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Abstract

An investigation of the influence of lift pump installation on water quality by the
“Methods of influence investigation of lift pump installation” provided in the “Guideline
for the protection of hot spring resources” was conducted in the Yunoyama area, Mie
Prefecture. Since few such investigations have been reported nationwide, we compiled a
survey of the available results of such investigations, and also presumed the behavior of
the hot spring water under the ground in the Yunoyama area. Although it is assumed
that variation of water quality is stable under both incremental and continuous pumping
up in the observation wells, it is recognized that incremental pumping up causes a geo-
chemical anomaly such as decreasing of pH and concentration of fluoride and chloride
ions in the target well. Concentration of fluoride ion strongly correlates with that of
chloride ion in the Yunoyama area. It is assumed, therefore, that the aquifer has a func-
tion of major source of both fluoride and chloride ions to the hot springs. The difference
of the ratio of concentration of fluoride and chloride ions in the target and the observa-
tion wells suggests strongly, however, that the sources of aquifers of these wells are
different. Accordingly, it is thought that the hot spring sources may not compete with
each other. Because the water quality of hot springs can be significantly affected by con-
ditions of pumping up, it is recommended that such geochemical consideration should be
incorporated into the evaluation method based on the guideline.
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Table 1

Observation Well I
Observation Well Il
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D Paleozoic stratum Granite
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. \J\m‘“
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Ry _ e . /' Target Well

100 200 300  400m
—

Water quality of the observation and target wells

EEUES

| Toriido area

Location of the observation and target wells on the schematic geologic map (after Hot Spring

Monitoring items

Observation well

Target well

I+0o* il
Date of analysis 29/Nov /2004 12/Dec/2008 12/Dec/2008
Xgr%tgerzrature (C) 26.1 21.4 15.9
pH 9.1 8.8 8.2
Qupivoivas ¥ »
Na® (mg/kg) 47.4 39.6 69.2
K" (mg/kg) 0.6 0.8 1.8
Ca’' (mg/kg) 2.8 4.6 11.4
F~ (mg/kg) 11.5 8.3 5.0
Cl™ (mg/kg) 10.2 20.0 12.6
SO (mg/kg) 4.9 4.7 7.9
H,SiO; (mg/kg) 29.2 29.2 16.6
HBO, (mg/kg) 2.8 2.6 4.1
Rn (Ba/kg) 137 33.4 111

*D The observation wells

because their springs are located very close each other.

I +1I : Composite samples were analyzed
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Fig. 3 Observed data of Na*, F~, CI~, SO/ and Rn
concentrations from July, 2005 to July, 2006 at ob-
servation wells I -1I (data from Mori et al., 2006).
Symbols : O, Observation well T ; <, Observation
well T ; X, Observation well 1I.
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Table 2 Observation period and monitoring items

Date of

. 3 . Monitoring items
investigation 8

Investigation Well

Target well 11/Aug/2009 Water level

Preliminary ————
investigation Observation 18/Aug /2009

Quantlty of Water dlscharge Water temperature - pH

well 25/Aug /2009 «Cl” - SO2 * Rn
Water level » Quantity of water discharge - Water tem-
Target well perature * sz .
Influence F +-Cl SO/ +Na'*Rn
investigation ————— 1/Sep/2009
Observation Quantity of water discharge + Water temperature *+ pH
well F +-Cl” SO/ +Na'*Rn

Target well 8/Sep/2009  Water level

Follow-up _—
investigation Observation 15/Sep/2009 Quantlty of Water dlscharge Water temperature - pH

well 24/Sep/2009 - Cl” - SO2~ * Rn

B, BRKPOBEFEESMECDOWTRFICHES N TRV, 71 F 54 VIREDK, FFH
(2009) 1IT& b, H4 K54 VORSNALBREF VIS LT, (LFRAIED 5 FR S 2 LEHED R
RENBHE, REROWMAFEARIT 3201, [LFHF— 9 BNEE B ZAREEREZ S
5. TOTEDPSARIETIE, WHRERES L CBHAFEROERK > Oh» 5, FERKSHO Na™,
Cl', SO2 &, BUAIER « HRIFRITEHHI SRR F, Rn > W Tt 217 - 7.

2.4 HWHE
RO AR, HAE U TEREEMNED 2 RERH (GG 1T ild 5 & & big,
IEREOREEELZER L, LITosbh & Lk,
SR BRI X A HIE
HIELSHT « BURIE
pH : 4 5 R EMRE
a5 - HM-60G CREli 7 « — /7 — 7 — &8
HIELSHT « FEER = NHIE
GREHFI R, EBRZICE IR - CUIEERTTS. BEU» SHIE F T | BERIRERE DIN T
TJHE)
BEHIE  EEASICE BHIE
HELHT « BIhiE
Na' : PR
Bds - AA-6800 (MRt SEEUERTED
FHAIr-CGH, 7 L — 4
Bl HCL EE
F, Cl, SO :4Axv/r7ua< 7357k
HISERZS - DX-120 (HAR S A 4 % 7 2 EtED)
715 40 AS-23 (4X250mm) BLU AG-23 (4X50mm)
FH:+7Lw ¥ ASRS300 4 mm
#EhtH : 4.5 mmol/L Na,COs+0.5 mmol/LNaHCO; /A&
ik 0 1.00mL/min
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bl 045um X v 7Ly 7 4 vy — (HARI ) R pledtsd) A%
Rn: Gk vFLr—vavho v ik

HAIEWS : LB-5 (7 o ARt

v FIVDREL  [EEEE: (Yasuoka et al., 2009) 12Xk %

3. &
A1 - FERAE

INEFIKELE L.

S

AT - FRATCB T 2 FRFAEHE ORRIILHICOWVWT, pH, HillE, Rili% Fig. 41,
Na®, F-, Cl°, SO, RnEE% Fig. 512, ThENRd

SRR, BURER I 2% 23.8~26.1°C, ERHIJEIR 128 27.4~27.6°C, ERHIFREIAS 20.8~21.9°C, pH
13, BRI 2% 8.51~9.04, MR 1A% 8.85~9.06, ERMIJEIRIIAS 8.23~8.84, HEHIEIE, il
JEER 1 8 43~63 L/min, BIAIESR I8 16~21 L/min, BIAIERIIAS 12~24 L/min O&PHTZ

pH Water temperature(°C)

Quantity of water
discharge(L/min.)

Influence investigation

. %ﬁ*_ﬁ%—%—*—%~—%_
40_®K\%6_
zn—wﬁm_
‘T f — f f 1

11/Aug/2009 18/Aug 25/Aug B/Sep 15/éep 24/Sep

Fig.

168

4  Temporal variation of water temperature, pH and
quantity of water discharge, respectively, observed in
preliminary and follow-up investigations. Symbols :
O, Observation well T ; <, Observation well 1T ; X,
Observation well II. Dotted line indicates the date
of influence investigation (1/Sep/2009).

ZNHERS L7, 58, WRFEIROFHKAICD
WTIE, BKEORELEZ LN S 008~
140m OEFTH O, HAj - FRFAEDMT
REBEZHIED SN - 7z,
AFETIFC O G & B3 2 iRk
13, i FK - fRAKICIHAT, FigEEp
Rn BENSV I ENBHIITH 5. FEE
IZOWTE, BRI 7.8~12.7mg/kg,
BRI A 10.6~12.5mg/kg, BRI
7 49~99mg/kg THMK L7z, F I3ERE
DEFE LT, HEM 2mg/kg) PIEEE
WoNTEL, VFNOHIEITBEWT HHE
D 2 [EERBITHATVWA I D, ZIEN
WRREES 2 RICHET 2IRF IS LT
5 EMIHSIT 5, RnEEITOWT
13, BURIESR 1 A%94.9~114 Bq/kg, BIRI7E
RIS 74.8~79.5 Bq/kg, ELAITFERE WA 50.1
~56.1Ba/kg TH Y, HEHFA A P Rnic>D
WT, REBEFNIFED SNBEh -7z, BIA
R T - id, EoBUER (74Ba/ke) DK
DODRnZEFLTEY, FEHE2RIHIETS
RRICL L TVWB T &btk

3.2 HERE

B S O ERE B T 2 I EEEE
DEEZIZEEIC >\ T, pH, EHE, RiE%E
Fig. 612, Na*, F~, Cl-, SO, Rn EE %
Fig. 71z, zhZTiurd. BRI, BES
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Fig.

5 Temporal variation of Na*, F~, CI~, SO,/ and
Rn concentrations, respectively, observed in prelim-
inary and follow-up investigations. Symbols : O,
Observation well T ; &, Observation well I ; X,
Observation well II. Dotted line indicates the date
of influence investigation (1/Sep/2009). Rn data on
15/Sep/2009 were not shown because of trouble
of liquid scintillation counter.

Quantity of water

G & LT, WRIFERDOEHEE 6 L/min
(55 1 BEM% - Q), 9L/min (55 2 B - Q2),
18 L/min (55 3 B¥}% : Q3), 33L/min (54 EX
[ Q4), 36L/min (855 B : Q5 & k&
4, T ORIOEIRITRRE R RIFIR D &5t
TAHZRIE L 7.

RIEIE, BURJER 123 25.8°C, BMERT
P 2715~27.7°C, BIANFRIIAS 21.7°CT, =
i - FRFATIC TR DL, BEN
WHES L7z, Chice L THRIFERIE, 161
~164°C OHiPH T, Bt &1 0.1°C
TO DRI MED S re,

pH & 7, BUARR I A% 8.95~9.08, &
JEUR 1125 9.04~9.13, #IJESR M A3 8.77~8.86
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Fig. 6 Temporal variation of water temperature, pH

and quantity of water discharge respectively, ob-
served in the influence investigation (1/Sep/2009).
Q1-Q5 represent the stage of quantity of water
discharge in the examination of incremental pump-
ing up. Symbols : O, Observation well T ; <>, Ob-
servation well T ; X, Observation well 1 ; ll, tar-
get well.
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135 -
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7 Temporal variation of Na*, F~, CI~, SO,2~ and
Rn concentrations, respectively, observed in a in-
fluence investigation (1/Sep/2009). Q1-Q5: See
Fig. 6 caption. Symbols : O, Observation well T ;
<>, Observation well I ; X, Observation well 1 ;
M, target well.
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1 BEfE D 8.64 0 5 85 3 BE i @ 8.83 & Tl LR
HIZETH - 12h8, ZDHOE 4 Bk 8.43,
555 BN 8.03 &, BEHEL I oM TEIMIS
pHIE I o, BHER, BHIERI
A 46~51 L/min, BIAIJER I 4% 18~19 L/min,
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51 BB D 184 mg/kg » S RN T LI
R L, #5 BTl 6l2me/kg IcE TIK N
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mg/kg » 5 5.1mg/kg i1c, Cl™ 1 12.2mg/kg
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PES T EITENL, 555 BB T3 102 mg/kg
FTlLALL RnEEbEL, F1EM497
Bq/kg 7 555 5 P 842 Bq/kg &, M TR
LEBEHIEN S &, BRI ES T
LT FAOHERNED S,

3.3 ERBEIESEER

BRI ER 1T B 1 BIKALE N R OIRYIZE
% Fig. 81, /KNKE e LB IS X BH
HEOB%R%E Fig. 9 IR

mpcRg B0, KAFE N RO I
4 FEME (BHE 33L/min) 1 SN, Al
MRS LN ER ARG ERE T 5 &,
HIEESER, RDoEBYERSNS (=&

=, 2008).
1 1F 555 (L/min) =
PSS (L/min) X 0.8 «w-«weeer (1)

L7chi> T, ARWFED 7 — 7 5 5155 ikt
RIFRICHE S B RAG L5 4 B (33L/
min) TH 205, WRIFRICBT 5 EIEHS
m=iE, RQDEHKDENS.

MRPFIR O 1E 55 (L/min) = WRFER OIRFA 558 (L/min) X 0.8

=33 X 0.8=26. 4 -rereereerenens

~25(L/min)
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Fig. 8 Temporal variation of drawdown in the examination of incremental pumping up.
Q1-Q5 : See Fig. 6 caption.
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Fig. 9 Relationship between volume of pumping up and drawdown in the examination
of incremental pumping up. Q1-Q5 : See Fig. 6 caption.

STE Eo#EIES SR 264 (L/min) TH 5205, LZeficE A ¢, #iEES=EE 25 L/min & L7z,
KO SN IESEEICL D, EEEERBRET- 72 (Fig. 10). T OFEE, EHHESEOBI/KALD
LIEB L BB L% O BRI ADRIENBE S N L SHERERED S ish - 7.

4, % =

4.1 BREESHRICEITZMRIFEROUMEILFZHIES
BBt BR I 12 B8 1 2 W RIR OBMBEOLB ORE & 2 i 5 7cwic, HEREICE T2
FERER OBAEO LB R (CVip) ERRFROBIANEOEZENREL (CVw) ZHEHI LI 8K
I (CVip) OFEfEE, HRFROBNEDOEEN R (CVi) DFIEFERE Table 3 1T/
T OFER, WITNOHHIZBW TS CVi OFAEITIENT CVi R E <, BIAIRITIENT,

171



BRI CENTERE, ATH B EREAST, ORRERNTT, GDERHERK, e rEREE i SR

Og‘3
20 %
40 °

60 N

Drawdown (m)

80 o
%05
100 - ®ocoooocoo0o0

120 | | 1 J
0 500 1000 1500 2000

Time (min.)

Fig. 10 Temporal recovery of water level after stopping of continuous pumping up for
1,740 min at 25 L/min.

Table 3 Comparison of the coefficients of variation of KRR DEF RO TREX W Db
the observed results between the observation wells o to, Bz, EEIKTOEERCO

and the target one e
WTZDMHAIFEL L, Nat D CViy D

SEHEDS 230 TH B DICK LT CVigy=
4771, F~ @ CVyy OEH(EH 551 Th

The average of CViy¢ cv
tar

Monitoring items (Observation well T ~1I)

Water temperature 0.09 0.70
pH 0.45 3.67 BDIH LT CViy=67.75 13 &, B
Na* 2.30 47.71 BT S T &I & AHEBR LA B 3 i
F- 5.51 67.75 b’(‘j(%h\l&i)iﬂﬂ\}b)&f;qf:_
- 6.14 53.18 % 72, Fig. 6, Fig. 7135 L 7 &40 IE
SO~ 5.90 65.83 e . s
HoWRIEE D 75 705, BEGS
Rn 1.49 37.11

AERICBWT, BREMSHED T EITETL
reHIER(L b E LT, © pH DK
T, @Na', F, Cl OREKT, @S0 REDHEI, @Rn RO FAMN O RLELE)ICHEE
THIENTEXS,

4.2 T yitha A+ VRELELYA F v EBEOS W VEEM
&5 (2006) 13, AFFROEBMIER I ~MOERE =5 Y v /AL TN L /AR, S, BRHMT
KD FBEEE Cl EEORICE WS, TNoD 2NN EEN 2 HKE (LR F/CLi;
K@D ZFBEBERRSOMIGIEE L THRIEL TOAAREMSEZH VW L2 RE L. £2T, &b
(2006) D F = FITARFFTRIC L - TEONIKF— s 2MA T, F & Cl- O#GRIZEE L7 (Fig.
1D, ZOfER, AFFRICE > TiEoNcF— 2 2MAThIE, HFERI~To7 e v ~i3iEE
Fl—EfE Fic 7o o b &, HEBHREDY 0957 &, SWEBIBIE Y SN 5B T &b - 7-.
BIER I ~Mick T 2 FRELE Cl EEOYRERE, KB DLbhEIhs.
[CL Jops = 0.62 X [F ™ Jppe o 2.5 +eeeeeeeeeerereeemmmtttttttittttittiiittititet ettt (3)

—F, FERERICB O THRIERY SEH LERKFO FEBEE ClEER, WIFhop
BBV T HEIERO 7 2y MIEE 3PN NEICT 0y b SN, REREERONRIE
RICBT S F & Cl OF 1~5 BEOHRICX 2MRERET, KWossoEansd
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Fig. 11 Correlation between concentration of fluoride ion and that of chloride ion observed

in this study and previous study (data from Mori et a/., 2006).

[CL T = 043X [ gk 1T w+ereveessneessneeantet ettt (4)
KIRIFIRICTHE W T SMHBIRE 0,996 TH b, BIHER EFEMRICF RBEE CL BEICIESWVHEE
MWIHBTENDp-Tz, Leh->T, WRFRICBVWTD, BER EERIC, F/ClaKEDERE
VAN =S (A

4.3 EBESSEXBCHSHTREZRHOE(L

BER I ~McH T AE0RERE, EEBRE—-RTEIEh0, ZRENDRIKIEEN
5F & Cl 3, HUEETRASNKE—O F/ClEKER S SNhTO S RREESH VL T &
DHEAE NS, L Lhs, BMFERI ~TOMEH 062 Th2DITH L, WRFRICBVLTIE
043 ThH D, B -HEEGTF & Cl MWREESNTVWAZ ENHERIEN B

F/cFig 11 5, FIEEE CI B, BMEHEHARICE ) 25580 LT, Eok
IBEEERLICPICOVWTERT 5. F1EMBEFE 2B T, BERICMAEICTm Y bahi
boD, FIZEMENSIIF RBE, ClBENEAUNE N LAAEIC Ty bahi, H4B
BE, Bo MG £/, FIBRMEID S SITF EBE, Cl BEMENLAMAEIC oy hahk
5B, FABREORTEMOMBEIC T oy FENTWAE T END, F4EM, H5BRETR
FEERREDd 20, ClBERMES N TVWAE T &bk Tk

DT Lo, BEGEABROBEMED LT, 1ERIHAZZ T TV F/CLAKEDN S D%
HRWTFHR, F & Cl 2HENEATOROHIEKIC X 2HPIERAZI T, 7o v MIBESE
fbLicbo EHElla N5, —fic, MKPFEIIDKDRSE LTS B WiZkHIC, 4mg/kg BEO
Cl WEENHLRBESNEN (HARELARKRAETIEH, 2001), ZoD X5 @HiFEKkbo Fo
IRE R HEBRRWEEZEZ 5N b0, F4EME, FBERBICBVW TR F BEOADRBDIED S
nicbo LR N 3,

%72, Rn OBPE O FFER O ARZEELZIT > W TIE, Rn 22N 3.8 HOMEHEME TH b,
Rn L, Rn 2 SUHI FKASBEHICE 2 £ TOREREICEBICKINGT 5 2 & 2FE LB TIE
o0, BEESHED O &I Rn BE O EFMEAAED S BRE LT, BESEoimatiw,
Rn AKMICHEIT L Th & B E R il Ic E > 2 5 ThH A AJREM N E Z Sh b, 7272 L,

173



ORRR ENTERE, ATH B BREAS T, OKRERNTT, GDERHERK, e rEREE i SR

AR TR O NI AER T, BEEPHEAZZBROREEB OO B ALETH B9, FHlIC>VLTIR
SROT =5 DERPBETH 5.

4.4 MRMIKICH T ZBRKS DREFIRR L EEDHEE

GO O MR AEENICBI L TR, DT ofEEmslEsnshcns Ro, 2006). ©&oLl
Mt — OIRIRKIE, EREE 7 7 v 7 ZFHRES & 3 2 S0 E Tk ERKEET 22L&, @
FRELE Cl BEICEEWHREDZ S 0, HBow/KEL» SEL L O AR m W & @
HOBRICEWT, MFKBEA SN, BANERIC L 2 EERFERA & DRAGEIGNET 5 C
LT, BT 2IRRKOBRSBRENETT S &,

IhooifEasEads LT, AWRICE > THEONLEERIIES 7 — & 2NA T, HolHRic
B BHFRIRDZEEIC S W THEET L /2.

FHATER L2k 21T, &S (2006) O EEEE, WRFRICBVWTH F & Cl i@ WAHEE
MEHoNT. L L, BHIFER SHTRFRORREROMEE RIS 2 &0 5, HRFRTE,
BHAFERO F/CLR/KEE X T & Cl ORGEIENENR 2 F/ClEKENS, F BXUCl Hift
feEshTna Il EMEBEZONS, B8, WARMEOBMNEE L~V F- & Cl OR&GEHIE%2K(3)
BLORXW»oHHET 2 L, BFRD F/ClakgoEEids iz [F]:[Cl]1=10:9, W%
JFROMEEE [F]:[ClT]=10:6Th 5.

F 7, BREGERER OB HED O &) OBk bEE NI oW TEH T 5 &, Nab,
Fo, Cl” ORI, NRFEROREMESES 8T, HEICEEMMEN L, TnEHRKT 2 L9
12 SO& B B Uic, WM T OB 2R & 35 SHElls 2 F- & ClIOBEMKT L
T, FREBARFETLLRESINS SO BEMN LA L &3, FEREERA & B
TERDIRGEI GO X > T, RRKOBMNBENEE) T2 & LicHEn GRS, 2006) % XF5d
2b0THL. WMRFROBEEEAAINCKREL T LIk - T, EERFEREOE G AL
ITEMLz b o s 3.

551 BB D58 5 B o TR bR E I BREEENEY St SO8 TRIET 5 &,

[SOAZ*]QB/ [50427]@:6.34 ................................................................................. (5)

LEchi-T, 5 BEIcB0TIE, 51 REBICBT 2RBEERASSEODE LS 6 5EE
D E RPN R IRKIC R LI [gEE N E L SN 5.

PlEo k5B o REic >V Tld, E8RAEICE WV TREKD R BE ST 2 FEHE L 7 i
R BEINbDTH B, DL BRI EEOHEBINEEIC X - T, TREROMAARIP
R BB A HEN T 3 C LT X BA[REMEN S B 720, TG U THIER L2 © O 2325
Ao TV TERYEE L WEEZ B,

5, ¥ & &

AWFIC & > T, LIFORIAMNE S,
NRREROREICEET 244 K54 v | IWHES N [B)2EE OB OREHEYS O H3: ]
WWHS BT AFE L, TOMPELEI L. [A1 K54 vicks EERAERENYIO
Hplch b, 2ECSMERFLDEBEVIY, SBROFEDSE L L GEATEETDH 5.

- G EERRR IS B T SRR OB AEE 2 HE L 1L T A, BMENEDEIC Nat B,
FORE, CITREDOKT, SO/ BED FAMED Shi.

B IHHS— T B 1T AU NRIAOEB) > W TEE L 2. R TIE, F & Cl 28A KW
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Flo, SRERDPVEEEZZ N IHHEE, LITOEBY TH S,

- KA, BREESEREICET T 2 BHEEOYHEOAE /T T, WhIdHIERLY
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HiED, #4 K54 voEREFETE, BREFEORNLBE2EIZEIN TS 00, Hl
BALEATESE D S DRI SV TRIELAEEFEBESN TV, AIETEO ML DT, B
ki D BERE S EC 1T D N CIRIRE Y DIEFENEE) T 2 W S BRI, hofRER T L Horicke
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BT, HEREZERI SRS S OWERNETH L EEZL NS,
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SWT, BAIRZ 3 AR ST, SBisNTWS. LrLBEsrs, @WEHo BREH %
TR 27201213, SHEMRETRDEVWLEDEEZ SNt BHINIKPEIYEHREEEZ T
LTVEREP, BAIERSHRFROIFICHERTERVIEEEE, LoRPOBAEEZ <D
F=IBMEEN D, HARITA VT, DR ESFERTECHA K54 v oipbime L
T2EEHic, Ml ZOHEFETOTEEL-THBY, COXIBHECHETEx2LS, #
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