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INVESTIGATION OF GROUND WATER FLOW IN THE
KAMENOSE LANDSLIDE AREA

By Kazuo OKUNISHI

Synopsis

Ground water flow regime of the Kamenose landslide area in Osaka Prefecture was investigated
from 1964 to 1969 as a part of a synthetic research of the Kamenose landslide. The results of the
investigations of the ground water level and the geological structure suggested that the ground water
in this area can be treated as phreatic water. It was also confirmed by the result of the logging of
the ground water flow in the boreholes. The distribution of ground water storage can be given
from a contour map of the water table and a geological map showing the thickness of permeable
layer (mainly weathered andesite). The path of significant ground water flow was estimated
through the ground water tracing and the geochemical investigation of land waters. It was found
that the main ground water vein exists in the zone where the landslide motion was significant. The
result of the investigation of water balance in the watershed of a brook in the landslide area showed
that the net recharge of the ground water accounts for about 609 of the annual precipitation. The
discharge of the springs and the artificial drainage works, and the base flow of the brook in the
watershed are summed up and compared with the ground water recharge. It is shown that about
60% of ground water recharge flows away without appearing on the ground surface in this area.

It is generally said that the ground water. flow in landslide areas usually exists as ground water
veins in the underground channels. It is demonstrated that, in such a case, distribution of the
potential of ground water, direction of significant flow, and water balance of each part of the
watershed must firstly be investigated to know the fundamental network of the ground water flow,
and to know, then, its more detailed structure through further investigations.
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Fig. 1 A topographycal map of the Kamenose landslide area. The direction of the
main landslide flow in 1967 is shown with arrows.
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Fig. 2 Location of the hydrological stations cited in this paper.
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Fig. 3 A contour map of the water table in October 1969. The change of the
ground water level due to the pumping at the collector wells is shown
with small figures.
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Fig. 4 A cross section of the water table and the geological structures across the
line A-A in Fig. 3. The mark + indicates granite.

FELEDOLNTHEIDTH LY ¥, WX TZThIKELLZS30 (Fig. 4 O0LEM) TR TWARBEKE
BEUNCTAZHTHTREBRITEAATH S, I TWAEKEO Lo T /KkEREKOZLEED LT
WL EEMDD L. Fig. 4 0 GMUOBRITOWTIE HIBHBELOMRY, HTAKEOBEEY AHTH L,
RENDEMARL I TE s TVAFIRBETRAVDEELNTVAEA, T KEOREENLMIEL
> Twnh, )
ULOHRITEBRO SRTHSHORAEREENLL LHTAEEEOMH LML LM TE D, T
INETTIERNEZNI AL LEAETH S,

3. FU—Y—([C&BMTKEDEH

B39 S D Al FELHAFTTEZELRABEY = v L —F—& LTHK— 1) 7 7 3903, 3904, 3906,
3908 (T A L, BARHMRTHMOMTFKAELEBI LYY Z OREKSLERICE T AFENRS D,
ZO—BREKBICBHLTWEZ EBbdhoTco MRS EITIAIMIEFHRICL > C k<7,
n—gIvB, FIVYF=VIZLIHKEHMX EHEROM T KRBEOBEISE I Zbhic. ZhbOHRHAR
FPNTBALLGESZERTHATEDNMTAREME Fig. 5 Rt < LTRES Tk
2 Fig. 1 [GRINcttid~<0 i (FHEcRZoBEMoME oFmE XL ~H LT, KEXOMT
KFERBEF I N THEWY, HTFKEOE, HRORKR, &L UKESGR, BT FEOERMO S HITH
SHTFAKOFELTRE LT 5,

FLOBBHERLEBKOKERAES L URTIEICL 2RBOKBOBMMTAHFHEIZD LT THTRED
y b= RN EERLT S L Fig.6 0L 510k B. ZITRKWRAIZHBTAKEZ, HNREIZMHE
kEHbb L, HBELSR Fig. 5 0z hCHIET 5. BTHBRBLI I ICRENLEHRBIIKINKEE
PHELNBHRIT bRTHEV DR,



682 HARHKBIEFERE 145 B (. 46. 4)

A Mt. TOMESHO

4247
S
o Ti:EAM
4210 v : g\
L GROUND WATER
STREAM FROM UPSTREAM
5 /e X
%‘» .{3\ a.‘ﬁ. &
< 5 ®
Ugle) ;
;
3 >
E [
3 o 2
w _J L2
T 35mvd
—— A4
& ©
2 3
£
10
<
© N
o ?
2 ]
[
4 4
© ® ®
SHIMZUDANI  SPRING  -SPRING
STREAM
Fig. 5 The direction of ground water flow as Fig. 6 The flow regime of the surface water
obtained with tracer method. The (single arrows) and ground water
black circles indicate the injection (double arrows) in the downstream
points. . region of Shimizudani district.
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Fig. 7 The values of SO,~~/HCO;" in the land waters. Significant ground water
flow is found in the regions where the values are between 0.1 and 1.0.



684 RAM KHETFEHRE 14 5B (. 46. 4)

Table 2 Annual recharge and discharge of ground water in the catchmeut area
of Shimizudani brook in normal years,

Net recharge of ground water ... 303,000 m?
Ground water runoff to Shimizudani brook ...~ oovoiivieni 37,000 m?
Total discharge to the springs «.-...ovvovven 80,000 m3
Residual ground Water - ..o vooroiieeiniiiaee e 185,000 m?
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Table 1 Quality of landwaters in the Kamenose landslide area.

. N i _ - __ | soluble
Loestion | g | P | CT | gl | Gagi | G/ | ngy) | (mey | Gon Py
R 1 Jul 25°66(>9.0| 33.7 20,7 | 48 | 282 | 102.4
Feb. 7°67| 7.2| 9.3 | 26.0 | 27.5 | 4.9 | 30.0 | 112.2 19.9
May 19°67| 8.1| 250 | 20.6 | 28.9 | 54 | 33.2 | 107.4
R 2 Mar. 25°67 | 7.6 1.1 | 2.2 | 9.6 | 127 | 39.8 30.0
(upstream) | 1, 93967 | 7.1| 19.0 | 10.4 | 20.2 | 9.9 | 10.0 | 113.8
Mar. 11°69| 7.8 | 10.6 49.5% 1.6 | 34.1| 44.8
R 2 Jul. 15°65| 7.6 | 24.5 46* 13.4 | 56%*
(Stm‘;) Feb. 7°67| 7.4| 8.5 | 12.4 | 19.7 6.8 | 12.4 43.6 16.8
May 19°67 | 8.2| 20.0 | 18.3 | 226 | 7.2 | 9.8 | 745
R 3 Apr. 5°67| 7.0 9.4 | 285 | 9.8 | 188 | 108
R 4 May 18°67| 7.0 87 | 97| 54| 7.9 | 206
R 5 Aug. 26°69| 6.9 20.0 | 7.7 | 10.0 | 3.8 | 1.8 | 16.4| 19.0 | 25.8
R 6 Apr. 5°7| 7.0 156 | 24.1 | 6.0 | 115 6.4
May 19°67| 6.8| 150 | 24.1 | 19.7 | 5.0 | 10.4 8.0
R 7 Apr. 3°67| 7.0 69 | 61 | 43| 32| 102
R 8 Aug.26°69| 6.9 180 | 7.4 | 63 | 08 | 50 | 21| 83 | 3.2
R Aug. 26°69| 7.5| 186 | 9.4 | 81 | 1.7 | 52 | 331 16.2 | 548
SP1 Jul 15°65| 7.4| 16.5 50% 8.2 | 59w
Jul. 25°66| 7.2| 16.0 27.6 | 106 | 9.8 | 77.5
Feb. 7°67| 7.4| 16.0 | 7.8 | 27.1 | 121 | 87 | 69.9 8.3
Mar. 25 °67 | 7.4 89 | 3.0 | 109 | 9.7 | 63.3 30.8
Apr. 5°67| 7.3 9.0 | 341 | 9.2 | 98 | 50.7
May 9°67 84 | 272 | 11.0 | 82 | 653
May 19°67 | 7.3| 16.9 | 87 | 27.5 | 10.8 | 80 | 70.7
Jun. 8°67| 7.3| 16.5 | 88 | 29.8 | 9.7 | 85 | 75.8
Jun 23°67| 7.3| 17.2 | 10.5 | 27.7 | 9.9 | 8.6 | 79.9
Aug. 1867 88 | 3.0 | 87 | 81 | 8L3
Oct. 25°67| 7.4| 16.0 | 7.6 | 26.1 | 1.3 | 8.0 | 92.1
Jan. 10°68| 7.5| 145 | 7.9 | 29.2 | 1.1 | 82 | 9.2
Jul. 19°68| 7.1| 16.0 67.4
Mar. 11769 | 7.4| 14.9 57.5% 1.7 | 81.8| 353
Jul. 1269 9.8 | 27.8 | 105 | 7.8 | 63.2] 36.8 | 32.7
S P2 Jul. 25766 7.4| 16.3 2.0 | 87 | 130 | 589
Jul. 25766 7.4| 16.1 24.3 | 9.7 | 124 | 589
Feb. 7°67| 7.6| 15.5 | 10.1 | 229 | 9.0 | 10.9 | 51.9 21.5
Feb. 7°67| 7.7| 15.4 | 10.0 | 24.3 | 7.7 | 1.1 | 52.6 21.6
Mar. 2567 | 7.5 10.4 | 246 | 9.0 | 1.5 | 43.1 21.5
May 9’67 13.2 | 240 | 65 | 1.9 | 40.3
May 19°67 | 8.1| 15.8 | 10.4 | 22.8 | 9.1 | 9.3 | 80.3
Jun. 8°67| 7.7| 16.0 | 158 | 30.2 | 7.5 | 12.3 | 107.2
Jun. 23°67| 7.7| 15.7 | 13.9 | 23.5 | 86 | 10.5 | 98.3
Aug. 1867 131 | 275 | 86 | 9.4 | 100.9

— 10 —




B BOEM T~ VOB TKRICOLT 687

+ - it - _ __ | soluble
Location | Jiing | PH | OO | gl | g/ | g/ | gt | mglh | g | S8
Jan. 10°68| 8.0| 150 | 125 | 25.6 | 85 | 10.7 | 1046
Jul. 19°68| 8.1| 20.0 84.1
SP3 Mar. 2567 | 7.6 9.4 | 244 | 101 | 9.5 | 454 21.4
SP4 Mar. 29°67 | 7.4 1.8 | 31.6 | 14.0 | 141 | 8.7 37.2
Jun. 23°67| 7.3| 22.0 | 13.1 | 31.9 | 155 | 12.3 | 89.3
Oct. 25°67| 7.8| 16.7 | 9.4 | 28.2 | 7.5 | 86 | 1023
SP5 Mar. 29 °67 9.8 | 3.9 | 83 | 1.1 | 245 46.8
Apr. 3°67| 7.0 87 | 335 | 70 | 142 | 189
SW1 Jul. 25°66| 6.4 16.0 21.3 | 80 | 133 | 39.1
Apr. 5°7| 6.3 9.8 | 3.0 | 9.3 | 159 | 176
May 19°%7| 6.5| 22.5 | 11.0 | 19.2 | 9.4 | 128 | 211
Mar. 11°68| 6.0 | 11.4 42,5+ 13.7 | 23.0| 36.3
Jul. 19°68| 6.2| 17.0 20.7
SW2 Jul. 25°66| 7.4| 16.6 224 | 84 | 7.8 | 79.4
SW3 May 18°67| 5.0 40 | 07 | 12| 38 3.4
SW5 May 1867 | 5.7 6.6 | 3.8 | 3.4 | 48 5.7
SW6 Aug. 26°69| 6.2| 16.3 | 22.0 | 251 | 6.4 | 21.1 | 45.1| 46.8 | 32.7
SW7 Aug. 26°69| 6.4 | 20.2 | 37.7 | 25.4 | 47 | 234 | 3.8 50.1 | 27.6
SW8 Aug. 26°69| 6.6 | 17.7 | 26.5 | 22.8 | 7.5 | 3.8 | 36.3| 41.5 | 32.4
WA Jul. 15°65| 7.7 155++
Jul. 25°66| 8.6 | 15.4 2.7 | 1.1 | 64 | 1687
WB Jul. 15%65| 7.7 | 13.6 g2
Jul. 25°66| 7.4 135 | 3.2 | 48 | 69.5
Mar. 12°69| 7.8 | 10.8 27. 2% 31 | 748 248
wc Aug. 26°69| 7.0 70 | 100 | 1.8 | 64 | 40.9| 10.1 | 15.0
w1 Mar. 11°69| 7.8 | 14.8 48, 1% 7.5 | 128.0| 13.3
Aug. 26 °69 153 | 9.4 | 248 | 152 | 54 | 171.3| 6.5 | 59.6
w 2 Mar. 11°69| 8.0 | 15.9 49, 5% 9.9 | 90.3| 22.4
Mar, 11 °69 48, 9% 0.7 | 8.4 242
Mar. 11’69 50. 2% 10.3 | 931 221
Mar. 11 °69 50, 2% 13.3 | 1049 14.2
Aug. 26’69 6.7 | 9.1 | 2.6 | 1.2 | 9.9 | 72.9| 30.0 | 32.7
w 3 Mar. 12°69| 8.1 16.5 50, 8% 9.1 | 123.3| 21.8
Aug. 26°69| 7.6 | 17.9 | 10.1 | 315 | 1.7 | 8.8 | 123.6| 21.0 | 22.4
W 4 Mar. 10°69| 8.2| 9.0 54, 5% 16.7 | 41.5/| 38.4
W 5 Mar. 11°69| 8.1| 8.7 78. 4 1.2 | 126.7| 43.6
w7 Aug. 26°69| 7.7| 206 | 9.3 | 27.9 | 142 | 7.5 | 119.0| 27.1 | 20.1
w 8 Mar. 12°69| 8.1 15.2 52. 7% 7.1 | 110.2| 28.4
Aug. 26 °69 155 | 13.3 | 21.2 | 7.0 | 16.1 | 946 18.4 | 848
Aug. 2669 15.0 | 15.8 | 35.6 | 11.1 | 10.0 | 171.6 | 24.3 | 62.8
3704 Mar. 12769 | &2 | 11.2 50. 6* 1.0 | 49.6| 26.3
3902 Jul. 15°65| 7.8 | 14.7 53 5.7 | 182%
Jul. 25%6| 8.3 355 | 16.2 | 82 | 207.2

— 11 —
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+ "+ + _ _ __ | soluble
Locaiion | oiing | PH | T8 | men) | gl | e/ | g | amglh | oo B
3903 Jul. 15°65,>9 18.7 34* 8.8 S51**
3904 Jul. 15765 17.3 26* 7.1
Jul. 25’66 16.8
3905 Jul. 15°65 17.0 209% 7.8
Jul. 25°66| 8.9 | 17.7 23.5 4.3 20.6 129.0
3907 Jul. 25°66| 7.1 | 19.4 73.5 6.9 42. 4 225.2
May 1867 | 8.1 21.4
3908 Jul. 15’65 16.5 73* 13.9 154**
Jul. 25°66| 7.2 | 22.3 44.5 20.6 67.6 76. 4
3910 Jul. 15°65 18.6 41* 8.1
Jul. 25°66| 7.2 29.0 8.6 13.6 86.8
3911 Jul. 15765, 7.1 17.3 36* 6.0 166**
May 19767 | 6.6 | 17.0 12.5 18.9 7.4 4.0 110.0
3912 Jul. 15°65| 7.6 | 18.8 48% 10.7 81**
3914 Jul. 1565 7.0 | 19.1 42% 14.3 189%*
Jul. 25°66| 6.4 | 18.0 12.5 4.0 7.3 53.4
May 19767 | 6.7 | 20.5 18.3 26.0 10.2 5.3 106. 3
Oct. 2567 | 6.9, 17.8 19.0 35.8 12.2 9.6 122.5
Mar. 11°69 <7.0 | 15.5 58, 3* 12.0 31.7 | 74.6
3915 Jul. 15765 7.6 19.1 61* 6.4 178%*
Jul. 25766 7.4 | 18.5 29.9 19.2 11.7 181.8 |
May 19°67| 7.3 | 19.0 11.4 33.4 18.5 9.5 176.1
4001 Jul. 25°66| 57 19.1 9.5 | 170 | 19.0 | 217.1
4002 Jul. 15765 20% 12.1
Jul. 25°66; 7.6 | 20.8 53.5 .7 17.2 107.1
May 18767 | 8.6 21.2 41.9 7.2 14.6 121.5
4003 Jul. 25°66. 7.4 | 19.5 25.6 13.5 10.0 176.1
4004 . Jul. 15°65 23* 12.2
Jul. 25°66(>9.0 | 19.2 68.9 8.8 46.0 121.6
4006 Jul. 25°66| 7.1 | 17.2 33.6 13.1 12.7 96.7
‘' May 1967 | 7.1 19.0 19.1 28.1 1.1 10. 2 67.2
4007 Jul. 25°66| 6.6 | 20.3 30.2 1.1 10.7 96. 8
May 19°67| 6.9 | 18.0 10.6 28.5 10.5 13.5 33.9
4101 Jul. 25°66| 7.2 17.0 4.2 12.6 226. 4
4102 Jul. 25’66 6.4 | 17.4 26.9 11.0 21.6 176.8
4103 Jul. 25°66 >9.0 23.8 4.1 12.0 166. 3
4105 Jul. 25%66| 7.6 | 17.8 43.7 17.5 27.8 186.1
4106 Jul. 25766 | 7.4 | 18.5 48.2 15.7 49.0 230.1
4107 Mar. 11°69(>9.8 | 15.4
4108 Jul. 2566 (>9.2 | 19.0 312.4 15.3 | 251.6 971.5
May 18767 | 8.8 20.8 33.1 8.5 46.5 101. 2
4110 Jul. 25°66| 9.2 | 19.4 39.9 4.9 18.7 195.4
May 18°67 [>9.8 34.8 38.8 2.2 8.6 193.3
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689

I N t o _ _ _ | soluble
Location | D85 | o8 | G2 | (mgin | (mgsh | (melh | g/ | (nglh | ) | iy
4202 Aug. 26769 &) 159 | 207 | 303 | 49 | 149 6.3| 68.5 | 26.4
4215 Aug. 26°69| 6.7| 18.3 | 10.2 | 4.8 | 1.4 | 120 0o | 1.7 | 165
4238 Oct. 25°67| 7.7| 16.7 | 39.3 | 88.2 | 4.8 | 25.5 | 106.0
4239 Oct. 2567| 7.7| 18.5 | 16.5 | 60.2 | 13.0 | 18.3 | 137.3
4240 Oct. 25°67| 8.6| 228 | 269 | 25.8 | 81 | 10.5 | 186.3
4241 Oct. 25°67| 8.6 20. 3 45. 2 12.8 1.7 9.2 155.4
4242 Oct. 25'67| 8.7 15.6 | 39.3 | 17.0 | 2.8 | 17.9 | 116.4
4243 Oct. 2567, 9.8| 16.6 | 43.0 | 9.9 | 0.6 | 10.7 | 119.4
4244 Oct. 25°67| 8.0| 16.5 [123.9 | 22.4 | 6.8 | 60.0 | 291.2
4301 Aug. 26°69| %5 168 | 610 | 186 | 23 | 17.9 | 7.9 4.3 | 628
4302 Aug. 26°69| 8 18.0 | 40.0 | 255 | 0.9 | 25.0 | 549 68.0 | 40.1
4303 Aug. 26°69| 6.8 20.0 | 84 | 3.4 | 10.8 | 13.3 | 140.8 | 19.6 | 36.8
4304 Aug. 26°69| 7.3| 17.9 | 65.0 | 18.4 | 56 | 26.4 | 176.2| 32.7 | 37.8
4305 Aug. 26°69| 6.7| 19.8 | 161 | 18.6 | 50 | 225 | 9.3 | 16.4 | 5.4
4307 Aug. 26769 7.1| 17.6 | 15.3 | 155 | 4.3 | 3.8 | 1163 50 | 8.2
4208 Aug. 26°69| 7.3| 17.5 | 319 | 130 | 3.0 | 114 | 122.2| 6.7 | 28.7
4401 Aug. 26°69| 6.9| 16.2 | 520 | 13.0 | 3.8 | 80 | 168.4| 228 | 28.1
TSs1 Aug. 26°69| 7.0| 17.0 | 8.6 | 184 | 146 | 48 | 138.3| 4.2 | 740
TS2 Mar. 20°69| 7.6 | 17.5 62. 2+ 45 | 207.5| 4.0
May 27’69 0.9 | 2.1 | 155 | 4.3 | 184.4| 51 | 72.6
Jul. 1269 0.6 | 25.6 | 16.2 | 44 | 1841| 59 | 73.0
Aug. 26°69| 7.1 17.8 | 10.8 | 26.1 | 157 | 4.4 | 184.0| 7.3 | 70.4
TS3 Aug. 26°69| 7.3| 17.6 | 13.3 | 27.6 | 127 | 6.9 | 18L.5| 3.1 | 59.6
T 1 Aug. 26°69| 6.9| 17.1 | 88 | 25.4 | 1.1 | 9.2 | 743| 268 | 33.2
T 2 Aug. 26°69| 6.8| 17.0 | 9.9 | 322 | 10.2 | 9.5 | 114.6| 16.7 | 38.0
T 3 Mar. 10°69| 8.1| 16.5 45. 6% 9.1 | 109.2| 23.0
T 4 Mar. 10°69| 8.1 16.1 36, 2% 6.7 | 80.0| 24.5
T 5 Mar. 10°69| 8.0 | 15.4 40.3* 7.1 | 9.9| 215
T 6 Mar. 10°69| 8.0 | 15.9 44, 0% 7.5 | 107.2| 20.8

* Ca+++Mg++ as Ca++
** M alkalinity as HCO,~
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