
RN 25%BLEL Ki) L, A5

E T ICBRZE SR TWe (Table 2). L

7255 T, R A~E oW Tid, Bk

Fig. 4 Separation and removal equipments for methane Ofitiae CHUEMILEED BT, KR R

e %

(3

gas using water storing tanks (one to three tanks). ¥ AR NE TR o7

Arrows show flow of hot spring water. R )

(1) using one tank ( example of hot springs A T/, PR C DA 22 AT

and B) , Bk TH 545, Table 2 1R £ 9 12,

z<32n>d uDs>|ng two tanks ( example of hot springs C LB R R 7% 0 T K1 HS

(3) using three tanks ( example of hot spring E) HETRAY VIRENSBLEL Kiili & 72 - T
4 BPKHEEFIALLX 22 HAOMEE - BRESE. WeZeps, FRAMEIMTAY VR

SES R A OTALE 7T, (1) WA 1Mo RS
&GS A B OB, (2) KokMiA 2 MoK s (5 TCIRETE S 2 eniph o7z Bk

C, Do) (3) WkHiA 3 HIDHE (IR E Ofl) E 2o\ T, TRBAl (55 =) oz
R AT 1L6%LEL & 3k % il 25%LEL # i
(7 A5 BB O RN DR A & VikE) TTRBILSNTWZZ2 05, HFolE
THH AGEERA L L CTHRREL Twb 2 LSk s /e,
3.2.2 BRAMEARX Bk CHAFIXOBEEBICLIBESE
B FIZoWT, AL FARC, AR 1/ (Fig 5 (a) : BETIZFRIEA 2 Rk S
TW22A5, WHNIHEAR L CHHT 5720, FA5HERME LTI L) 257 2 55HEd & L Chng
L, A% »& MR T TRBILTX 2060 %2 MEE L 72, Fig 2 OMAEFEICED X, KM
HEMBEOWMBEAKITONT, HSHEICE 2 2 & ViBERX B L7, ZOME, 2 ¥ ViREIX Table 312
R XD, 88WLEL CTHRIUEEAZ WML, X & YIRS LETH 72 —7, HPHZELIE 205%LEL
LRI T, BKAEASA A EERA & L CHEREL, MNTR Y UGB E N T WA Z L 2R TE
72, BB, AF UEBRETLNKRE LT, IREROFRTEAEIC Fig. 5 (b) (IR THUKEEE %
MY 2HEERA L. ZofRE, MNZERA606%LEL &< %5 — 4T, MKWk o
KD HS 12 & Bt 47%LEL THAEM B%LEL) i TIRE(LL T, Zo k9
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Fig. 5 Separation and removal equipment for methane gas using water tanks
combined with sprinkling device.
Arrows show flow of hot spring water. (a) tank (b) sprinkling device
5 BFKEEBKEBEOHERICEDAZHIOHE - BREFRE.
KENFMAEAKOmNZRT. (a) AR (b) HukiE

Table 3 Comparison data for methane concentrations . . . .
before and after removal of methane using a sprinkling I, HOKSEEOBAIZ LY, _){ 4
device at each measurement point at hot spring F. YORFEENEE S E 2HEET
® 3 BRF LB ERTER TORKEBRBAROSL 5> &7z RHOKEE IS » oK
RIEIR. A b TARE TR, A
BRI sy Ns] HRNIHERET 5 720121, ZEEDS
A DR HS % MR Eligo H AN TR & D b s
(%LEL)  (%LEL)  HS4k (%LEL) B NCH D - L
R 2 18 R 1 i 87 205 838 I KA DRI BRASEEE & 72 » T
PR HE 18 1 14 87 606 47 "
HS %  EASRNICARO 550 1 G &=1:4) %o 3.2.3 BRAMEARX (Brkid),
TR ZFRIL, B LTl RS 5 LzkosUh ]S (BEEES) FRXb &
DAY VIRERWET 5 Ik . . -
(63 DHEEEIC
THREMN LM RRETEDOSNEEMULETHL X v ﬁu(ji,it #a &
_— BEFE
TR BEAR. ) N -
BHETRR L7 2 WSEMPIA XSS ERI T D A 7 > PN, R GIZoWT, 3.2 LHLN

RIS, BEAE ORI AR 2377 A 551
Befii e LCHEREL, A% ¥ & LR TIRIRILTE 2B 2 MEE L7z, FHA G i Fig. 6 12
R LIS, BRI ICRRE S 2R A IR K 2 KL, 225 58 700m B 7z 3 e
BRICHE LCWvd. RGOS L T\wa 3o ) b 1 ik (3R b s o P kil & 4
T 5D, ZTOMD 2 JEiRIIER A Y ¥ FED 720, Bk ZZT TOARWHEETH 72, D7D
Fig. 2 1230 MABTTENE, F A BERR @B AR R E SN TR WEAICRE4S L, HR
IRAEEE % DIRBEAKITDWT HS B2 4T 72, EORE, FRAMERBZ OB KD HS iEI12 L % 2
5V IREARIL 6.7%LEL CTHRMEAE SBLEL 88 L, A & VXD 720 O it i A5 &R &
N7z, WG ) 2 7 0 OB R A2 R E £ DT Table 4 ISR L7z, AOXHKE LT,
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Fig. 6 Separation and removal equipment for methane gas using water
tanks combined with exhaust ventilation and sprinkling devices.
Arrows show flow of hot spring water.
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Table 4 Comparison data for methane concentrations before and after removal of methane using
a exhaust ventilation and a sprinkling device at each measurement point at hot spring G.
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Table 5 Comparison data for methane concentrations before and after removal of methane
using a pressurized gas separator at each measurement point at hot springs H and |.
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Fig. 8 Separation and removal equipment for
methane gas using a gas separator with
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Table 6 Comparison data for methane concentrations before and after removal of
methane using a gas separator with function of sprinkling system at each
measurement point at hot springs J and K.
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