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INVESTIGATION ON THE DISCHARGE AND THE CHEMICAL
COMPOSITION OF GROUND WATER IN THE
KUSHIBAYASHI LANDSLIDE AREA

By Rywuma YosHiokA, Atsuo TAKEUCHI and K 0kicki KAMIVAMA

Synopsis

The variation with time in the concentrations of dissolved chemical species and the discharge
of ground waters in the Kushibayashi area, Shiga Prefecture were investigated from Oct. 1972 to
Nov. 1973 in order to obtain the basic data for estimate of the amounts of clay minerals produced by
weathering processes through the chemical compositions of ground waters in this area.

The authors have examined the relationships among the chemical species contents of the waters,
and between the chemical species contents and discharge of the waters. And the following have been
attained: (1) A clear negative relationship is observed between sulfate and bicarbonate contents in
the waters drainaged from the layer about 5 m depth under ground surface, (2) a good correlation
is observed between discharge and bicarbonate and sodjum contents, respectively, and (3) the trans-
ported amount of bicarbonate ions increases with an increase in discharge but suddenly the increasing
rate of transported amount changes after a definite discharge and the slpoe in the graph trends to
become steep in the order 1 m, 5 m, and 10 m depths under ground surface.

A hypothesis on the mechanism of this phenomenon is also presented.
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Fig. 1 Map of sampling points in the Kushibayashi landslide area.
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Table 1 Chemical compositions of natural waters in the Kushibayashi landslide area
(date of sampling: April, 24, 1973).

unit ’ mg/l | °C
— e e ————— HCO3~/ SO42-
'Na+’ K+ | Mg2|Ca2r | cCI }Hcoa— SO2- SiOg‘ pH ‘WT
1 [13.4| 4.5| 6.6 |42.1|16.3 | 119.5|47.3 | 14.91 6.6 | 19.0 2.5
2 [10.2| 5.0 5.1{30.4| 7.4|123.027.2|15.9| 6.6 24.2 4.5
3 |24.2| 7.4]10.6 | 68.1|31.4| 93.7|34.2|12.3| 6.4 |14.9 2.7
5 [12.0| 3.3| 5.9|14.9|15.9| 26.132.9|10.5| 58 11.5 0.79
6 [10.6 | 3.3 | 4.2 |17.8|13.6| 19.5|32.0 | 13.1| 6.8 |17.8 0.61
7 [10.4| 2.4 | 4.3|20.8|16.0| 61.2 | 27.5|10.3| 6.0 | 14.4 2.2
8 | 79| 1.6 2.7| 82| 9.1} 11.6|27.8|11.8| 5.6 |15.9 0.42
114 | 6.8| 1.1 | 4.2| 80| 2.5| 59.3|21.9| 7.5| 6.2 |15.5 2.7
L, | 18 | 6.8] 09| 3.6| 91| 7.2| 30.1|22.2|16.2{ 6.015.9 1.4
@119 | 42| 0.8| 2.1 | 6.5| 3.2| 8.4 |27.6|11.3| 55/ 12.9 0.30
; 20 | 1.3 5.0| 0.5 4.5| 2.9| 13.6 |30.4| 6.9| 6.1]15.9 0.45
21 | 3.8| 0.9| 1.5 4.3| 1.9| 18.1|26.8|157| 6.9 |13.9 0.68
22 | 31| 0.8 1.9| 4.9 1.6 | 19.4 | 29.4| 8.7 | 5.8 |16.8 0. 66
23 | 3.1| 0.5| 1.8| 4.8 1.4 | 18.7 | 27.5| 8.3 | 5.7]12.8 0.68
| 24 | 43| 0.9| 0.6 | 1.9 3.4 7.7!1257|19.1| 6.0 14.8 0.30
25 | 8.4| 3.9| 2.8|11.9| 4.4 | 51.0|25.7|13.4| 5.9 13.0 2.0
Cave | 8.2 | 2.6 3.7!16.1 8.6 | 42.6 29.1|12.2| 6.1 1.5
Cmin | 1.3] 0.5! 0.5 1.9 1L.4| 7.7|2L.9| 6.9
‘Cmaxi24.2 7.4 10.6’68.1 31.4 | 123.0 | 47.3 | 19.1
4 |21.4| 6.3]11.7|57.5|38.8| 80.4|34.8|16.2| 5.8|13.2 2.3
9 | 89| 1.7| 4.9)12.9| 8.6 56.5|22.9|20.6| 59|13.6 2.5
‘10 | 9.2 1.6 7.1|18.0|11.3| 83.2|22.4|26.6| 6.3]13.0 3.7
15 | 9.2| 1.0 2.6 | 6.8 7.2 | 25.7|25.4|14.6| 5.9 17.2 1.0
g | 16 [11.4| 2.1 | 5.4|23.6|15.1| 66.9|26.0|21.0| 6.9 13.1 2.6
€| 17 | 7.3] 09| 1.7| 8.2 6.2| 21.5|26.0|13.1| 6.1]15.9 0.80
£12 | 76| 1.1| 2.0| 7.0| 2.8 | 41.8|21.5|30.2| 6.3 |14.8 1.9
=27 | 97| 1.4 3.4 12.1| 89| 59.9 | 21.5|41.0| 6.2 |15.8 2.8
Cave | 10.6 | 2.0 | 4.9 |18.3|12.4 | 54.5|25.1|22.9| 6.2 2.2
Cmin | 7.3| 0.9| 1.7 | 6.8 2.8| 21.5|21.5]13.1
(Cmax | 21.4 | 6.3 11.7 | 57.5 | 38.8 | 80.4 | 34.8 | 41.0
11 | 9.4 09| 25| 59| 76| 185272146 7.0]18.5| 0.68
12 | 6.8] 09| 1.4| 4.0| 6.1 | 10.8 [27.2|11.4| 6.8 19.8 | 0.40
g 13 | 3.5( 0.6 0.6 2.8| 3.7| 83247119 7.1 18,1 0.34
L
g |Cave | 6.6 | 0.8 1.5! 4.2 | 5.8| 12.5|26.4|12.6| 7.0 0.47
Cmin | 3.5| 0.6 0.6 2.8 7| 8.3124.7|11.4
Cmax| 9.4 0.9 2. 5.9 18.5 | 27.2 | 14.6
HCO3[SO42~......... wt. ratio.
WT i temperature of water.
Cave.ooverrneiiinninnn, average value of composition.

minimum value of composition.
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Tabl 1 [C—HFEEOHFHREERT. BI~DHO LB TOBEFEERFSBRIRESENE % R
LT3 T Ebhde FHAK BK - BEKIKDKER %S 7D Fig. 2 TUHEBEFRTRRLTH %,
B 4 v TRABRSREICED LTS, B4 Y TREKD T Y F 8K E (HKALKTIZ HCOs™ &3
1312 40~60%, S042- 23I1FIX 20~40% DFIFICH 5, RIKIIMOERICET - TV E, KEIEBHR Ca
(HCO3)e #& CaSOq BT T L EMNTE %,

o Spring
e Borehole
A Stream

Fig. 2 Key diagram of major ionics constituents in natural waters in the Kushibayashi landslide area.

I L EREIERE D S LT K BKIE S04~ 2RI, HCOs ABRASWEERTEAMNS S,
% - TP D HCO3~/SO2- 5k & WIZEBRED K TH B &2 %, Tablel 15, FifiZkd HCO37[SO42
(FEH) 120.34~0.68(FEH0.4), k0. 30~4.5(F191.5), HEAkFLAKO.8~3.7(F#2.2) &b, HCOs/
SO42~ OIGE TIZHEKFLK > K> R KDIICIE D EBOBITHIT > T B LWV B,

KA, 6,8,19, 20, 21, 22, 23, 24 & HEAFL15, 171303 & HCOs/SO42- (EEH) N1 TERETEL
5, ChoDHATOKIBONFHLOHEBLTETNSEbDEEZ SND. HEKFY, 10,16 ® HCOz7[SO42
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BEHOEZERT D SiO: EBIEFIROEME L VIRE S, BBOPKAT26,27L DRI OT hREED #HT
KEHEHR LTS D EEDN 3, HEATL26, 2717 HCO3/S042- & SiO: S8BT hERSNCTEM SN
BHEOFLSHER LT 38D EEZ 5N 5,

BAA 3, PkIL4 TR C- 28 31.4~388 mg/l LIEFICENMEERL TS, o Cl- oA E
LT, RO HCO57/SO2~ $32.3~2.7 THLLEMOLBDEOFHIPLBRLTETN360LEI SN
B, —F SiOz EH512.3~163 mg/l L/NSNT EhS, BHERVKTABNBEREZELYRIZI TS
bDEBDN G, FELUMT~OMOREEANCKRENSDS L D TKEIIT~o o CHEMZILICH - T
BINTOT, COTKEL»SDORKMND S EMSHRINZOKITEKEL?2, 3, BIXUHKA4IKKHLT
N3,

3.2 FEHBACKIBFPEIBEORKMER

kA D-1, W-1 W-2 o 1 8REQBIMED A SESlio X8 % Figs. 3,4,5 TR L/, Fig.3 @ D-1
(St. 17) (ZHIETFT 1~2 m LOFH» LKL TV o BEBUM TN O MIBEBHHICE > TEY, EBFIOKR
DB END, WEIZIMEAL4H LS Aiczh£h 24 min, 11 I/min &R EEERLTO S, o Hid
%5 3 lmin BET—EDEER LTV B, BEIFERSO HCOs™, SO42-, Si0: 8O A JIES I K& <,
HCOj3-, Si0 2 IBIZR L/ ¢4 — v ARLTO B85, SO BIhdERFD/E—viRT, THbhb, K
BOBEXERTR L7 4 Bic HCO3750.4 mg/l, SiOs 18.5 mgfl & B/MEERL, SO042- {320 Wi 23.7 mg/l

ERAEERLTO S, C SBI37 A5 50 .

IHIL, Ca® GEIMME DA LIUDD sor  , i D7

MR LoD H B, Mg, Nat OEBIZE A FRNE

EBLNB, I C SRORMITHING 7 AR S °HCOy
FO# D TR~ T KB 5D RADHARLAIK 7ol W i, e
WALz LItk BEHEE SN B, D-1(St. 17) oo bed = S0
CBEH LT 2 ki St 10,9 s B A6 78 5 1 ic ¢ =

& Na

50m oRIEFONLHEASKILTHSYD, o
RIRITKBOTICHGLEESBDTH %,
Fig.4 o W-1 (St. 26) [3HE T 4~5m 1D
i oKL T 3, ZOHEIT 4 HiT 39 /min
5RIC 31 Ymin & D-1 Effc e — 7 MIHBELT
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Discharge (i/min)
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O

N7z,
Fig. 5 @ W-2(St. 27) 3 1% T 10 m [FOF Fig. 3 Variation ot.' ground waters and variation
- \ . . of the chemical composition concentration
MHHHEKL TV, HWEIRH 30 /min & 31F— of the dissolved salts a function of time.
ETHBICbphboT, HCO:m DEE IR Each point is monthly average, D-1.



284 SORBSS T RBTERE1TE B (149, 4

Low=2
60" i
Y
v ~
¥ R R c*“HCO_;‘
" . -S04
) W—1 >-¢  Po-CI”
°r o sAA P =50} ~— S0,
P v |‘ N .‘Mng
o : E 0--HCO; =) o Ca
. o—-50%" E s--Na*
¥ —CI” »
L Lo c . /
40| 1 (,P ' —-Si0s S ’v,.f“\ > ,
'S - — Mg*t ‘—aob / - /
E / A——CQ:+ g e \
o e d &N .
E |- ’\ / ¢ & Vv
301 / =4
: c
S A / S
5 SV Q30+
g
€ =1
o M—A—NA/A
S '
O A : ) = g
1of
= O‘ M T 1l
o . . , g 0T T
- <
z =40
£ 40 [} W
~ o
1 -
) o]
& =
g 5
8 ot T s 0T 1 T T
& ocT72  FEBT3 JUN ocT. OoCT'72 FEB73 JUN oCT.
Fig. 4 Same as Fig. 3, W-1. Fig. 5 Same as Fig. 3, W-2.

LD OEEE & SICBP LT3, CoOBRIBREDCHABTH %, SiO:2 35H] 37.5 mg/l 519734
1HO 422 mg/l 3 CHIRIERE & icEmML, 48, 5 AKETELT a08ehllk8 AD 35.2 mg/l L3R
BFBETIRIZEAEE S, HCOsm, Si0: PIADEARIBEAEEHL THII,

Table 2 Coefficient of correlation between discharge and dissolved salts of
ground waters, but except abnormal discharge.

‘ D-1 w-2 | w-2

' N r S N T S N r S
Nat ‘ 45 —0.65 ® . 40 —0.68 ® | 43 0.87 @
Mg | # 051 ® | # —0.17 x 7 035 O
Ca?* . #» —0.44 ® ' # —0.26 X #  0.05 X
c- , # =014 x  # —0.36 O v 0.42 ®

I

HCOa—‘ 7 =071 ® 7 —0.7 ® 7 —0.46 ®
SO~ # 0.47 ® ' 39 0.52 ® ” 0.17 x
S$i0e | # —0.70 @ | 40 -0.72 ® | # —0.04 X

N: Number of analyses, r: Coefficient of correlation
S: Significance (®:99%, O:95%, X :none)
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Table 3 Coefficient of correlation between HCOg~ and other dissolved salts
of ground waters, but except abnormal discharge.

D-1 W-1 W-2

N r S N r S N r S
Nat 47 0.64 ® 42 0.86 ® 43 —0.30 O
Mg2+ ” 0.68 ® ” 0.48 ® ” 0.38 O
Ca2+ ” 0.69 ® ” 0.01 x r —=0.32 O
Cl- ” 0.01 x ” 0.30 x 7 —0.68 ®
SO42- 7 —0.59 ® 41 —-0.60 ® 7 —0.05 X
SiOg ” 0.82 ® 42 0.89 ® ” 0.06 X

N: Number of analyses, r:Coefficient of correlation
S: Significance (®: 99%, O: 95%, X :none)

3.3 BFE(LPHSLMEEORBR

Table 2 (R B & ISR (LFRAIE & DHEBIRMETRT

JEFICiIo~BE

D-1: HCO3™, SiO>Nat>Mg?+> 50,42~ > Ca?t

W-1: HCO3~>8Si02>Nat> 5042~
W-2: Nat>HCO3~>Cl-

&135%, D-1,W-1, W-2 0LFHDEAICE HCOs, Nat BHEEDHEBRENEVZ 3,

HCOs~ & flinpksy & D1EEFE % Table 3 i
RY CEEED. BfboB% LD 2 5 HCOs &
Ca¥* LU Si0: & DEiFZ#% Figs. 6,7 [TRT,
JERRE 1 % THEBREDEORD > BIE I 1T B
&

D-1: SiOz>Ca2t, Mg2+> Nat>S042-

W-1: SiOp>Nat:>S042-> Mg+
&3, W-2 T3 C- oA HENH 5.

Table 4 |z D-1, W-1, W-2 OIAE (L2 RSO
B/ME, BAME, FHE EREEELERSO
MM EEBOKRNERT EEZ 5N 5 E 8 HH

20, VV‘7;E
[ ) " o
1
% 50
= . W1
> ’T e
E o : o
~ Yo 50
k1
o
[8) . _
20 £ D-1
%5 50 o0
HCO:(mg/1)

Fig. 6 Plots of Ca2* content against HCO3z~
content of ground waters.
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Fig. 7 Plots of SiOg content against HCO3~

content of ground waters.
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Table 4 Statistical characteristics of dissolved salts of ground waters in the
Kushibayashi landslide area.

“ StIz\}t;on \ Mean ’ Max. \ Min. o ‘a/Mean
‘ D1 74.2 | 88.2 - 544 | 7.40 | 0.100
HCO3~ ‘ Wl | 46.7 | 54.1 34.3  3.81 ' 0.081
w2 58.2 | 64.0 | 48.5 i 4.25 | 0.073
D1 | 156 | 33. 9.1  4.96  0.318
SO ‘ W-1 ‘ 11. ‘ 2.0 | 2.19 | 0.497
W2 8.9 | 1.2 | 3.2 | L5l | 0.169
—_— l —— s e z — ! -
D1 | 25.9 ] 34.4 ° 18.1 | 3.001 | 0.116
SiOg w2 | 33.1 l 40.6 | 16.7 | 4.22 | 0.127
W-l | 41.0 | 44.6 | 25.8 | 3.09 | 0.075
D1 | 103 | 19.2 | 6.2 | 271 | 0.263
Cl- W-1 3.1 | 4.1 ‘ 2.4 | 0.30 | 0.096
W2 9.3 | 11.4 } 6.5 | 0.85 | 0.091
D-1 17.3 i 21.2 | 14.3 | 1.53 | 0.088
Caz+ W-1 70 | 9.4 ' 59 | 069 | 0.097
w2 | 120 ' 139 113 0.52 | 0.043
D1 | 64| 7.7 | 50 | 0.62 | 0.0%
Mg2+ W-1 2.3 | 4.0 | 1.5 | 0.61 | 0.265
W2 44 ! 6.3 ! 3.3 | 0.63 ‘ 0.143
D1 | 92 ! 105 " 8.5 | 0.47 | 0.051
. , |
Na+ W2 1 80 100 | 51 0.70 . 0.087
w1 | e | 102 | 9.2 | 0.22 | 0.0z
' D1 | 2.8 5 | 0.9 1 1.51 | 0.5%
q 1 W-1 ‘ ‘ 12.0 ‘ 3.3 ‘ 1.68 | 0.203
w2 | 30.9 | 342 | 25.2 | 2.47 | 0.080
HCO3-, 5042“ SiQg, Cl,~ Ca,2t Mg?+, Mg2+ Nat...... mg/l
qa discharge 1/min
c Standard deviation
o/Mean ... Coefficient of variation
Number of samples ... D-1...47
...... W-1...42
...... W-2...43

(BHERZE/FHE) 2R L. ZHOBRSOEBHFRBOKE X DIEIT,
D-1: (JiE>) SO >Cl->8i0s>HCOg~, Mg?+>Ca?+>Na+
W-1: SO42>Mg2+> (JiE>) SiOy>Cl, Ca?+>Na*>HCO5~
W-2: SOg2->Mg2+>Cl-> (8 >) SiOs>HCOg~>Ca2+>Na*
L1320, SOL~ DHXMEEBIRAE , Nat, Ca2r /I Edsbi»bo
RBOTHEKEZBRADFNLE AL 2L, D1 TREEBNOTHLORS LD SHFSHEHIIAEL, W1
Tid SO0.2, M2+ BHBL AR, T/ W-2 Tt SO42, Mg?, CI- BREX D S RENT LMD D,

— 8 —
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D& ICHMICECF» SHH L TL 3Kk H 2BOBEERFOEHFHSHEBEO TN LD KENE
WH LR, BERFOEHOTRERBERICOAEET Z2OTIRNEL, HIBOMERBICEEDTH
BT EABRLTOEEEDLN S, #l2id SO2 OBARRM T COREEILKEND 5 HHiICEN & #HD
DIETLTNEHDEEZ 15, :

WEEBHEBEOED - 7- HCOy- O#%E (BEX 71 D-1
HE) LHELOBEEA-OM Fig. 8 THb, #H1E
T 1m froEOFd» SHA LT % D-1 TRIRESK 057
10 Ymin P FOBAicKBEOHEME & bic HCOs~ O®
ZBIRMT 2%, ¥ 10 Umin P EOEHACRE LT % 1o 2 3 40 50
DORARBRBITNE {185,

COBRROHBHED 1 ELTRDCEBEZ S b, B 3
FROBMIRBKEOHINE T, FEHH101/min
UF TR0 HEEELPEI RO TRESI THEAE
B0, KOBAKEY D OEA - 13 & OEMER b
K&, 10 Ymin Pl bicis 3 & L ERE SR & 11
N, Fhick » THER FROBMA F oIt S
oKDY A B (LR K& <D, BArK 5:9 g-o T T s T T 1m0
BN L ORBKEAEA - 3L OBEMERE I AR ICH
HLTL 3B ICHERTOMERIE bHD LT 5T w2 :

5%, bLZOEZEZMBELWETERLIE, KEM M
10 I/min DI T OB AT B FRME T HCOs~ BE 14
EHRBEDNF v Z2HH FE L ENT HCO3- DRI
FBE : bICHIT 225 %0 10 Ymin BLE 10755 &3 o
BoBmo®lnic HCOs~ BEHIFIT—E (20 mg/l) & 73 ) i

Discharge {1/min.)
D, MEBOBEICBREALRBMICIE ST 2, & Fig. 8 Plots of transported amount of HCO3~
BURBSEOT NEA R EEL VBTN T against discharge of ground waters.
FHIRTRETLIBNEZOMRBRIIEL L, HEdmic
k& DEMERIIBMUAERS S T NI 2 TH 5,

HETF S5m okEHEHL TS W-1 TREEN 20 Jmin OFFTEBISTN, FHANBOARIE D1 ic
CHENTREV, Chid W1 B0 HBEORFRBBEEDDITNERBDT, 2hiZdke OEME
BBKE LY, FBKRBRBELELLUTL 3% CHEE - BERE {8579z HCOs™ #E (4 30 mg/1)
DFREIC SRTHMHICKE L LD THHHo TOTEIRMET 10m HLoHEAKLTHSE W2 E< 5
~NBE—TEHBTH 5,

4. & £

PIEORESR EERICEDRDEHE SHITHE - 1o

1) MPEEMXDOKEIZ Ca(HCOg)2, CaS04 DK TH 50

2) YFEHMXOMWT K E@K (St 5,6, 8, 15,17, 19, 20, 21, 22, 23, 24), rhigf@sk (St. 9, 10, 16) &
Bk (St. 26,27) D 3BT E B,

3) D-1, W-1 it Tt HCOs-, SiOz, SO2~ OEED AMEEII AKX {, B IE— 2 —v4RT
B, BEBRFD0E -V ERT, REEDBERKIZ D1 TR ELOBERSOBBMERIZV, W1 Tt
BERSOFDEENRIE<K 2 H ABOKMHEEL TESMEICS & 3,

— 9 —
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4) W2 REBEE ST DROALVLOIC HCOs, Si0: I ERARHOZEE BB L T 2,

5) D-1, W-1, W-2 WFhicB\Td HCOs~, Nat I3 E E DMEEBEMELSE .

8) HBOLHRKE SRRSO ZENEA S EMIITECTD SHER SN 2 KIZE D B4 (S04, Mg2H)
OEBMEBIRBOZNEOKRE 185,

7) REBEEOHEEEDORHRD HCOs- DMXBEFRIOEZES S L, HEEBABICLTZOESAR
RAENT 22 Ebd 7t €U TTDEADORT RENKIZENS KL BEAICH 5. COBFEH 1D
DOIRFE LTERSBEKESE LIERE L OBFRTHIB L.

AHOMEL LT, YT~ MO TEERBEHEET 2 & & bic, HERHOIEN, X8,
RERSHT, 14 vXBRE, BHERNEDOF—F LB UEEEOZ UM ARET 2. /o=y bA
Fu 275 7 2R LIRE & BE(LERS ORRENEE, X OBHIUERSBOEST~ 0 LEgHE L
DEHBEFRICH 0B EOMBEEHOLICT 2TFETH b0 LBEALEHBARETRTHEE DT W2
itk 5 HCO3™, Si0: DFHENHDETAY Sic Uicle

BHIC, COMEEFTT 31CH 7 DREBIIEE S MBORE B b - 7o BB REKENEREFRIL T RES
125 IR R A ABRIC VERE R 2B EER LT T, TAUMTRDBTORE - EICHZ-T
RAREFREBFEBCNANA LHIEEZB O - AT LBEELRLE T,

2 £ X #

D HMEE - RESHRE : KED S ABORMT ~ D HEOM T4 EROME, FREMAEM KPR
FH, $155 B, K47, pp. 171-182.

2) WRE— - SR - TREEE - BRHT < DIONT, FEAESEHAFER, $125 B, M4,
pp- 25-45.

3) YMAEH - BER BT OICET 2D T AHIC OO T—ZDEHKRE—, T AT
FréE#, %165 B, BE48, pp. 151-176.

4) BER - TNEE : EAMT ~DHICE T 2 20T HICONT, FTEHARENKMTAER, #1558,
ig47, pp. 209-218.



