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RESEARCHES ON MOVEMENT OF GROUND WATER
BY MEANS OF DISSOLVED ARGON (1)

By Ryuma YOSHIOKA, Hiroshi DEI, Takao TOMINO, Toshiaki
TANAKA, Yoshimasa TOYODA and Masami TAKAHASHI

Synopsis
The authors analyzed dissolved constituents of 35 wells to investigate ground water
movement in the Iwakura area, Kyoto city.
The results were as follows :

(1) The chemical composition of well waters was of SO +Cl-—K*+Na* and HCOjz-—
—Caz+—Mg?* types.

(2) The higher concentration of dissolved major inorganic constituents was detected in
the area enclosed by contour lines between 110 and 130 meters, particularly an eastern
part of the Nagatani stream.

(3) The pattern of NHf —~N and PO}~ —P distributions was similar to that of major
inorganic constituents, but the pattern of NO7 —N distribution was completely similar to
that of NHf —N and PO}~—P, and NO; —N was not present in almost all well waters.

(4) The dissolved oxygen estimated on basis of dissolved argon was considerably unsa-
turated in well waters of eastern part of the Nagatani stream.

(5) The dissolved nitrogen of a great number of wells was considerably unsaturated, and
denitrification was found in a small number of wells.

(6) By using simultaneous measurement of dissolved argon, the effective velosity of ground
water ranged from 1.7 to 3.0 meters per day, corresponding to different hydraulic
gradients.
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206 FUKBI KB 5225 B-1 (Wi 54. 4)
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Fig. 1. Geologic column by boring
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Fig. 2. Map showing sample localities and classification of ground water quality; @:
HCOj; —Caz++Mg?*, A: SOz +ClI-—K++Na* and X: SO}~ +Cl-—Ca** +Mg?*.
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208 RABKATER HF25B-1 (H 54 4)
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Y, Riceata—- VAR TBEELRINS Y, TORBRBEREBRELT S,

BEER - TAIT Y FFEOC o o— VBRI L ABINEOT 22 sa< 5574 CERT 5,
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BHERFOBREFRS EFARSOSFREEE Table 1 107 Ui, EEEERS TEEOA A Y
DOMBEHAFERH UIcKEX S Key diagram) 55, A#uROAEZ28E L, HEEICRLUOM Fig. 2
THh 5, HCO; —K* « Ka* R/KIZAHIBICIIS SNt h-7c (L, 19784 1 H O FifHa 005k th
2RI ZDBDKTH »7), SO - Clm—K* - Na* BIc ABH#HFi3 4 6] (No. 4, 52, 56, 78) &4ix<,
KE@i#FR, HCOy—Cazr . Mg?* & SO~ . CI-—K* - Na* #ic AD, #JIk A, Bidv¢hs HCO;
—Ca? - Mg* Bc/HEEN 5.

FEOHEFRIEICE D KENMRBE S B &, EFRAKCHERLTHAHF No. 10, 31, 33, 35 52
58, 83) IZIIAKEX > LIRS HIIZA SNV, BEEREROHFI0MF 3 @ (No. 28, 43, 67)
1FHCO; —Ca?* « Mg?+ Bz Rrd 535, fhod 7 @r (No. 36, 39, 64, 72, 80, 84, 102) it SOF - Cl-—Ca?+
Mg MER D, REROHFIZIE S0 - CI- —Ca?t « Mg BnE L A5 5, —#ERDHFETIZHCO7
—Ca?+ « Mg?+ Bt AB3#FI126 AT (No. 11, 34, 70, 74, 76, 101), SOz~ . Cl-—Ca?* « Mg**#ic A %
HFIZO®mFR (No. 9, 13, 20, 23, 41, 45, 48, 61, 71), SOz .Cl-—K*.Na* #ici3 3 &@F (No. 4,
56, 78) Lizh, —EADEAKS, SOF - Cl-—Ca* - Mg** BOFNELFEET 5,

Na*: &/M#iz 1.5mg/1 (No. 10), BAfiid 36.8mg/1 (No. 48), FisfEi3 16.1mg/l &7, 20mg/l
P EomEE RS TR No. 20, 35, 41, 48, 52, 56, 61, 71, 72, 76, 78 THVD, TN 5HDKRLIHIE
iR 110~120m OFEEICHH LTS, 10mg/! DT OBEERTHFRIIBICEVINCE S AT 28
FMBHALND,

K* : 8/ME 0.3mg/l (No. 10), H:kfEiZ 13.8mg/l (No. 72), iz 4.1mg/l 12y, 5mg/l
PIromEERTHAIR No 4, 41, 52, 56, 64, 71, 72, 76, 78, 80, 84 Tk, Na* LEKEIEHH%
RLTO5, 2% 0 IBREKWEBEOHFBE L, &K 110~120m O 3EEBEOHF MBS
SHLTO S,

Mg?t : B/MER 0.6mg/1 (No. 10), &A4EIZ 9.0mg/1 (No. 20), EHfEIT 5.2mg/1 &8y, 5mg/l
PlEO#EE A RT£F 1z No. 20, 31, 33, 35, 36, 43, 45, 48, 56, 61, 70, 71, 72, 74, 76, 78, 83, 84
E18D, ERNEEIC L THERAOFOHF ZHENEESEOENEZRLTO S, b5 U Tk
BEALDHFR S5mg/l PTTH-7c,



1 composition of natural waters in the Iwakura area.

Table 1 Chemi
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210 TUKBH KRR 225 B-1 (] 54 4)

Ca?* : g/Mi Iz 0.7 mg/1 (No. 45), BAfEId 35.4mg/l (No. 67), SEfEiz 17.1mg/l THy, 20
mg/l PLEOBELRTHFIZ No. 20, 35, 36, 43, 48, 61, 67, 7427y, HAOKHICHBHEHEEL
Mg ERIRZEL LI aHmERL TS,

HCO; : B/M#iz 6.9mg/l (No. 10), #Afiiz 129.2mg/1 (No. 35), E#EIz 51.3mg/l THY,
75mg/] Pl omEEL KT HEF 3 No. 35, 67, 74, 76, 78 TH D, TRTEANLDEMT, S5 130
m XD ECEBICEEL TS, BAITHENEBELRTHF REER 110~120m 0@HIcE < A7 L,
130m & D BOEILSER T EBEDOHF S,

Cl- : B/MiiE 2.6 mg/1 (No. 10), BKfEiZ 60.3mg/l (No. 48), FgfEi3 20.8mg/l &7y, 20mg
/1 Y oA R HF No. 20, 35, 48, 52, 56, 61, 71, 76, 78, 102THY, thbHDIFEAERE
Efs 110~120m THF NCEBICHTELTH S, |k (A-B) oFHEREH 3.3mg/, FHFKD
B/ME 2.6mg/l THBZ Ebd, RHEBOBREAETRTOFFRABNBEREZI TS0 LEES
h3,

S0%- : &/MiIZ 0.7 mg/1 (No. 45), #AfEIZ 30.4mg/l (No. 36), FEHfEi3 16.3mg/l1 T, 20 mg/l
Pl EoEA R HE R No. 36, 52, 56, 67, 71, 72, 74, 76 &750, EANKDEMIKEL HHMLTNS,
Soluble SiO, : H/M#iz 6.2 mg/I(No. 58), &K 22.3 mg/l (No. 56), FifEid 13.3mg/1T,
15mg/l Pl LoBESRTH5 12 No. 11, 13, 39, 41, 56, 61, 70, 72, 76, 78, 83, 102T, EBA/iLD

HETIREER 110~130m QO&Mic, F/ENTIE 110m PFicE 46 LTH5,

4.2 REEHEORH

NO; —N : 12 & A EBBHBRYIFTH - 720

NO;7 —N : £/JMii2 0.08mg/1 (No. 11), /M 9.75mg/1 (No. 41) &72h, F5EIZ 1.89mg/l
LD NS Y EFBREL—ELTOE, 2.0mg/l Pl EOEEERTHF X No. 9, 13, 20, 23, 41, 56,
61, 64, 71, 102 THHERANLDBEMICEIFEL, C, SO BEOSHRELCLE-TH3,

NH;f—N : 8/M#iz 0.41 mg/l (No. 58), SAfEi2 6.72mg/1 (No. 71), FifEid 0.94mg/l &30,
1mg/l Ll EOBEEFIHFIZ No. 33, 71, 74, 80 THY, No.33 DIADOHFRESNOEMICHY,
FERICHL, HBOBEOROVHESBEHMHLTV S,

PO§~—P : B/MEiZ 0.01mg/1 (No. 45), BkiEid 0.58 mg/1 (No. 56), EigfEid 0.15mg/1 &7320,
0.2mg/l P LoBEERYHFZ No. 13, 28, 33, 41, 56, 67, 71, 72, 76, 102 &#2b, SEsH 110~
120m OEHIKELFEEL TV S,

4.3 BEAROSH

—IR T KRS EL BB I oM T, BEBEFERIFEEREIC X 2 ELEHRE D DREIH
#BEXNB, £ UTETHBEESER I NI o0T, REERHOTEESBAICILY, ERBLYH»SEHRD
ik (RafEf) DB CBbNBDICEEERZIENT 3,

CDBEBEELEEOETOBEEZMBITI, KO 4.4 TRNZHEHICXY 7T vaEREEThEX
NP0 FIh B, HTFADT AT VRBRENSLOTHEICH > T, KREELTO L EOBMBER
FTLDOTHBH D, ZOTATVEIOHEBNCEBKROMABARRPERBENDICENTES, LOM
ABERLERE @R tHRKSOZhO0R (EE) L2HBTIE, ChoitBEhTEhiy
EB L i ERAICH S C DT L 18 312191019,

BB Fig 3 CHNBEROSEARBERT, CCTOMABKERERT A= Y ELOHEE LR
FRET BEOFHEEE -1 03T LTS, LBEOHFREMELEHENE M EREZRL, S
NXbERmoHEFDS & No. 35, 36, 67, 70, 71, 72, 74, 76, 78, 84 HEVME (20~25%) %RLTH
3o DT ERLBOHFKIFBHHEHSE OO THRENCHE S BEBRFZOWRIDIIOY, BEOHFKI
RELEGEL, U bRIEEOHESETNRETH I LERKT 560THS ) NBIEEHRRH
SEAICEEIN O LEHF RS- (No. 74 D16%H58/ME) o
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Fig. 3. Contour lines of dissolved oxygen estimated on basis of dissolved argon in
ground water.

WlEE® SRR 105 %L LoMAE RIS HFI: No. 4, 35 41, 67, 70, 72, 78, 84 <T&H b, I
FYERERT AR RBEFR THHT 209 BERANLVEMICS HFE S, BEMMBOBENAFE
FOHIEERLTNS, TAT VB OHE LEBRBBORZRBOEMBIZEA LS LN OHF IR No. 28,
39, 45,61,71,74,76,78,80,102 DIOWART, ThoDHF CRIRSERPEEERARIELALEC s T
WHDEHEEI NS CNOUAOHFREEERASFBLTH2 b0 ELMRING, TOX I IKEMIRD
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212 WRBERUTAF R 5825 B-1 (M 54. 4)

HTFRRREERLD SERERSEBLTHE00%EN TS 5,

BB, REEREZRLUICHEOBEMBEERIZ28~63% L FBANBETH A HI2DLT, HERR
MBHEONBCEDHAE LT, Koyama & Tomino'® |3, M¥khOEE/LHOMAMCET 2 HERRIME
BTk BEEHFISTH B EROEIICHEELTVE L &H D

2(CH, - NH, - COOH) +30,—>4CO,+2NH;+2H,0 )
. NH;+20,—HNO,;+H,0 @
5NH; +3HNO;—>4N, +9H,0 @)

WFARETORBEEISBECEEDEEIONS, $b5—DO0MELT, BINEETHREREREN
BEMEL S TORHTKIC, BEEREZSAALBTKBBALTE L DE(ELONS,

4.4 BEZIVIVEHLHIHTKORE

HFROTHEERD 55k, WRKEBFENLE (CEYERARLTEND L, choR0ThEE
RHEOEESEOBRACIERNBERD TS 508, EEEMOM T kOESHENTEIC 3RESHES R
BOE,

Sugisaki'? oI T LS vk b L=~ & UCRIFSM O T RO ELEFHHERD TS,

TNT Y HEEREED b v—Y— & LTEREFEMOMDDEEZ GhE01}, ROZOOBHIK XS :
@7 v v REh TSR ETOY, TrokBELMEEE5 X BBHR 4y —ATR, #hTo “Kk
DERING CAr JERTE, AEINLTATVABRTRTRERREZEZONS, BTV VOB
BEIZKRICE » T—BIICHES NS,

Ufe s T, BkPtgkshTARBEL T BBETRARFOT v v 205 OB T 5 R
B2EGBRITHAZ EiIcED, ZhoBHETREBOFEEL TR BRICENT, #fidhoDREKOEEL
ZRRNHBIEKEL SR, TATVRRZOITE/FINTORZ EKig 309000 5,54, #TF
KEUTKRLEBLUTOS EHE ABEERL>THEINETHAID, KBBBELTHOHIDE
{8, WEMHBORPNECAHATRT T VEBEEINE,

FIEZT, HFKBOT VT v ERBETIE, TOKOBRBROKENEETES, TVTVEND
Bk PRFKDBRBR LS DD - T, BBEMAURE TREROREIZTEL,

Sugisaki®" i3 E—HKEICET 2 2 EHROBEABORE T VI Y BE 1 FRIERREL, ZO0BKEOD
BRIThE, BRHEARNAEME LTEERHEREHRLTVS, ¥/, 5—20ks LTR—%
KEBLBETAEROHFEKPOT VT VY ERERAELT RBHFACE>TT VI v BOEBZENTZO
BRE B/MEDS B BERD, ZOOB/MEREHT AN L ELP > THE LA DELT, TN
ZEHL, MAEOBERI—HLEBELTHS,

O RIXBERHTCRBCT VT Y BEREL, 20T YEIDHE LBADHEKL E OB B
DOKBEEEH L, 20%KEEEONOM Fig.4a ThH3 (Table 1 BJ). 7T v ELOHELIHT
KEOEEHRER 16°C, BEEEIZ 0°C TH -7, KBTI, ChoDEKEREF CENTEEL
>7eDT, KiEH 8°C h5 8°C FTEIT S, Dk AB, 7213 CD > THIFAD 6  Hdob
>THETA&RELT, BN&DEEEF D, FOuEEHHET 5L L7~3.0m/day &£155,

Fig.5 ICABBOEKMRETRT . D OHTAOEBIREE)NZRZEATRELL ZDILSHS6NB,
Fibhb, —HFRELOUEI STEHAFANKETE 0THY, MFBADLDSENHSIHEHTH S,
WHOLFHLBELT, 20HEI 1/40 6§ ABH)~1/25 (1% CD) &A%<, LhdliofknssF
BEh B OB~ OESNIHENIRIZEA SRS, BELLEN, FEVRENSANEDS N b KD
DRENT LR EDPERNTH S,

WE, ROXBE VY —DERILORDI>ETEE

dk
di’

V=—K V=nVp (4)
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Fig. 4 . Contour lines of original temperature of ground water estimated on dissolved argon.

ceT Vi gvy—tik Vo: T, K: mkmg n: mmg 9 mior

AR OME ZEBRANC IV E LY OBBRBTERINTHIZ &0, n=0.2 BLT K=10"% cm/
sec HRET AL, EFER L1~ Tm/day &85, chiR7os v Eh OHEE Lo EEFEE L —
EERLTOBEVZES,

245, SEOMFRNREL - EEHBOMTRBARERTATSHY, KEEORFHICX D HTADDE
BT AT vRIEBESY30TREVDO BRI, ABAER Fig.d) &Xx6H4EE (Fig.5)
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Fig. 5. Water level contour.

HOBFINZHEEHHFNO—HLYD, HhTOPHTBBLERIEETHY, RELOXHRISTVITHO
TWRWE S ICRZF hic,

Ltehs»T, IROBET VI VEBIOHEE U T /ROEEFEIEIESTHD, Ao X5 REH
FhicHLTOBEET v YBERERTES VIBEMES N,

5. £ & &
FROEEHIROM PR OB EERS, REBEE, BWETXOSHRIEM T AROHKB LS BAD
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5, AEDBEEMPIHIATELEDS,

¥ 9, FEEBESROTIS, AIIGEOHF TREOBEREVEERTEAND D, TE 110~
120m I NAEET, BANZEIC LTERICRBOVERRTHESSEb ok, ZOT L, HTAS
TUsalin, EANBONKESEN (Fig.2) 243 &, HCO; —Ca* +Mg* BMOFNIAMBE FICE b
BOERIN, COKBSHTREZUEBFOF BB LIEHOI SIKFRENET -~ THE L LE2REKT 2
bDTH55, chit Fig.3 OBREBREBLU Fig.4 OBRET VIV XDHEELUIKEMD BN
ARBHRICH T ABBE L THWACLES 53260 EEL 605,

wic NO; N 0BBELRTHFREMICE L, ULrdTIIGEnES EELTWS, ZhidE
BEEFELELBATOAANKOREC LD, HWETOERYSHBORIERL), QickbhaEsh NO7
~NBELEDZOOEEZLESE, HYUE L OWNABSEBL TS LIt 3, COHRBANIKD
BEEZHC WEBLNEHTKD NO; —N BESHEERE TR OERNERL TS &9 NHf —N
BEAMLDEMOMBRIC I DE L AHLTNEZ E, HEVRAEEROSTNR (Fig-3) »5dRMK
boEELLNEG,

BEERZOSHH Fig.3) HOHMTAORKEEA5E, BHMTREA)KXZHMTROERENS SN,
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