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Effective Utilization of Hot Spring Resources
for Regional Contribution

Yasunori Morr"?

Abstract

While working at a public institute for health and the environment, the author has been
conducting research on hot springs. This paper reviews the following three research
projects : (1) a feasibility study evaluating the use of inflammable natural gas in incidental
gas from hot spring water as an alternative to petroleum, (2) validation of unified regulation
for the distance among hot spring drillings, and (3) determination of air radon concentration
using a liquid scintillation counter and activated charcoal detector. These research projects
indicate that effective utilization of hot spring resources can promote regional contribution
in diverse ways.

Key words : hot spring resources, incidental gas from hot spring water, Hot Springs Law,
radon, regional contribution
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FHHNL, BUAEHT AR L, R ER R L T 2 M4 2505 O TR BT 7E
WHHELTWD, RigTld, INFTIRHELAMEREOR2 S, (1) AT 2 D% E T A
VE— L LTOERLT MRS (5, 2012 7%, 2013), (2) iR RN O —B R H O 7Y
PEOMGE (F 5, 2010a; 5, 2010b; £, 2013), (3) KRR OHIBEIE L L CoEH % Hig
L7222 g B Ui opse (Mori et al., 2013a 5 # 5, 2013b ; Mori et al., 2013¢ ; 5,
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7o RRFECIAD D ARSI H AW O HFFIALE T S
KB (ZHEEZAT) ISFLT 2R, 22T
WBRERT AR HE LTHEI S 00, 3
HETIIRRKORNEZ EHWE LTHBINTw 5.
DD, RWEHIFIIA T L E2IZ LD ET B HILK
FRRRFTADVEGRIZEENDE ZEDBHAOLN TN 5.
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ANF—L L COFERWREEOMEFEZHIE LT,
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To7z (%5, 2012).

RN TH 5 EBHIBLOH NI, BEH - TR
OMEHFREEAHR L TBY, Z ORI H iR
IR TV, RIFFE TSR E LR oMiER %
Ry (Fig. ). T 5IZZE0% < AHIZEE 1,500m
HHEOREERINIRTH D, TUKEBIE, FEEREOSE
KETHLERE, HILVIZTORUEE NS,

REATRE Y 2 DL, A ¥ 2N TIFEEEEE
¥iigs (TCD) 2z ua< b7 5 71k, RERMAKC
DWTIEH A7 a= b5 7 IRBERNARE &5 %
vz (5, 2012). REHISITE L3 2 R A
HAMDRAZ ViR EB L O AR (KFEL), HY
YWl E ZNEN Table 1 IRT. A ¥ VgD
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Fig. 1 Locations of observation wells

(No.1-No.11) in the Nagashima area.
The town of Nagashima (Kuwana
City, Mie Prefecture) is a southern
suburb of Nagoya, in central Japan.
Most wells in Nagashima are 1,500 m
deep (Mori et al., 2012).
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WTIE, FAENGOHT No. 205 b FE L 771% TH o 72, R T No. 3 28 765%, No. 1 %% 66.4%
THotz. FAAKLIZDOWTIE, No.34722% & 25 LT, KWT No. 27%713%, No.1
M10% Thotz. A VEE, TAKWE, BEHEEZZNENELC, @FEHHRHICENZTOR
DAY UVHRREBHEENTOE0EHBLEZA, 27 VHEIX No. 327239m’/H & 22
LT%<, KWTNo. 12878m*/H, No.2 & Nol0 A 24m’/H & v 7z,

Figure 212X ¥ Y D jrFFMARL (BT, 6°C(C)) &A% /(s ¥ +Fuxy) b (BT,
C/(CoHCy)) D7 Ty MXZRT. EEHIEO 6°C(C) 1&-60~—-40%MRETHY, F/2C/

Table 1 Methane concentration, gas-water ratio, and volume of water discharged in
hot spring water and incidental gas in the Nagashima area, Kuwana City, Mie
Prefecture. CHs emission was calculated from these parameters (Mori et al., 2012)

Well ID Sampling concgllg;ation Gas-water Voliuils?:%z?rf vggter CH, emission
date %) ratio (%) (m'/d agy) (m*/day)

No. 1 4/Jan/12 66.4 10 1174 78
No. 2 19/Jan/12 77.1 13 242 24
No. 3 19/Jan/12 765 22 1423 239
No. 4 20/Jan/12 42.8 2 503 4
No. 5 20/Jan/12 11.2 9 0 0
No. 6 20/Jan/12 35.8 8 329 9
No. 7 20/Jan/12 24.7 1 1939 5
No. 8 4/Jan/12 54.7 3 1079 18
No. 9 4/Jan/12 195 0.05 0 0
No. 10 4/Jan/12 449 6 900 24
No. 11 17/Jan/12 42.8 2 1100 11
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Fig. 2 Correlation between C:/(C,+Cs) and 6 "*C(C,) of gas discharged
in several hot springs ([J) in Nagashima area, Kuwana City,
observed by Mori et al. (2012). From the diagram, the methane is
assumed to be microbial rather than thermogenic origins.
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(C+Cy) 13 1,000~10,000 FEEE L, N—F—F¥ 4 ¥ 2 5 2 (Bernard et al., 1976) 2 X AL
SRR ORISR TIC7a Y b E R SRS ORI LA A D—ERIZIE 0. DEADGED S
NTBY, FAMEFTNOBINGRFEVAESNEEET S, RESTA (2 B2 0N &, Mk
W 3SR A A DRI FEIB O 6°C(C) 5B L% -60, C/(CotCs) 258 L% 6,000 DA ICALE T
5T NI N

INHONy 7 F—=5 % b LI, BEMIEASHHT 2 RAMHA R EOSHEIEF ZAnlz K
SRR TEZ DL, BEOABNHRBICL 5T, HEH40m’, ER15Hm DX T V25K
S ENTwa LSz, BT A% 100 H/m® L8 L CERIRE T2 &, b A% Uik
Wi D% Wikt THERM 870 745, K EMIS AR TER 1,500 J7 55O KK H A KA ST
W EHEEFS N S 51T, A Y VIGHIERIRRILRE 21 ORBHMEASATH L I Lh s, ZEML
REPEIZ L 2MENEN AP EEFET S L, ISR THERM 320 F m* HithshTws b o
Ll s (FS, 2012).

INSOREMPOELET L E, ERMLOEEN LRI THCH S L) ICHZTONEH, %
BAZIZ WL OO FEH L oOMENR D 5. FORTEL D DI, SLFEFI X B EEXE0E L SLhPR
REOBHITH L. 3, S3EHETIZ 201248 CPR 24 4) 1 HICHifT S e kv, ek
TR SD SN, i E2EX R el & LcTiiel, BRFESELHEET LN
WCHIES N7z, SO LWL, FHOFEZEX 2 HICPIFL L) & T72561, ko k
IICHIEHHEEATE R &), R E b2 HIRTHERICL > TIRERN— FVE
WEZZMEEND D, T2, SILRRETIE, REHEE - REEHE ORITAlLELE %2 505
WIN S EHRBEPVELRERTH Y, SEINZFOLONRH L TV EEBEIZBNT, Hilifa
EREE OBITIIA S TR,

D Lo, S, BRI S B M 2R A 2121E, MHYEOTRERR T ANEGER Sh
—IROMR TIIREEN 2RISR LZREICE IR TOARDSS, EBRIC a2 a30FH»EA T
WHEWZ ERHSE PRI R o7, TAVE -0 [HEMH] AEH SN HT, WRETZFIHO%
EERLEOWMN R L s s, @Y RRERANZ LD S 2 e &S, AT 2, A
RBZANF =L LTOERES T ICTRELBREERTH L EEZHNL.

3. mRIEHIO—EEERERH DR HHEAIREE

i B IR O TR D 72 OISR IRH R By ) FE 3 2 TENEHI O H ) Jid, REIHZ 2 E
FEOREOV LD E Lo T WA, FFIT, 2006 4F (K 184F) OREEEL, 2009 4F (K 21 4F) @
TN BT iR A 7T AL BN 35 R R an I X Ak (B) oWaRgFpNE, R EOFFTHE
HTHHMEIIH LT, EkoBHOH Y HoHELXEL LD TH-72 (fill, 2011).

o) T, PREEEHES (BRBRERANERE) OBH (hYRER#S, 2007) 12
U, BEZICLY) TRAEHEOREICHETEZTAFIA V] (UTF, [H4 854 >, BEAE,
2009) A SNz, WAL KT 4 2 Tld, HRERFEO HESFE T 5 im OWH 017 B o ¥
WS I 2 HEARENTE Y, [T BN RERERORN 2 SHICEREZ L TW5 25,
W OWEE, WRIROIRE F 7213HE TOWRR ORISR UT, MREROREDI2DICLE R
KRDOWERRR L DMK TH L. BN, BIBOTRREROF 2 H0IcE L, s
ORI Y722 BERH D] LRI N TWA X9 I, Mo A, FARR, WESES
7B OV IZOWT, WD TEBLTWS.
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i, 2009) ([ZHE LT, PEEITEHEZ0 b 0 X 2 HERILF 2 B EE 2 KD B 720 O£ =
Z) v rHA 1) &, A4 K94 VNORSNZZBI IS X 2 FLBFRAOBEHRA (3.2 )
IZDoWT, TNENRAEFHLHET 5.

%8B, KEOWNEIZOWTIE, 3.1 [CBHEIBLIY BT 2 BEAETR O M ERIL - M B L o
e | IOV TIEAES (2010a), % (2013), 3.2 [THREHEOMEHETEHA K4 ] 12
O EBEEIC X BB RANOFERAE] 12onTIE, HFS (2010b), F (2013) 1ZFkd S
NTVEDOT, LEIIELTSR IR,

3.1 RBEHHRBCE T IBRERROMIKEZNZELZEOHET

RIfFET, =4 ) Y 7 ONRE Lzl HiRRIE, ZEREE, BRI AES 2 (Fig
3). MBI oHIRIE, FIHOIKE L THEINTOLEESDH Y, 2 OHE L OMEHRAE
DFERIHE SN TV D (F 21X Chijiwa and Tomita, 1985). A IZREEFFE A O PN AL E L,
X 1300m OREFEBEICRESINAZA L —F2500KSITWwaD. IEHEEE TN LD, KE
BiE, rHRE, WERE, KMNREBICKSShs,., AHRBIEZICRE BE - REELE»S
B, WO AR SET 5. WEREE, B, B - RELRE, BEro&), FTEHICREIHR
55, %k, EM)FA FOMRENHERE WERE, KiMHNRBICEEICEEFIA TV,
COHIRIZBWT, MO [ TR (BUF, BEfARE) 2 S KFHEECT 35m Bih -1 m T
R 1,400m OREBIE THAT b7z, 2o o [H% 7 iRE] (DT, #rsing)
L E Nz BRI T, FrBlR OIS T3 % F THESHR S v Cw /o720, HiEo
TSR AR T3 358 S MR OIRIRK Z R ICE=5 ) V7§56 2 LA TET.
BEAFIRLIR 20 & T T B iR K DB A B 2 Fig. 4 1R§. WA + > D X784 7RO LRI,
I7Y 7 MUGER Y 7O T EOEFN L FIL Tw a2 v s, T7HFICHEENIMEHOA
F U EHIGRENT2b 0L %2 505, TRHOLHH OGN O T, JEl THEOMETFIZES
I 7 B %2 R L 7B A & > L84 F ¥ DWERFIZEEIZOWT, £ 2N Fig. 5, Fig. 6
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Fig. 3 Geologic map of the area around Yunokuchi hot spring, Kumano City, Mie Prefecture
(Agency for Natural Resources and Energy of Japan, 1979 ; Suzuki et al., 1982).
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Fig. 4 Drilled depth of a new bore-hole and temporal variation in ion concentrations in the water
of an existing Yunokuchi hot spring. Drilled depth is shown as a white bar graph (Mori et al.,
2010a). Increases and decreases in zinc concentration may derive from ion exchange action
with zinc contained in air piping.
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Fig. 5 Observed chloride ion concentrations at a Yunokuchi hot spring during drilling at
an adjacent site (Mori et al., 2010a). Drilled depth is shown as a white bar graph.
Chloride ion concentrations clearly increased as drilling progressed.
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Fig. 6 Observed copper ion concentrations at a Yunokuchi hot spring during drilling at
an adjacent site (Mori et al., 2010a). Drilled depth is shown as a white bar graph.
Copper ion concentrations clearly increased as drilling progressed.
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Fig. 7 Model of the geochemical influence of an existing hot spring by the
adjacent drilling. The anomalous increases of chloride and copper ions
at Yunokuchi hot spring are thought to derive from the mixing with
natural groundwater containing higher concentration of these ions.

BRIy, SRR OH T TORITIHER SN D RAROEFH O E TV % Fig. 7 1R
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3.2 [BREBEOREFEETAIHAINTA>] CEICHHEBICLIADERNOHERE
ARFAE, WA BORREF IR T 2 = B = EAIKE I % o Il —a &2 x5 & LT
bz, Mg S 7z TR B X OB )3 OB IS CRFITIIEE IO W T, ZEE
HARRBEREHRZMARETHERLZE 25, HMBIRRAEAZ V2T TR L, BT
HEZHRBIHRIFRL IR TH ), CNOERETLILENDHL L LT, [REEIROMEICH
FTHHA4 K54 v | 12D SRR OWBHE RS 2 BANR SN

B EREE L L) AR U, MRER) EFA FI4 /D CEBREZ AT BAFO
R (FROBREZE, WEOR S22 S AREHRO 3R 2 e, DT, BIIER) ofiEz
Fig. 8 1Z/RY. #AEFEICODWTIE, BHIMICH A K54 VICHE SN [BEE OB ORER
BHEFERTE] R L 72, SRR 25T L WIRE COBMIBERICBI 2 HARERIZE 53y
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Fig. 8 Location of the observation and target wells on the schematic geologic map in Yunoyama hot
spring area, Komono Town, Mie Prefecture (Hot Spring Research Center, 1962 ; Mori et al., 2010Db).
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5. ZOFENE LT, fRFERD ST HEEAKY, EEHAKEERFEESTLF NI A L+
T oA A F >, BALA F v EEAEET VA O KE, ERERKE R R E T AR A 4
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Influence investigation
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Fig. 9 Temporal variation in water temperature, pH, and volume of
water discharged in preliminary and follow-up investigations in
Yunoyama hot spring area. Symbols : O, Observation well | ; O,
Observation well Il ; X, Observation well lll. Dotted line indicates
the date of influence investigation (1/Sep/2009). Variation in water
quality appears to be stable under both incremental and continuous
pumping during the influence investigation of the observation wells.
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Fig. 10 Temporal variation in water temperature, pH, and volume of water
discharged in an influence investigation (1/Sep/2009) in Yunoyama
hot spring area. Q1-Q5 represent the stage of water volume
discharged during the examination of incremental pumping. Symbols :
O, Observation well | ; <&, Observation well Il ; X, Observation well lll ;
M. target well. Incremental pumping with an increase of the volume of
water discharged caused a decrease of pH in the target well.
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HRAFICEENS T Fr (PRn) &, RREB L OERSITERSNIB VT, HRK 1kg
1220%10 “Ci/kg (55~ v ~NHAL, 74Bq/kg) VDS FUdaiGIns & &, BREBEHE 2451
YA TR 1N L, S51230x10 "Ci/kg (825 ¥ v ANHfL, 111Bq/kg) LED T F U3
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S EIE S FEAIKE MY 00 B JE 8 L #3802 8 V) B O R St i H sk T, mmE(Wﬁwua&b
Mg E R, EHEIR, BURRIRE L CoORBMNZITH % Bt L2 ER—AROMIEIC X 2 HE2317H
NCTW3., ZZTAISETIE, FMIROBITERAEIEEZICB T 5B/ T B O EERE % {L#
L, MBSO ZERE LTELIHEHTAZEERHIBLT, () kv v FL—varvawy
& (LLF, LSC) 1 & il EIM 2 & V7222500 5 K v OB airHEiio s, B L0 (2) [
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Fig. 11 Temporal variation in Na*, F~, CI-, SO/", and Rn concentrations in an
influence investigation (1/Sep/2009) in Yunoyama hot spring area. Q1-Q5
represent the stage of water volume discharged during the examination of
incremental pumping. Symbols : O, Observation well | ; <&, Observation well Il ;
X, Observation well Il ; I, target well. Incremental pumping caused
geochemical changes such as decreases in concentrations of Na*, F~, and CI~
ions and increases in concentrations of SO~ ion and Rn in the target well.
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WZOWTIRT— 7 EMPTHY), L2 MEE2TEL
TWa70, KinTix, (1) OFIEREOREIIOVT,
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Fig. 12 Schematic drawing and
cross-sectional views of the
PICO-RAD, activated charcoal
radon detector (limoto et al.,
2005).

Table 2 Liguid scintillation counting measurement conditions and reagents and liquid scintillators

(Mori et al., 2013a)

Liquid scintillation counting measurement conditions

Measuring time 10 min

Background correction yes

Temperature 15C

Calculation method Integral bias method

TRIPLE (20-2,000 keV, 40-2,000 ke V, 60-2,000 keV)

Reagents and liquid scintillators

Reagents DPO : 25-diphenyloxazole

POPOP : 1,4-bis (5-phenyl-2-oxazolyl) benzene

Toluene : for the scintillator (all Wako Pure Chemical Industries, Ltd.)

Liquid scintillators 1. DPO+POPOP toluene solution

DPO (20 g) and POPOP (0.5 g) were dissolved in 1,000 mL of toluene to prepare the
scintillator ; after adsorption of the detector, 15mL of the liquid scintillator was

promptly added to the detector.
2. Insta-Fluor Plus

For the scintillator (PerkinElmer Japan Co., Ltd.) ; after adsorption of the detector,
15mL of the liquid scintillator was promptly added to the detector.
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YU F L= OUWMKER 5, WERH] 4,12 & 2R IE CTHER S22 X YR 7z (Passo

and Floeckher, 1991 ; Shefsky, 1998).
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Fig. 13 PICO-RAD measurement spectrum (0-700keV) of a liguid scintillation counter for radon

using a toluene scintillator (DPO+POPOP). Measurement time, 10 min. Peaks attributable to
radon’s daughter nuclides including #**Po and *"*Po occur in the high-energy region from about
2b0keV to about 620keV the a ray region. The measurement conditions in this study involve
three window settings at 20-2,000, 40-2,000 and 60-2,000keV. With these window settings,
there is no overlap with a ray region, successfully confirming that the settings were appropriate.
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Fig. 14 PICO-RAD measurement spectrum (0-100keV) of a liquid scintillation counter for radon

using a toluene scintillator (DPO+POPOP). In the low-energy region, the noise region is below
about 18keV. The measurement conditions in this study involved three window settings at 20-
2,000, 40-2,000 and 60-2,000keV. There are no interfering peaks, confirming the settings were
appropriate.
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