BRI (J. Hot Spring Sci.), 60, 22-36 (2010)

I =
[ELET O BB R 3 11 O BEAHTROR I 5 . 2 M ER b2 2

FOFRAIY, ST, miE AL, EBRZERTY, O KEERTY, NINEE?,
B &Y, B —Y, TERHERY, ImakREEY
CFRk 22 4F 2 H 5 A%A, “Fak 22 4E5 H 11 HZED)

Geochemical Influence of Drilling a New Hole
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Abstract

During drilling a new bore-hole nearby an existing hot spring, Yunokuchi spa in
Kumano city, Mie Prefecture, the existing hot spring water was analyzed continuously
for investigation of geochemical influence by the drilling. The concentrations of chloride
and copper ions increased obviously accompanying the progress of drilling. It is esti-
mated that the anomalous increases of these ions are derived from the mixing of natural
groundwater containing higher concentration of chloride and copper ions. It is demon-
strated by natural field observation that an existing hot spring is obviously influenced by
a new drilling bore-hole close by. In the enforcement of The Hot spring law, it is thought
that the distance extent of geochemical influence observed in this study seems to be a
significant reference.
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Fig. 1 Geologic map of the area around the hot spring observed (Agency for Natural Resources
and Energy, Ministry of International Trade and Industry, 1979 ; Suzuki ef a/., 1982).
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Fig. 2 Geologic column of the part of Kumano group (Agency for Natural Resources and Energy,
Ministry of International Trade and Industry, 1980).

REERF PV YL - by A-SFERR & L Table 1 The major chemical composition of Yuno-

THEINTWA, HHPRYEHCFER S Nz F3RL kuchi spa (Analyzed Data in May, 1990)
SOSHTHER A Table 11389, HHEIZEE 900 m Concentration (mg/kg)
TRy vy rEPMERSNTED, FE 900 Cation Anion
~1,300m 2 LHUKE TV 5, L )1 - 50
BEERROEEAT, FREREETE (R o s o yser
BRED pEtE S N, S NIREHERR OB K* 6.8 Br- 4.7
DEFEOMHICLVBEASN, BEEIEE LI Mg?* 9.0 HCO;~ 87.9
K BoletedTh b, FRUCHEIT 2ERE, Ca* 351.4 COs*" 0.3
SEAOIABEERROBRLE T, BHI%E ST 49
TS < RS A S0, BHERRS S Mn 03
KRR EE T 35 m JE L 7o LS TR 1,400 m % Water temperature 46.2°C

WS THThn, [ DR OLF, g PR Yieldz0L/min

R LEfTTon. BIFERRTE, HER
OIHITEIETT 2T, HEbkishcunicicd, BESNIREKERK - e 5 &
T, ELOHHERMEHI TSI L 5 BARRNOHIEM AR B 2 dfh)ic =4 ) v 7 L1,
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Rim, pH: 45 R EMRE
#5%2 - Sartorius PT-10
HES T« BIHE
Na, Ca, Mg, K : JE-FIOI R
F2% - SHIMADZU AA-6300
FHEAir-CH, 7 L — 4
okl - HCI[ElE
F, Br, SO,: A1 A v u<t 7357k
HIERESS - DIONEX DX-120
515 4 0 AS-14 (4X250mm) AG-14 (4X50mm)
HX 7Ly 5 ASRS300 4 mm
BEhFH : 3.5 mmol/L Na;COs;+ 1.0 mmol/L NaHCOs; /A%
045 um A v T LY T 4 VY — A
Cl: E— ik
THEH] : 1/10N AgNO;
TE%% 5% KyCrOy4
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Sk HNO, [HE
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3% - IKFBLGERNLIAL « ZERIN A B B ot

% : Thermo Fisher Scientificmodel DELTAPY XL

bl 045um v ) v YT 4 VY — Ak

ERS SR - EUEENE 7K (SMOW Standard Mean Oceanic Water) THIA&L
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HIEREZS - DIONEX DX-120
715 4 AS-23 (4x250mm) AG-23 (4X50mm)
7L 95 ASRS300 4 mm
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Fig. 3 Temporal variation in ion concentrations in the hot spring-water from an existing
Yunokuchi spa (Observation period 1). Data Obtained before drilling a new bore-hole.
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Fig. 4 Drilling depth of a new bore-hole and temporal variation in ion concentrations in
the hot spring-water from an existing Yunokuchi spa (Observation period II). Drilling
depth is shown by a white bar graph.
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Fig. 5 Observed Zn concentrations at Yunokuchi spa. Dotted lines indicate the time
of exchange of air pipe containing Zn (Observation period I ~1I).
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Fig. 6 6'0-6D-diagram of hot spring water from Yunokuchi spa.
6D:85180+ 10 ................................................................................................ (2)

HE OFEER, BIERROMSE - KELERLMAKE, EEHITHRO LFhOBHIcE W T bk
BMNTZTELTBY, BEFMWL FicF oy h&ahtz, 2ol Ers, =4 v 7 b olE
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Fig. 7 Observed Cl concentrations at Yunokuchi spa during drilling at adjacent site (Observation period 1I').

HITHENBEE N A OE/Y A & =L, 1,350 mg/kg FREE TR EBEHIED SN -
fo. Tk, PRHITHEIBG SN, SREIEE D 500 m (ICH#A N &, YA A+ VRN EE
LRIcEL U, THANC 1,350 mg/kg B2 THERS L TO 7Y A A v IEREDS, Sl TS T ER]
1T 1,430 mg/kg £ T LA L7c, THE TR, B/ 4 ViBERRUMTE NP LAEZ#ORL
=) VAT L2 200846 H T 1,330~1,410mg/kg ORIT, 0K LKE ST NRED
sz,

BEAIRSR DG A A iR, BUIIIRT T GREITHAD B L O#ELIHR I o s H| TR £
TORLFIEH 3D TLIEMNTH > 72, L LEhis, HILHOETICREIR L THE{tw( 4 ~
DIREATNED oNfc T &, Fi, HITHK 7RIS 4 VIR O JMIS = ERSED
SN, THRION—Z2I54 YETITREESK VSOOI TEHK TEBIO 1,430 mg/kg 5 (3
HTOEFEHBAED SN T & D, 1 4 VIBEOREZHIE, BEREHTLFELObDIC
ERTL2HRTH S EMRES NI,

3.3.2 EBETHEMAESIELYA T ORREIMTEE

AWFFLIT K DA S D & 18 5 723G b A A VIR ET L, BRI THIC L > TEE S sh
IR RS Th 5 T EICER L, S 4 v OfEE LTI > W TEE 2L 1.

—fC, IR OIHITHICB W T, HIEO IR L2 0 EER - E o N ol s H
e LT, BRMERSNS GRE, 2000). AFEEGRE U FBIRRENI THE S, IRETRKEME
BAHT 2 TEc k0 EESNTO S, IR IEE D SRAKEAZTTY, fEHEK S HIZ M %
Tililc SN b KRS E 2700, HihoRKEIRBEERLVEL LS. oy, EEHITHEOR

31



B ORRAN, SEAUOR, miE B, GERASE, KRR, /IVIEE, i SR
RN i, B —, TR, Inafeket

B X AIE WA 4 v 0By FROERIE, RO 2 > D njiEkE Table 2 Chemical compositions of

DEZ SN S, OREIRKIC & BHIFEN D LRI & BiKD the crfing mud I i study
EFZRA, @ HHITEKDOEIREFIC L 1T DO /KIREEDZAL Concentration (mg/kg)
12k B RIS BHKED 5 DRA. Cl 20.8
TRHITRK DTSSR A Table 2 1SRd. HRHI TEH ORI X Cu 0.011

D EALIA A v DEE FROFKZE O ek BERERA & % pH 9.7

ZZ B4, MREIRKZE O & OBl S N B D Folks

(b4 & VISEENTOD T EWEHREL 205, HrofER, MEIRKFICRED X S LEEOE
W4 4 v idEFNTOIEBWT Ebbh ot 2O EhD, EWIA 4 v oy FROFRKI,
@itk sbDThs EHEEINS. FEEEE IOV ZEI N EIMREETH 5 L5,
HHERCIR DALY A A v HHIEANICERS LTV 2 AJREMEDNE <, ARBFZOR B O Mz id, &k
DA A A ¥ DWRIET 217 KBOIEIERHEE S NS, 2D ED 5, HEEKOBEFRICE - T
HIR OHKIRRENZEAL L, B A 4 v 2 & HE/KED & BHFER R OBUKE~DIRADME
HExn, \A A v PEE LR L DEEZEZ NS,

F/o, WHITHEETRIC, B 4 VBEISEMICHE NMER 2R boo, BN TR
B ENNGED S tc. EmOIBKED» SEE N T o b BE/MA 4 ViIBEN LR - (KT %
BOBE L&D, WEITHEICRESNE D - HKER O FkDiREI AT L, EELIRRE
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Fig. 8 Observed Cu concentrations at Yunokuchi spa during drilling at adjacent site (Observation period 1I).
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Fig. 9 The model of geochemical influence of existing hot spring by the drilling.

PRI EN RS Nc—HPITH 5 & & big, LEFEHID oKD o N7 EHPHIC >V T,
SR OIERRIEHIOITEI T & - THREFIRD 7o d DS EfE & L TOERNEL SN 5.

4. F & &

ZEHILAER TS (NS B W T, JEHIERE 1,300 m OEFER R OELT OKEIEEE 35 m) THHICE
RIEHITER TN, oL, BFERR» SHEHT 2 ERKOERIN RN 27 L
RSB Ay DT 288 & EEI TEIC & 2 HER LRI EIC > W THRET L 72,

HHITHIC L DT RKREBEHHED SN0, EA 4+ v &84 4 v Th - 1. IREITSHE
DEAGE N, ZOEEEH 500m LIE & 75 - 72 O 1 A VIEES EF LIZ LY, 1,350 mg/
kg FRES CLUERNTHERS L C O b4 4 VIR, Y THE TERIC S 1,430 mg/kg £ C1
F Ut £, 844 v IZEEIEEA 700m DL EE S - WD 5 ERLIZ LY, SR TITHEAORN
2fE®D 0.013mg/kg & 75 - 7z.

TALYIA & v R4 A v ORFEEHZ, WHITEIC X > THEASNRATEKIC X 2HFORIK
IREEOZAIT & - T, SR A A D81 4 v 2 EOHEKED S R R OBUKE~ DR
ADMEEE N, THODNDEE FRE L7206 LEAREEREZ S, %/, TOZEick-
THITKDFESRZ#H LA b, MHl THOKR TR OIE(A 4 VIRED FA - (KFE2# DR
TEEPED St

BALA A v oA A T L TEREZEHNREY S0 F NG, dEEREORYA 4 v Pk

34



55 60 % (2010) ELI OB AR IR RIEHI S IR R 10 52 B HIBR( Loy o 2

IRRESETRDR A A > 12 &3, AHFFEO G DI T 12 3 W CHy /KB N D =y iR B O 5T 75 R 5
DPHEESNBRNTH - 72729, TN DB NRIKRDOEF O A/ RS b L —+—& LTH
HBLibDEEZLNS.

TARTHEFIC K > TOKRE T RHIT K DE D 9338 5 N7 RO E < DFEPNTH LT, AW
IZ kK BTEAERE, FHUCHRA U 2 RR DB R R IO U CHIBR bty 7 e B A E I 5 A 7o T
EART—FHIE LTEHITRETH D EEZ L. YO ORRIE S » o, ELOYI LHES
BRI U CHIER L S i B A 5.2 - C L BIAL A Th D, ZDREBA L LA B ENTE
TeERIIAE V.

PR R OEH THE2, oSO T /KRERICHEBEN S EEE5 25 2 EWALNE
o7 &, BIRTBUC B 2IHIFF AT OBR O EE S REIRILICE D 5 2 b D EEZ 5.
MRS S, WHEHONETEME, WEOME, M NKREROZHRIEEEZEZET 5L, T2 O
HITHICOWTE—HBZET 2 EPEE LWV, £@TORRICOWTHENBELFEKST 3 C
ERHEMTAARETH 5. HENBHINE LTR, L0EL 0FROBIRGERAREAERS &
TETMEL, BEURHEEEEELED 5 ENNETH S, TDOEHIC, AFERICE > TEKRD SN
T RCEEHIPH 200~400 m 13, TRURIEHIFFAIHIE O —EEEERIIRIC B T 5 0 &> DSEE L LTI
HnEz oNn5.

153, AT TR L [HIBR LAy 2 | (L, FFBI SR O REAE ZRLIcbDTH
D, PIZGRREOHEMAE RS L5 BWEFEMEL S - T [THBLFEE ] SHliLTw5bb
FCiEE ., BEER RIS L oo RRIBHI OB & L oFHpITi, HAEREN A ISWIREE
ZREST S L RIEFICREECH Y, BRFEOERIN S IE, HAIELH - ICRKEET, AN
FHRINCRI T 2 200 EERGTd 2 L bEEEEZ 5.

B

AR EED 512 d 70, BREFH, MEEEARCATEDLRR A, RS NNC v v =71 ¥
7 OERRICIE, KPR - v 77— S EREEROERMICERE M I ETREE Lic, 7%
DFFFIC SOV, MEEARRERZE T HEErR L, KIFRAEE, ([EMRFEEFEH
BIEGLEEBIZIC ARERERL I 4 v hZHEE Lic, SRR L TRCEH VLT,

5| A3k

Pl BA, NEPRE—EL (1967) : ACMSLILIOOSLIR & ol OB, S e, 17, 121-128,

Craig, H. (1961) : Isotopic variations in meteoric waters. Science, 133, 1702-1703.

Chijiwa, K. and Tomita, S. (1981a) : Stratigraphic notes on the Kumano Group (A study of the
Tertiary Formations of the Kumano Coal-field in the Kii Peninsula, Southwest Japan,
part 1). Mem. Fac. Sci., Kyushu Univ., Ser. D, Geol., 24, 155-178.

Chijiwa, K. and Tomita, S. (1981b) : Sedimentary Environments of the Main Part of the Kumano
Group (A study of the Tertiary Formations of the Kumano Coal-field in the Kii Peninsula,
Southwest Japan, part 2). Mem. Fac. Sci., Kyushu Univ., Ser. D, Geol., 24, 281-297.

Chijiwa, K. and Tomita, S. (1985) : On the Onuma Formation of the Kumano Group (A study
of the Tertiary Formations of the Kumano Coal-field in the Kii Peninsula, Southwest
Japan, part 3). Mem. Fac. Sci., Kyushu Univ., Ser. D, Geol., 25, 281-297.

BigE (2002) @ $ioRprEEfRE (&G (2002 43 ), 1-86.

BRISE (2006) : RITEL DRI R 9 2 B HEE (2006 4£ 10 H), 1-8.

35



=RfIEL B Y EFN{T B TR

BREEE (2009) : EREFROMHHEICBET 2414 K54 v (200943 H), 1-57.

HERTARLE (2007) @ BRFICBET 2 EAAREOKGT (20 3) HEOMEBSR SERE BRI,
57, 140.

FRHEEE (2000) : ol O SRIBHIELA, @R T, 27, 60-7L

AR o, R HRHE (2009) @ PARTHORFEAOTH. 5 62 [0 HARRH PR RSHHESE,
21.

INEFIEE—BB (1961) : fMgniiodikic > v, grnlE, 11, 88-94.

INEPRE—BR (1969) @ Al NBLIL OHVE NS L ik EmE & ORfR. Bk, 19, 299-311.

/NEFREE—RE (1971) - fCMBLI L OHVEREES & SL0R. SR e, 21, 150-161.

8 75 (1961) : FeMSEZEFTLE B O W 35 L OBEPRIC> WC. SV, 11, 83-87.

MR 2, HERRER (1972) : iR RIS OB B X OLIR. B[V, 22, 437-447.

EERRERAG, BREPAZE, ARRNEA, /NEHF, BERE— (2008) : R OMESETCHESL LUK -
BRLZERMALED*F v+ 57 5 ) €= a v, 561 MHARRRFESREHEESE, 25

EREEELE (1958) : foMBLINC 38 1) 2 BHLER & IS Alic oW, filpthE, 8, 125-134.

ARZE—, /NHEA, FMEEPAK (1982) - fIMSLILfHTIc B I 2o £~ ) -4 b OEZVE. §i
e, 32 (1), 55-65.

WRFEEAGR T 2 VF—FF (1979) : 1978 FEEE LA A HEE GRE s, 1-56.

WEEERERT 2 VE—F (1980) : 1979 AERE LA A GIRE D), 1-23.

REFERH, JIDCEEE, JERRER (2007) @ iRSR ORI OB R ISR 2 9%, SRRy (R
BRI v 4 —f05E, 4, 74-79.

(200849 H 256 H %5 61 [B|H AT REFFE R THR)

36



