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A LARGE-SCALE LANDSLIDE AT SHIGETO,
KOCHI PREFECTURE

—Part 2. EFFECT OF GROUNDWATER ON THE LANDSLIDE—

By Kazuo OKUNISHI and Akira NAKAGAWA

Synopsis

Hydrological properties of the groundwater system which might have affected the occur-
rence of the large scale landslide near the Shigeto Station on the Dosan Line of the Japanese
National Railways on July 5, 1972 was investigated thrcugh the continuous observation of
the groundwater level and the discharge of a spring. The observation was started in
November 1973 and continued until December 1976 although some interruption was involved.
On this basis, it is revealed that unconfined groundwater occurs in fractured rock at the
gentle ridge-type slope behind the landslide area. 1t stands to reason that a part of this
groundwater was led to the spring in the landslide area through a permeable channel formed
by the fracturing of rocks in the fault plane which crosses the area in question.

Simulation of the groundwater system is carried out using a tank model based on this
interpretation and is verified by comparing the result with the observed values. It then
yieds the estimation of the hydrograph of the spring at the time of the occurrence of the
landslide. 1t is concluded that the rainfall on July 5, 1972 whose duration was of the same
order of magnitude with the time constant of the recharge of the groundwater system was,
unfortunately, effective as a trigger for landslide though the total amount of rainfall was not
so great as to be called “record-breaking”.
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Fig. 2. Daily variation in the groundwater level and the discharge during
the main part of the observation period (1973-1975).
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Fig. 5. Response of the groundwater
level and the discharge at SP
(An example for a heavy rain-
gall of shorter duration after
several dry days)
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Fig. 6. Response of the groundwater level and the discharge at SP (An
example for a light rainfall after wet days).
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Fig. 7. Response of the groundwater level and the discharge at SP and BH-4
(Effect of extraordinary rainfall of the depth of 1,228mm).

DVTi}, WASIUERKORANEIEL SNE, Lipl, SP ko0 Tid, ARISBEHTHBIHEHT
DT, BRNTNTEERBENLZEELITCE, FKOAEPEZEZME GmxX10m) k)b KkEBEE
&bz L, BH-4 g 2O TREFADBARELHOOT, BEO—ENIIHTKOBAGEIL bhb,
WFMIE LTS, ZOLIREN/OES 10m EFOMNERECHT ZHEBRINIVTHELIL, EA T
ZHTFAREDBEFROEZENTREVOT, UTORRTRINEERLTEILOPZBRNEEI SN
%o

BLORSERSIDOTIE, EEERICT NI, BV-6 okfrs SP 1 BH-4 OfiBOMTE
OO TLB->TNWB T ENEEINE, 51 bLLRE L, BEMKEOHH BV-6—-SP-BH-4 0JEIz
TBEIIC > TN B T ERENY, CHARMTAROBREIZ DL SBIER L >TVWEZEERRLTNS,
UL l, HREELEEETEE, ROISKELZOBRETHS, $18bb, BV-6 M0 RBRRAEFE
IR INTOBRERTKIZ, ROHEY Ok 5 KHBENKH S F + ¥ 2 VROKEELPTOESS
%58 UTEK SP ICEHUHN T E, Ui L 2 OREHTFKIZERIC RS OmH OB O LitRoHKEE
EPABLTNEEEZ ENETHE, CHIERIERY @ Fig.9 K RoN23k9, BHRKBOEROHTK
S LM >TWVBEIY), HTKRRRRHNTHEZEMD, TTRODLENCETHS, BH4 Bk
CZDMOHKE~ ) VI B EDKIEONTIE, 2RSS Wz BREON S D ESH, SHEHENTNS

.._7__



230 HABKREER H205B-1 (K 52 4)

R = P/y TEEELBE, BV-6 NEDREMTAPZ OfOMTRHE
BEbAIEH U, B AEO TE2E > TRANOFARAKT L
TOBHTFAE, KANED D LEOEETHEL, hRIcHE
VWb EMERING,

6. YUVETFTNCKBMTKROLZIab—
av
X3 ERR DT KFR ORI AR & B IS T BT KOS
BOE RS fEICE UTRMNTS 255, FEWSMEICON
THREMTH 2 UEDH 2. 2 2 TLEDOHTRERDERE
Z Vo EFATEERL, Fhick > THEINZKAPHBESE
AMEE—BT B L HICEDI /ST # — % — BATHIEEHE > T
VABEIDEF LT vy Lic, ZDLHUEHT D BETROTHE
AR -7 DI, WTAEEENCHHTZEELTRYIEIIC
12, WEOYHEOSHPERFFICHETIHERIRELTED
H Flollchio TEREREFVEESITLTE/ 25 A~ 2 —DfE
2 IB(B B, BETF—2IChESOTEDS L EMTERNEBTH S,
. ZDESREHR T * — 2 —2RTHBHICELONEE Y
Fig. 8. Tank model for the _
simulation of the EFABBELTO S,
groundwater system. 2V rEFNE L TR EROERES Sic Bk LT, Fig.8
DEHILF EDl, CCTTFDL2 Y2 RBHEDOL v 7 EFER
20, £ RENELOTRILS, BV-6 QEDHTAEEE2H 50T . £ V7 HOKMIZZDE % BV-6
MEOHTFAIZIET 20 F¥a % HO0RHORBEBOBMOFEKE & HA SP ~OfiliEbH5H7
ZOFEHALS>DORED S EO—ELHADEI SP OHBICHISTE250DET 5, HM S 2R OHHD
RERBEDPAOWILES DL, PR ZOHERO—FLHADESH BH-4 OFRICHET 260873,
SP % BH-4 ~jgh 3 i FARBEMES  WorEsRe i UE20, choR@illc, Eosv i
kBB O TN LA g TORDOLABBBIC L ZHEEMEH DT OIEDIEDTH S, B
HHEE O—HIZD BT 2BA1, SSIHEEREFAERED CEBEHTHEID, 408413%20
EOREEF £ v 7 TERNEH 85 2 — 2 —DBARBIZONERLRODT, C0&H7%, T
B2 NeF AR L,
BEAFICEBLTE, 227 2FvEO—RIET AT ) XLY it LichioTe, Tibb, 2204V 7
DIREZEAL,

USRS

=

T
K
e
Q

HY (8 +8t) = (U—8)H’ (]) P (£348) /5 +ereererererssossneimviniii sttt s (1)

H (t+28) =H () +8H' () —qat) — Ga(E) «+evrververereesmmerensesenseimnmeeatannctsisinns (2)
THI OGNS, 1L

Ga(®) =a{H () —Hi} +oeeeerrerenemininnen et ettt e e (3)

Ga(8) =BLH (B) — Ha} coervevvemsimmeneie ettt e 4)

Thsd, CCi H & H REZhTh ETOF Y 7 OREL ¢ X, &4 BEMR T o7, P@E4) 128
Nt A5 -+t F TOROME, 712 BV-6 AR KBOEHERR, «p LU 3Zheh Fig.8
WRL B OOFRE (BRI ThHhE. SP & BH-4 OWiRiZ, »ABROEHE A &#Y2LARK
Ca C3 Z/|ALT, Th¥h,

QP () =pACaga(B) /A +veveeraiminiiiii s (5)



B - )l AR EEX O KRBEIBIC 0T (20 2) 231

Qi (£) =OACpqa(E) /4 ++ vveremeeeiinii i (6)
EHDPNB, Ca & Cp DI Qsp & Qsr OHEEEERES—HT 2L5, HEOEEEDBET &
<‘.’. l/fn:o

SIFIIMEA504E 8 A L EASIEQ BicDWT, di=lhr L LT, FHBRSES BLS12HETE, B
51429 AB LUI0B I > Tit dt=1day & LTBC -7, 4t=1 day O Fig. 8. DL v 7 D%
EEDS A ORI BID, cOF > 2EBEL, (2)RE

H(t+4t) =H (@) P48 fr—qa(t) — a(t) +-oreevermemcmemmiiiniii s (2)
CEEELTGHREEBC L -1, ATHMROBEED/ 05 4 — 2 —OlEid Table 1 OFEHTHb. T/
ZhZhoHEOHRTED Sz ACa & ACs DfE% Table 2 ITRT . DX H7L/8F 4 — 4 — DIEEH

Table. 1. Values of the parameters for tank model in Fig. 8.

4t a B ] r H* Hp*
1 hr 0. 006 0. 00004 0.2 0.1 —18m —27.5m
1 day 0.1 0. 001 — 0.1 —18m —27.5m

* Height from the ground surface.

Table. 2. Values of AC, and AC; in Fgs. (5) and (6) for each calculation.

The figure which
Ai B illustrates the result AC. AG;
%)) 1hr Fig. 9 688 —
(2) 1 hr Fig. 10 737 26, 691
(3) 1 day Fig. 11 1,347 —
(4) 1 day Fig. 12 888 27,077
Mean value 915 26, 884
12 SH'/GQE;? ~ CALCULATED
GROUNDWATER LEVEL AT BV-6 — OBSERVED
14 (m. BELOW GSL) // e ——
16 //M‘\ T
18
20
2 DISCHARGE AT SP {m¥%h) T
I ] /‘* Tr— T
° A e e
7 _DISCHARGE AT BH-4 tm¥h

ox_.._. T e e e S e e sy e e
H«JL‘ "RAINFALL INTENSITY £
et imm/n) lr’"‘

'oé\zne 0 GI?iBOE.hZ\BGb!ZIBOGIZIBO6\21806\2\306I2\806|2I805‘2180 61218
AUG 17 18 t9 20 21 22 23 24 25 26 27

Fig. 9. The result of the simulation of the response of the groundwater
system to a heavy rainfall of 705mm in August 1975 according to
the tank model.
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Fig. 10. The result of the simulation of the response of the groundwater
system to an extraordinary rainfall of 1,228mm in September 1976
according to the tank model.
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Fig. 11. The result of the simulation of daily ground water level and daily
discharge rate in 1975 according to the tank moded.
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Fig. 13. Groundwater level and discharge
at the time of the landslide as
simulated by the tank model.
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