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Abstract

The composition of inflammable natural gas incidental to hot spring water in Nagashima
area, Kuwana City, Mie Prefecture, was analyzed in terms of its feasibility as an alternative
to petroleum. Wells with a depth of about 1,500 m are located at the south-western margins
of the Kisogawa gas field. Based on the concentration of methane in the natural gas, the
amount of hot spring water discharge and the gas-water ratio, an emission of 87,000 m® of
methane per year was estimated in the case of maximum hot spring utilization. This amount
of natural gas containing methane corresponds to 8.7 million yen in the case of maximum hot
spring utilization, and 15 million yen over the entire Nagashima hot spring area. From the
calculated carbon isotope ratio, the origin of methane is assumed to be microbial rather than
thermogenic. These results suggest that the use of incidental gas from hot spring water
may contribute to finding ways of solution for energy shortages and global warming.

Key words : petroleum alternative, inflammable natural gas, incidental gas from hot spring
water, Kisogawa gas field, global warming
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FITEELIE, CoOMTHEETAREMNESAORBI ANV L LTOFERAEEZHBE L
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2. A pr

2.1 REMBOBE EHRER
RO FREEL, KARFTAHE UTHHEI S N2 UREOREBR—) ¥ ZORIT L > THY
MBI ENTED (BHS, 1969). FMIBMOMEW N Z Fig. 1 1R 7. RERROMTICIE, &
B IR OMAEWR B ER L TBY, ZoMMEITRERERE (Tokai group) &IFENTW5S.
AR THR L LR ONERNE Fig. 2 IRT. AFATIREHEEILHOZATTREITNICSE

(1) The mountains region of Yoro
@® Yoro-Ise Bay fault
A (3 Nagashima hot spring area

".-'."=}".-'§'-'_- Ama-Yatomi formation

% Tokai group
Miocene series

m Basement rocks of Mino terrane

Fig. 1 Geological profile of Nagashima area (Takada et al, 1969). Black
bar in the lower map indicates the cross section point of Nagashima hot
spring area. A thick layer of accumulated sediments (named the Tokai
group) is located beneath the observation area. Nagashima wells were
drilled to a depth of about 1,500m. The strainer is situated in the Biroku
formation, which is the basal conglomerate of the Tokai group and serves
as the aquifer of hot spring water.
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Fig. 2 Locations of observation wells
in the Nagashima area. The town of
Nagashima (Kuwana City, Mie Pre-
fecture) is a southern suburb of
Nagoya, central Japan. Most Naga-
shima wells are 1,500 m deep.
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RTHY, HEMIERZHGITONL TR REIZH S, LI2B->T, THOMREPEIILTS 5
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REMIBRO—IOBRBICBNTIE, A7 A8, A5 R TBRENEVE W) LR E AT
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Fig. 3 6'%0-6 D-diagram of hot spring water from Nagashima spa.

Table 2 Methane concentration, gas-water ratio and guantity of water discharge of hot
spring water and incidental gas in Nagashima area. Emission of CH. is calculated from
these parameters.

Well ID Sardnéﬁléng concei];llfation (iist_i‘())v?";oe)r Quaggglgf gvg ater Emtsnslls(}lé;f )CH‘
(%) (m’/day) Y
No. 1 4/Jan/2012 66.4 10 1174 78
No. 2 19/Jan/2012 77.1 13 242 24
No. 3 19/Jan/2012 76.5 22 1423 239
No. 4 20/Jan/2012 42.8 2 503 4
No. 5 20/Jan/2012 112 9 0 0
No. 6 20/Jan/2012 358 8 329 9
No. 7 20/Jan/2012 24.7 1 1939 5
No. 8 4/Jan/2012 54.7 3 1079 18
No. 9 4/Jan/2012 195 0.05 0 0
No. 10 4/Jan/2012 449 6 900 24
No. 11 17/Jan/2012 428 2 1100 11
1961).
D=8 6180""10 ............................................................................................. (2)

CORER, BREMENSHEBT Al AK (No. 8 & No. 11) OfE# - AELERMAKLIE, W
NLFRAKBMEICTay bENR ZoZ s, IRSORBIHEKOEHEIMET S0, B
F - KFREEFNARA K OEEILIZ L A LRO LT, B KL LA K O EH 25 K
NOFTWANI LN EDPW SN h o7z F72, RKDERTOHMOMR, ST a4 F 0%
WAL £ A& N AER S B AR R 20 B IR E S, — W0 72 MK O B 53 P A 2 HE T A i L A
W LD ZORHELZTRHTH D LEZ LN

3.2 BRMAEH ZADRIEKFRH XK S L CRRECLELED A

REMBICEN T 2B AR X 5 VIREB X OT AR (R, HFEEHLEE
Table 2 IZ/RF.

AL VRREIZOWTIE, AEGOHR T No. 2 05 b <, 77.1% TH - 72. I;R\T No. 3 25 765%,
NO.1%3664% Td o 72. F72, FAKHIZOWTIE, No.32522% &M LTEL, KWT
No. 2 2513%, No.1A%10% TdH - 7-.
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AL VRE, AKX, BiEEEZNENEL T, @EHHBRFICENTZITORO XY X AREIR
MENThLhEEI L. ZO/R%E Table 2183, &L, No.374%239m’/H &2 LT
%<, RWTNo. 1H78m*/ H, No.2 & No. 102524 m’/ H &fva7z. FA G HIg oo b < il
THUMMRIIE XY VREDE L, TR AKEDE Y (T AENE ) EFHFD S,

RFEFNARILIZ OV TIE, REOZEFMMARC & "Colbe L, #HHEE (PDB) 25 O
EARTOCELT, ABNTX DML

85C (%) :@XLOOO ........................................................................... (3)

Ry - i O R ZRIMARIE (BC/*C)

Reps * BEHEGUEL (PDB) W ok MR (°C/*C)

SECIZDWTIE, A% v, ZMbikHE, =¥ v, TuRNVHOREIIOVWTHI L. A5 (C),
T8 (C), 7uiy (C) DI (C/(C+Cy)) & ENENDH AT BIT 5 6°C DHHTHERE,
Table 3 127”7,

T 72, RALKFE e EHIR B A OB OFE R % Table 4 1R, 2 OIRATREA A MK B
X ORFERMAARGHHAOHF ZADY 7Y v 7 ldhloTE, BB TKR EEREICL VEL
TH5, WEBHANDT AHEEOENDLDIZ2~3HD I AL L5 X 2B CTHEETT-72. %
DOFER, FRIUH S HIZ TCD-GC THE L7z A 7 VisEEO TR H (Table 2) & Bz h), X ¥ VipE
ML, B TIVFTZADOEGRE ZF D BRDOBAIRRENT. FH1Z, No. 1 DEHZOWT
&, OO, KR EFALVNVOBEPRALTWIZZ EXRW SN R o720, DEO#ERIC
BHEALZWZ EE L7z, ARIZETIE, X7 ViREORM =S OERNFERIZH 725 Tld Table 2
OfEE MWD Z & L L, Table3, Table 4 Ofitilc X ik, ZoOLME2MEKLZZ) 2 THFH 2
Ll L7 B, Table 4 lRLTIEWARVWHLOD, 7Y (i-Cu nC), }¥% ¥ (Cs nCy), N
FH Y (0-Co) IZDVTHHMEAT- 7225, WIS Shad o7z

3.3 BRMFEAMEH ZADKALKRRFIMRMRA S X DIERIE L EE)
FALKISRIT IR RIA A A & UTRERS %15 B WS A 2%, BEW IR 7 2 (Microbial)
LruYe yOBGHREIEA A (Thermogenic) KBS 5.

Table 3 Ci/(C.+Cs) and 6 °C in inflammable natural gas and CO. contents in incidental gas
from hot spring water in Nagashima area.

8°C (%)
Well ID C/(C+Cy)
C Cy Cs i-Cy n-C, CO;
No. 1 78048 -174 -128
No. 2 301849 —444 —-356 -137
No. 3 267352 —-50.3 —386 -96
No. 4 4336.06 —56.7 —324 —255 -117
No. 5 3058.23 —485 -40.2 —-151
No. 6 3507.11 —435 —289 -137
No. 7 4315.30 —56.0 —283 -148
No. 8 3876.45 —488 —345 —154
No. 9 6757.32 —585 -141
No. 10 3847.55 —424 -137
No. 11 5827.77 —-60.3 —-151
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Table 4 Chemical composition of incidental gas from hot spring water in
Nagashima area.

Gas composition (vol.%)

Well ID
0. N C Ce Cs CO:
No. 1 19.82 77.89 2.16 0.003 <0.001 0.13
No. 2 991 47.78 4146 0.013 0.001 0.83
No. 3 712 39.54 52.39 0.019 <0.001 0.93
No. 4 0.79 21.03 7753 0.017 0.001 0.62
No. 5 11.11 60.08 28.66 0.009 0.001 0.14
No. 6 12.95 5849 28.33 0.008 <0.001 0.22
No. 7 9.69 56.85 33.20 0.008 <0.001 0.25
No. 8 11.84 57.61 30.26 0.007 0.001 0.29
No. 9 13.01 7043 16.34 0.002 <0.001 0.21
No. 10 13.96 63.71 22.06 0.005 0.001 0.27
No. 11 9.96 62.80 27.04 0.005 <0.001 0.20
100000 3 G0 -5in -40
1 Microbial ; _
10000 3 | |
=
1000 3 Mixed
o ]
9 ] Presumptive
g 100 - cnd-chber
S !
10 3 |
1 . | Thermogenic
|
0.1

-850 =70 -6} =50 40 =30 =20 =10
8 C(C)(%o0)

Fig. 4 Correlation between Ci/(C-+Cs) and 6 *C (Cy) observed in this study.

INSD2ODRFEDH AL, Ay v/(yv+Tasy) o (BF, C/(CH+Cy)) RHFERN
PRI DICEN DS R 5. C/(Co+Cy) A< GEH 1,000 BLE), 2% VRFEFRMARLIVNS
W GEF —60% LV F) AR, BRI X AR OSRTER LA RAEARREING. —
T, C/(Co+Cs) HMEL GEE 100 PLT), X% ¥ REFRMARRDEIEAK & v Gl —50% D k)
AL, —HICra Y o VHROBGRRIEAT A L AR INTEBY, EENICHITSNTWDS KK
7 A BN B R IR AT A DSBS (AR - 215 2007).

DT EESTEZT, RUIGETHER S NAERATHE A 2 O RACKE R IRIETIR A A O 5587 5
5, INLORFEIRARILIZONT, UTICELET 5.

Figure 4 12 6°C (C)) & C/(Co+Cy) OB R Y FRHZRT. ZOMETT Yy N2 SbH» 5
912, BREIERO A ¥ ¥ BERNMARIIE —60~ —40%FRETH D, F72, C/(C.+Cy) i, 1,000~

177



A OREL ORI R, GERES T, ik, BN, MIRAERESE, KHEET W REE

10,000 #2EE &, BEW M EIEOM AT 72 v b Sz,

2L, FRICRERMALIZDOWTIE, —60% 7% 5 — 20% F2LFE D AT AR L ATK & Wi )~ o i
Wh7IAY7 MARDLND. FRZZEDBMAEHE % No. 112DV TIE, §°C(C) 25-174 D4
MRS N TWD S, 0:451982v0l% TH Y, KR EIFIZFUBEELXVTHL. LrL, C,
C,, CO:DMEEITRRLIEHILNIIRE D DT, BHIIKAE ANEbo720TIE R, 7 AH%E
BoOREBELT, BRWICHTAWANED - EZONL. HREOBWREIRE OV KA
AR LR T W E R EE T S &, RS BISEST L2 fetEAT s <, RARSHLE O TV 5
OEH R YT M, TOZEICE-THHENSE, ZoZers, A7uy MNP SHEESND
A A (T2 FA2oN—) &, BEWREE S 2 OREHEED §°C (C) 258 & Z-60, C/(C.
+C) B EZ 6000 DB ST A2 EDHEEIND

Fig. 512, MRFEA AR O X & ViR FERAMARL (6°C (C)) &% VB (67C (C.) ©
Juy MAZRT. Fuvy M EOMRE, K - iBHsic BT A8 v - 8 B X URER
AR & Berner and Faber (1996) OEF AN SHEEENILIUEL T A » ThHDH. Fukhfedr &
EbS, RS> T ey FRAEICH o THAMARIEDS Y 7 35, BROEEVEFHMET 5
720I2, ¥ M)A MREEESFIH SN S, AR LSRR L7Z2EE Ro (%) 1Z€ MY A4 N REEE
A (RRRH S, 2002).

BB T A v EREBO 70y b2 ) 7IIKRELRALY, BREBRRO X7 v RERMAK
I, & RERMARLE E ICRERGAHBIZEW EBWHS 2 TH L. 72720, BT AL
AN G RET ADRET A v Eich Tay bE3hwold, #AY Y 7)) v 7RO FRMAERSH

%R,
25 A
20
L5
235 - 1.0
&
et 0.6
&
:Q -45 A o .
“u
a
a
-55 -
O a
‘65 T T T T
-40 -35 -20 -15

-30 -25
8 PC(C,)(%o)

—— Thermogenic [calibrated for Niigata-Akita Basin (Waseda et al., 2002)]

Fig. 5 Correlation between 6"C (C:) and & *C (C.) observed in this study.
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sition line is obtained by calculations using formulas from Waseda et
al. (2002) and Berner and Faber (1996). Ro(%) indicates vitrinite
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