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Geochemical and Hydrological Characteristics of River Discharge in Karst
Area in the Middle Reaches of the Tonbetsu River, Hokkaido
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Division of Geophysics, Graduate School of Science, Hokkaido University
Youbun NAKAMICHI and Koichi URAKAMI
Division of Earth and Planetary Sciences, Graduate School of Science, Hokkaido University
' ( Received January 23, 1997)

Geochemical and hydrological measurements were made in July and September 1993 in
karst area in the middle reaches of the Tonbetsu river in the northern Hokkaido. Discharge
and chemical constituents in river water were also observed in a tributary stream to investi-
gate response of runoff to rainfall. River waters of small tributary streams in the karst
area, particularly in droughty periods, are greatly enriched in Ca and HCO,; compared to
main stream waters, which suggests that baseflow of tributary streams are kept by discharge
of groundwater dissolved limestone. Hydrograph observed in the tributary stream displays
quick runoff in corespond to rainfalls. By separation of runoff components by using mass
balance of HCO;, it is found that groundwater runoff quickly increases at beginning of
rainfall and surface runoff remarkably increases when rainfall continues.
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W E N5 (Palmer, 1991), HGWICFE L 2SI BAH%@M & 4 ) Boko R I #F ki
FTCET DT, AREHIBOFFE DKNRPBEROBUEI NI 2B EILE/RL (Dreiss,
1989; Shevenell, 1996), WA FEMIcF L THWREIGE 2 RT I 055, /2, #TXKIEHE
Ran bW L AERS % £ < aihs, RERL, HERH, HTKERL &RBERERICL -
THANNZTRAT 2 KOCERSFOBEL R 2 DT, BRI & D 2 WD KDICERS OBER
MBEAZELT 5. 2ok ) W OFBFHECRERIC & b 72 ) MIKRFRS DB TS
7z, ALHREACER O N REOBIKRE DA T HBic BT, W DFE, WikaK
ERALFERS T E# BRI L7, BN 1993 F 7 ABL U9 HiciT-724%, TAH6EH»59BF T
74 BREIZIE, AKRE»SH T 5 B0 WHIC b - THRESFBS OBIE %47 - Tl
IKOBERREEZ BN, 9 21 H225 30 BT 10 HEICIZ, 12o/MilicEB L THESR
TR OER B % 1TV, BERRIC AT 2 W o e bR s D Z b % R,

I. 3R & A &

BN, AuEALEROWHIN DKHIC H 72 5 FKAN, FRANB L UCEDRD 3ANNIZBWT
-7 (Fig. 1), Zhboiilid, WBREEsZNZEN, 4.8km? 13.0km? 5.3km* ThHY),
& LRI AEEA 600 m TR THRIMAF50m TH Y, Kby SBEICHL - TUTFEATICHTL T
Wb, PRBICIZFE LT SEEHHIC 2T TCONT ERII - 5 B2 WS L T 2RKE
WY 5. AIKEDEERR, WESLHER LV L > TAKEDHEHITE 1.5~ 2 kmiCh7e 5T

&
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Fig.1. Study area in the middle reaches of the Tonbetsu river in the northern
Hokkaido and measurement sites where discharge and chemical consituents
in river water were measured in July 1993.
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Fig.2. Horizontal distribution of limestone in the study area.

A &I 2T 2 & ) e kicam L T35 (Fig.2). Lo L, ZDLRBUZIC 27
Rl o BELICHT TOMRERF v — P2 EERETHIHENEZRLTBY, AKSIIIZEAY
SAL T UNMUNS, 1963 ; BT 5, 1937). REN /NS X FEOK RIS, WEMED
&R 120 m HEICPEFESLFEL S D, 3/ FENEILRAS FY) —ArSEL, AKE
HBRANOHEr A LN 5, EILAOWNIBICIZ 2 #FTICEATIR S KD F o izithdsh 545, =
NHIZ DR - I2KBEITHFEL Ty,

0L AR Ze s

1993 76 H»5 9 HE T4 HEIZ, 3WIDERFKN 10 #H8 (Fig. 1), 26Dk
AT BB LR/ 154 B (Figs. 3,4) 28T, WIoRE, Kk, EXREEE, 16
RS NDBEL EDUNEEIT 72, BIEHERIE Table2i2Z2 D Th 3, AEHMBOFRBLZ
3 km HHEF HE TREBADITHO LT 55, BKENBRRRERICL 5 &, 199345 ANA
BeKEIE 59 mm, 6 8 AMKE 67mm ThH ), BAKEL DL Dlevs, £72, 6725 B
527 BETIZ 23mm DR S - 72112 7 A 15 B & THRWA % <, BESFEF IR R %
D DEKIRRBIZH » 72 LRSI NS,

Table 1 i 3N DARFKN 10 ML TRIE L 2HE &, RFEES L UVLRELZRLALDTH
%, Fig. 2 o &), FFEAN DA B4, mORDAE C2 B L C3IZRKE»TMY 5 H
B LR TR, FERNNORLE BlLIZAIKE ST 5 80 Limific » 5. FERAIIMHED
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Fig.3. Measurement sites in tributary streams of the Shirinashi
river. At the sites A4 and 3, changes in discharge and chemical
constituents of river water were measured in September 1993.

Locations of stalactite caves(CJ) and sinkholes(®) are also
shown in the figure.

Fig. 4. Measurement sites in tributary streams of the Hiraganai and
Takanosawa rivers.
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Table 1. River discharge and specific discharge, measured in July 1993.

Site Discharge Area Specific discharge
(l/s) (km?) (1/s - km?)

(Shirinasi river)

Al 36.6 3.39 10.80

A2 40.6 3.64 11.15

A3 40.2 4.29 9.37
(Hiraganai river)

B1 197.4 6.85 28.78

B2 186.5 10.35 18.02

B3 193.6 11.98 16.16

B4 203.7 12.99 15.68
(Takanosawa river)

Cl1 27.7 2.20 12.59

C2 34.1 4.59 7.42

C3 35.9 5.21 7.01

Table 2. River discharge, water temperature, conductivity and major constituents in
river waters, measured in July 1993.

Site Discharge Temperature Conductivity Na* Ca** Mgt Cl- HCO; SO;-
(1/s) () (#S/cm) (mg/1)
Al 36.6 15.0 53.7 5.72 4.51 1.51 5.86 16.27 2.00
A2 40.6 15.3 69.2 7.20 5.90 0.74 7.19 20.99 2.56
A3 40.2 16.4 80.2 7.35 8.95 2.31 7.18 28.19 3.12
Bl 197.4 16.3 78.4 5.82 8.83 2.13 5.76  28.15 2.92
B2 186.5 13.1 73.8 5.90 9.35 2.32 5.71 28.96 2.90
B3 193.6 14.3 81.6 6.69 9.75 2.59 5.87 30.76  3.06
B4 203.7 19.0 76.1 5.21 9.57 2.36 4.99 2959 2.78
Cl1 27.7 13.3 83.3 6.98 7.99 3.03 5.65 31.27  3.10
C2 34.1 16.6 102.2 7.42  10.20 4.15 6.00 39.52 3.54
C3 35.9 18.6 100.1 7.35 10.07 4.25 6.05 39.21 3.76
1 0.6 13.0 192.0 7.43 35.73 3.29  6.55 91.43 2.44
2 0.6 13.1
3 3.1 13.9 238.0 8.15 45.96 4.87 6.70 119.88 2.75
4 7.2 160.4 8.78 28.62 2.28 8.17 72.13 2.71
5 1.1 13.0 234.0 6.89 50.30 1.96 6.24 116.99 3.12
6 1.0 9.8 205.0 6.57 41.32  2.57 7.64 98.08  2.92
7 2.9 15.2 217.5 7.43 45.56 2.52 7.19 107.21 3.52
8 1.4 19.2 213.0 7.05 45.99 2.88 6.84 109.81 2.02
9 3.8 19.0 218.5 6.98 45.16 2.73 7.16 106.58  3.03
10 4.6 17.6 201.6 7.09 43.08 3.59 7.03 104.83  3.55
11 1.6 15.2 132.2 6.75 9.77 10.24 6.70 57.54 2.98
12 0.7 14.9 98.0 8.61 8.69 4.22 7.89 35.72 2.78
13 0.3 15.0 112.8 7.14 13.69 4.44 6.97 45.47 3.18
14 14.5 7.46 62.00 1.59 8.32 3.15
15 6.8 13.0 133.1 7.93 16.45 5.29 7.20 55.42 4.14
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FARERE AT 2R IC b e » TV BA, REMFELA LML Thwiw, RENSRENRTLE
BoEmERL, TROBEATRESHE NI Ty, BRIICEMIKREEFE LTHT
KIS & » THERIN T 525, MEBRHNFERIIB T ROWBEI DLW L 2EKRL, b

AIREHBETHBMEI N T 5 L 5z, HTAISE R LEKICIEHEEL» B TH %<
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CE G -
CaCO;+CO,+H,0 — Ca*"+2HCO;3 1

DL, AKREREY 22 &0KICETRT W28 (Ford and Williams, 1989), #F XK »HK
EEBHRLUHTARRD Ca® CO; DBEHBEMT 5, Table2 8L U Fig.5icAbas L), A
IKED ST B HIBORIKIL, AMDHIBOFOKRAFTOWNKIZ T, Ca BFES & U HCO,
EHEBIPIEEICE L -Twa, LL, Na, Cl, SO, Z X oflolmizii s A EELL T
WOT, ERAEFERIEHEL, WTAYEKEEPZ D BEHLTWbEEZ NS, F72, 1k
¥R OB (Figs.6,7) 245, AIREFDHT ZHEBOFKIIHA >, BAAr
ROHEHBHICEPLTEY, RKIFCRICHEBLAZHTKRTH S LIS, JlH 4138
WOMDEF ) KIZDWTOGWFERTH 555, BWE & MBS & D IZTUK & AR FTOM)I Ko
HMoOfEERL T o, SILEIZR> BB L2 30m DIEMEICH Y, okKidibEs 5 2E
L 72K T RKEM I E - 72 b D EF 2 S, (WERGBED L, MoKy HKEZ 712

@ @@@
@/ﬂ /T\@
o< ==
b =T <

b <> A il

e e Pz Gr e

504

5 meq/l
[ )

Fig.5. Hexa-diagram of major ions in river waters, measured in July 1993.
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Fig. 6. Tri-linear diagram of major cations in river waters sampled in july 1993.
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Fig. 7. Tri-linear diagram of major anions in river waters sampled in july 1993.

BRL T2 T, FAKE SALFHLFEISEL Tyw W e BRI N5,
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DA 5 FEBICHAT 5Kk Ca BFEL KD TH B L, Al~A3 M T 34.3mg/l, Bl~B4
fiT22.5mg/l LV RELMBE %X 5D, AKEY»SA L VWi Tld, B3~B4 ¢ 10.1
mg/l, C2~C3MT7.6mg/l THY, FEHINB L7z,

IV. BERRICHT 2501 oot Al

REIBLALIZBNT, 1993F9A2L H»H30BETH 10 BHiFichz - T, BkE, &
T, MNKIES & ORKDIEFRS DB %47 - 72, 8 3 13 EFEIAL R O TR O X i
BT 2T, BB EDERADEICH 5, HA AL IZAETREDORR B, FE)IARTICEIT 2
WRTHBH, §TIBN2 LI, FEBITHH CREMS NBEKEIZS5 A5 59 mm, 6 Ab° 67
mm ThH Y, BKEV» LN Uo7z, TAREKESE L% ABKED H T 11 mm
Y ELY, 8ALIHRBARIRREC, ZNFN 141l mm, 120mm TH-7. 9 AT,
1 HIZ 26 mm DBEMAH 72121 15 BE TII L A EHMA %<, 1682520 8FTn5 BHE
12 30 mm (HEEKEIL 4 ~10 mm) DRERAEMS LT 525 Bill% BT % i BamR o
Bu, WAL ) DEKREBICH 72 b 0L BRI NS,

Fig. 813, s 3BV THN S N B E, KEB L UVREAOEIERLZZLNTH B,
BEKE IS AT A T ROBER; ECBE L 72, F72, WIIKAL L Wi e L 2R 2 HWC, #
NENDOP R TOKRMFBIREZ KD, Khrr L REE RO, KEAD L, XROWRIIRET
Kﬁtfﬁ@tlﬁﬁ%ﬁl,fi%iﬁﬁl,fw%; Ebh s, FRc, 9RA 24 BB L UT30 HICKMRMICE

0.0

. I T T1 ll Il."ll ]
E 2.5 l i
8
E e
3
A 7.6

14
~ | L | I |

12
e A

P

N A\ A NN
g, \/ W
a 8

26
o~ ® o
g /
& 10 /\ P [
2 , | ——1 —
6 0

22 23 24 26 26 27 28 2 30
Sep. 1993

Fig. 8. Precipitaion, water temperature, and hydrograph at the site 3, measured
during the period from 22 to 30 on September, 1993.
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L 72 BERS D - 2 (BRI £ N FNEAT 7mm, 5.5mm), B & & bIiIcRED
BELUBENIERLS EABIZEEL TWa, E—27fiEs» 5, MEREMRICNL TH 2B
BUHRBH LIS, 22 HA b 23 BITHhTTE, 13X A BN %L, RESEEICO % (1TIET—
EDEE L >Tb, REDOTEMEIZ 1.2 I/s THY, 23 H21BIcBREIN T, ZHLE,
FNAD Ca ERIZ 48.62mg/l TH ), HCO;, SHEIZ 129.69 mg/l TH -7z, ZhiLsDfE
3, TRHOHERKR L HET 5L, 2N FN2.66mg/]l, 9.81mg/l 5 <, AIKED 5 LHTK
WD LD ZEED T ANBREEE D S L HME NS, 72, 25 B 5 28 H Z THORMIL, /v
MROMIEIC 5 ), MEI KB WU~V THERINTW 5, J1E A4 TEIIS L RENE
ROWEEE AL &, Fig 9ICREN 5 & 51, X EFEBICERICIGEL CREI ML Tw
3h%, Xk VmEOZ b BN, 9A 24 BOERHLBEROBIZIZ, B L CREn E—
TR ABREN TS, 272, B3 BLU0HIA AdITBYT, BATICTEREDWIIAKENH
ZAHBA E N T 525, ZHIRRIER BHENEL, REOBEBHDOE NI L ELDTH B,
Fig. 1041z, 9 H 23 HA*4 25 HicH» i CHlE 3 CHRUI N-TINKR, Miko Ca s HES
U HCO, EFENELER L. CadFR, HCO; FERwWINLARENRmE & bic
BALTwa, T Tz~ k 5, BKERHCIZMINTRIZE L L CHTAKRIC X » TS
T3¢, BERFECIREARBCPHIRH L CRF2E-> TINITHET 2Kk ), AKE
WK Tz, N6 BERTBESHT RIS TERWo T, &3 clRllE st i, mi
KOCERSBEDIZALT 5. RICIFITRL TWie\vags, Ca = HCO; EHFEMNIZAIZ, Na, Mg,
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Fig. 9. Precipitaion, water temperature, and hydrograph at the site A4, measured
during the period from 22 to 29 on September, 1993.
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Fig. 10. Hydrograph and changes in concentrations of Ca and HCO, in river
waters, measured at the site 3 during the period from 23 to 25 on September,
1993.

Cl, SO, nEHEXMELZ, LoL, INLD4RMTITITEA LB 7% <, B bIZ
IF—ENEERL 72,

L &) I RIRERIC & - TNz T 3 KOILERA D BEY R 50T, M ANL
FHA OB, ST KFEHEZ KD S Z 5 TE 5 (Pinder and Jones, 1969 ; Dincer et al.,
1970). HHFEHRIZEFOZR T2 HENLKTHY), TNEERAEHICEH LI L L, EHK
HMEHMTARREDHRHEZ ZNENQs, Qc &L, MINDFEREEZQET S ¥,

Q=05+ Q¢ (2)
&L B, 2, EHTAEHERSTICOWT, RERHET2KOBEL Cs, HTAKDEEZ C,,
MARDBELCET 5 &, ILFBSOWES 5

QC = QsCs + Q:Cs 3
D, INHORH LT ED
_ C—Gs
Qg - Cg —_ Cs Q (4)

EKE B,

b2y & LT HCO, % Fivy, Fig 101258 L 2 BB R & M F KRN E & RERIEE 2K
DIz, T KD HCO, BHRICIZMEIFALE 7 - 72 & ZD)KDMHE © 129.69 mg/l % V>, £H
WHIT BKIE, MEACRBICH M T 2BRELBR L RN LK TH ) BIRE £ ML k%
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BEAEEEhWEEZ, 20O HCO, B BIZAIKE AT s L& Bl ¢7H
BB RN 28.19mg/liIcFE L wELT, WREFHWT, T KREELFEL 2. iHEE
Rt Fig. 11IC/R L TH 5. BUTKRIZIATE ) thed 5 & BBUCHMT 55, ZDRDE(IZE
RHhTH), KENAE—IENORHEL LU MIBEI KL LBOBRELBERH T > T 5,
ZHICHL T, KERHKIIAELEERL, REOHICHRBEI DLW, BamsHC LR
HELS B UM THICBBCEREL TWwa, B5 <, TR, AKEFEEINTAHIKES
BARICHERNENE» TETWT, BAPGZN Y E-> TREICHTKE S TEL, FEH LR
DOHTFKED LR T 2728, FAIFHEDTHE & DENEDIKE - TUINT AL LHE
nTC, BEMAEIC T K EL BT 5%, MumisHe ¢ & RKBHKICRM S L THBARY»RE
FENBEND IO L), FEARBEVGRWMT 30 Bbis . Fig l0icAbn b ki,
9 A 29 HICIZBEMA %  MEDERLPICEEL TN, T KBHEENESCY L REI KT
B EETELTWS,
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Fig. 11. Groundwater runoff and surface runoff at the site 3, calculated by using
mass balance of HCO,. @ : total discharge, ®¢ : groundwater runoff, Qs :

surface runoff.



12 IR Wi B @bk R

KOACFERS e ERBIEL, FMINOILERRREEZ A2, £72, 9 AT, 1 o0/hiBicEE
L C 10 HE B8 % 17V, BERRICHNT 2 W1 0 FHEEE 2 J8 72, 2 0f55R, EBKERCIZR
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72, HCO; & H & % Ay T KT & Rm i # X4 L 72 #5R, T KT T 5 BRI OE
RIS EMT 50, ZNHROEITHENES»TH), MBI Rb-o B LBERPICEE
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