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Yasuhiro Umeda and Satoshi Itaba (2011) Ground Upheaval Estimated from Decreased well water before
the 1946 Nankai Earthquake— As an Example at Saga District in Kuroshio-town, Kochi Prefecture —.
Bull. Geol. Surv. Japan, vol.62 (11/12), p.455-459, 3 figs, 1 table.

Abstract: There are the witness testimonies of the inhabitants that the water level of well water decreased
2-3m before the 1946 Nankai earthquake (M8.0) . In the small delta or the sandbar where fresh water
balanced with seawater, Umeda et el. (2010) showed that the well water largely decreased by a little
upheaval of the ground, qualitatively .The quantitative relation between the water level of well water and
the upheaval of the ground was obtained based on Umeda’s model and the structure of underground water

at Saga district which is small delta.

Keywords: the 1946 Nankai earthquake, well water, ground upheaval
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1946 ‘ERFMEHIZE (M8.0) DRENIZHFAA 2-3 m KT
L7z WIEEE 2, WUED &R O KRGS T
BohTna, HEHIE, (2010) &, WAL EANE
JING v 2l 5TOBNE = AMNEETIEDbT ik
THED BT & KR R AR AMK N 45 Z & AR L 72,
ZDET IV & @A (238 M X T O R AR ki o
ARER A, OB E & T RN OK T R & OB
B ERD 7.

1. FU&IC

VU E A & B O TP R ER T, 1946 F Rt
= IM8.0 (E KA, 2010)) DORjIZHFAIEN -,
HBENMIRNAKRESE T LAZEWIFEERH S (il A
X, KRR, 1948 5 dAt, 2009 ). HEX7zKMiD
KTFEIZ 2-3m EVWHEARL V. HEHIZA2 (2010) 1
HERTIZ AR N2 &0 S P OBFAE 217 - 72 /R,
BRIz e WS HFIE, KE W) EE3 5 5
EBicid e <, BTHRO AV E NN S 5 =N,
Wz d 52 &, F2ECZAMNNT SN ZHFIZH
L, Whar>=HFDIEI NENT L& 2R L
7z.

TR B = AN NI F6 1) B 1T KRS O R
X, RO TICHEOKZ WK (EK) BRAAALT
WA Z L TH3B. Gyben-Herzberg @A [l Z21E, ¥

Iza, PA-FW.¥av7y (1996)] 12 khug, K«
FHRE O EORAKDE L, F40EOEEOHAKLE
NS5 v 2% L 5TWAS. Z 50 FARRED =
T, bt LTS E, BEHRNS Y 2
ERO72%, HTAKMOENES » 6 L BOIRAKDKEE)
ARZ0, IFOHFIZEATL £S5 Z & &HIEH,
(2010) AHASAIZL7=. ZOEFNLEHTARERD
2o T B SRR AT =X @ U, BB
HEH T RO TRE DR E KD 5.

2. BREETEEHX O TKIBE &t T KIBE)

2.1 HWTFKBEIOETIVE

15 RITIELIE  AR ST (e X (55 1 X)) TRk 72
DIZ, [EN K% H FRFEE A fTb 7 (BRIEIE LS
PEM], 2000). % 7=7%HIEA (2004) (ZWINZE (L A3 7%
TR DKM RIETHEAFANRD 720, 1 KA
TRULZZA DT TH BIRE R =) ¥ 7 %47 - TR O
Tl 247 > 72, [iiH O PR & % O WE G % 5
2, 1O X-Y IS - 721 N & fiv 72 (58 2
M (1)), BAEOEA (A) R, WA (FK) - KKk
B (interface) & AKFE#HE (horizon) & D43 (6)
5 EDEEOBAEI 2.2 BiTREL < BB, AN
A7 =R L THED 2 & B K72 25 5k LT 5.
WK OBE A2E 2 5 FCEEAL ML, EAREHAkE
MWINT YV AERSTWBDIRFEKTACHTH-T, C
HASINT (MofHHE) Tk, ACHODES &/ v 2

LiG i Rg - HiFEAF4E 2 % — (AIST, Geological Survey of Japan, Active fault and Earthquake Research Center)
* Corresponding author: Y. Umeda, Nakoji 3-11-46, Amagasaki Hyogo 661-0974, Japan. Email: umeda-y@aist.go.jp
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Fig.1 Map shows Saga district where is small delta. Red circles show the measuring points of ground water table. The

vertical section along a straight line X-Y shows in Fig.2.
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B2 EEMXICE T AT ARRE (1) LERICK M FKOBE (). HEAMIMEIIL Tl &k 25 kT3,
Well No.1,2.3 I&FEIHEAEL 2R Tk <, FHD 22 DIRIEDON E ST H 5.

Fig.2 The structure of the underground water (1) and the flow of underground water (II) according to the upheaval of the
ground at Saga district. Vertical length is extended approximately 25 times to a lateral direction. Well No.1,2,3 were

not really wells which existed and were drawn on the virtual position for explanation.
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WA R 2 i D 3l P KR O & & Mg o0 b A8 dh e (M - #idh)

BT, WTRAKN (groundwater table) D7)
il (¢y) FRUZEBZEMNHEKDZENIHTH S,

Z D &S I TR & R0 AN RR A D I
LG EEA2% B2 (1)), FXTHEGIZEELE
Hi, BB L OO 5 2IREE KT, MHEOET L
(HEHNE 2, 2010) 12k, HEAKEWRAREDINT V2
A>TV BXMETIE, DI hk ol (Ah) »
I STEHIINT VAERNAS LT 5. ZO-DHT
AREDENLTF (KoL) 26Xk ERAITRL
7o K5 ITWokA RN, HEK - WAKRBIFEAH 22 T2 %
Z DA AKEE 2 5 OIRKDOEAG T UL, HiA A-B
BN -BIIBET DI ELRIRAKORE (V) 1F, f#i
WRTH BILFORAKRE (V) 1IZHF L. 0WE, FE2[K
ICERZHAONE W OKOHEEZEZLS L, V, Vi 3Zh?
NV=nWS,, V,=nWS, Th5. nldBfiETH 5. I
FE S, 13MUJE ABA’B CTh %4, BEkaiO bR AB
LRERBOBRM A'B L 3ARSIDTMIZREZDT
(AA’ & BB 3T TAWDT), EELEFTINE Tk
DA, RIS - AREIRORE () L#IHD
BRMA 5T (e) LOMEd 5L,

S;=e-f

Thy, MAKEDEX A2 d L T5L, e=AHcosb,

f=d/sin@ THBH7»5,

S;=e-f=AH-d/ tan 0

V,=nW + AH - d/ tan 0 (1)
s,

THDORBERIZEOILFOKMGAAMKT U, #Hrizsit
TARE (KR ARFEORRE) ORI 212k - 72REE
25k, S, 12X (I) T groundwater table &0
ASh7zpife, ZhHBPAd ZHK T LAERKRORRE D

Momki 52K (1) TiFoRkz0Els) Tbs.

ZOHGBELEPMIZS, 3RS 2L ET 2 AL
4% &,

S,=¢ - Ad/2
THD, %7, Ad/L=tang, TH515,

V,=nW - Ad¥/ (2 tang,) (2)
#19%.

SHER 2 & DK DG A NG EIL V=V, ThH DT,
(D, @) x»5

Ad* = 2AH - d tang,/tan 0
PEo6Nsd. Hh=AH/Ah= a £ §5 &,

Ad® = 2aAh - d tang,/tan 0 (3)
Thby, HiboRkds (Ah) SHTAKVOK TR (Ad)
EDBBRMRE S .

22 THOREEELHTAMEOEKTE

VEBEMIXIZ $50F B4 K g I3RS L R D 2 & 2 28,
HRIZ 20 m KDFENEZAIZHDHDOT, T TIEEB
D1 RGIZONTHEERT 5. EHILIE 2 BT (2000)

D [Pk Lk & O FigER (FERh ol 2-5-11) |
&g, B1REAEORE () E4mTHY, HFHK-
RAREERNIIEE D S 300 m D& T A TH 1w AKkEDIE
IZEL TS, LS T, AREHE (horizon) EHEAK -
AR (interface) & D74 (0) 1%

tan @ = d/a = 0.0133, 6=0.764° = 0.76°
TH 5.

AC MO TN EIZEEIZ A (2004) 12Xk > T
EINTOD2, WFAHE TRV K 2 B2 R
25N 5728, ZZTiE Gyben-Herzberg OEHNIZ L
TN, WRERKOBEEE»POHRME S LIZT 5.
WK EIRKDEE & ZNTI 05, 0, HINEKE % g
L3 % & Gyben-Herzberg DEHIIZ

os gt = p; g (H+h) (4)
THY, p=1.000, ps=1.025 33 &,
H/h = 40 (5)

b, ACHOHTAKImME KDL TMED LT3
&,
tan 6 tang, = H/h
THEH"H, ¢ =0.02°
Lis3.

KHIE A (2004) 358 1 UM TR L 72 4 Higi Thb
AN 2 FEH U, MR D 360 m T T KA
I OACEIE 2 5 O E 13 0.49 m, 670 m M TOZ i
1.66 m T 5. (IFHENC I 5 1 KA & KT
LD AL, LTDHE,

tang, = 3.774x10°, ¢, =0.2162° = 0.22°
THh, Zhok (3) NfRATB L,

Ad = 9.53 vAh (6)
UNETCY ()

6) XiFmEILFOWTARNOENHFT E2HT
well No.1) (IZDWTHKD DD TH 5. RRIHDE,
Mgtk (Ah) IZxtd 5, HRFARMZOMK TR (Ad)
5 3 KNTR T L ISR LIEIZ OV T 1 RISRL
2. Zhicksl, T2 1 em B L 2R & Ll
DHFTIZH 95 em OAKNALTARAE NS, WIHF
K22 m{KTPULzE LTE LHoRERIZ 44 cm 257
ZElilhkB.

23 KAEETORE

A (6) R LoD, BEEIZPE-> TR T
ZHF RN (GE 2T ¢ Lad & h K0 i)
E RGO T KN (3 2 X I T groundwater table)
EDORFRDMBCRISETSIETTHS. ThLICkE
AEEST L 72358, WP KMEDIETIZEST, ¢, &
0TI &Y, B BILFDIES ITHU 57280,
HUF AN DR TIEIEFIS#< 2 5. ST KA 237K
RIS I A B, B R & ARMIK T ISR TS A
5. $4b5, 1 mOKNK T 24T 323 Lok
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Fig.3 Decrease of well water level (Ad) for the upheaval
of the ground (Ah) at Saga district. No.1 and No.2

correspond to the well number in Fig.2.

1 mBEIZE D,

CrMGINBEETOMNEE (b) 3B KZ2530 mThH 2
25, (6) RAYKDLOAd DERKIZ, Ad,.. = b/tang,
=530x3.77x10° =2 m TH 5. ZNDIZ &iF, KEHKX
IZHWTIE, T ARMOEOLEEMHEICS 3 HF TR,
ZOKREN 2 m P Ed R, b LHhoRER Tt
FlREN NI AR L TIN5,

Z 2 F O, ik S T AR OESOILEEDO I (58
2T No.l) IZDWTHRARZR, F2XTHBIZH B
No.2 DHFEDKFIZDONTIZRD K 3124 5. Bk
D No.l & No2 DHFDOKRMDEEIET S L, AdA
oIz %5 £ TIE No.2 DARRMIZEMNIZMLS, Ad>0IZk
WTIEAd = 953 VAR—0IC L2235 TIET§ 5. 0=1
m DBAIZONTE 3D No.2 DIfIRIZ, MOE 1%
? No.2 DfFIZ/R L7z, BIZHMO No.3 DFHFIZDNT
BHEHIES (2010) BN TWB X512, bEhrktid
DR TP RO FIZi 6 k.

3. FEHEHEHR

R ORI HE SN2 KK TEIZ2 m A2 5 3 m
EWVIFEEN L. ARERIIC 2-3 m OLHOREITE 2
D5, MEHIEA (2010) (F, SMEB2 5 OEKDUEG
NZ LW =AM T, HTAREDEOEIZ H 5 I
FThiud, b3 hk HDREE T & KR &2 AKNAKT A
2D 52T &MUz BN X I Tk HE
WA SN T2, MHIEA, (2010) OF 212K
O, LHoOREEEH FRMEOK MREZBEMEDT S Z
ENTET

2.2 FiTIIAHE A & DPAKDOBERFIT M & RE U 7243,
FERH PR M 72 = AN TIEE RO 3 H1A & i
MEhToh, FCHBEORELZ12HEWSE

F1R EHHXICET 2R (Ad) 1ISxHd 2P ARRL
OIKTE (Ah).

Table 1 Decrease of well water level (Ad) for the upheaval
of the ground (Ah) at Saga district. No.1 and No.2

correspond to the well number in Fig.2.

Ah (m) 001 | 002 | 003 | 004 | 0.044
Nod | 095 | -135 | -165 | -1.9 | -2
No2 | — | -035 ] -065 | 091 | -1

Ad(m)

AKEZIZ, FHE A 5 OPKDOMS T, 5 7= L Bbh 3.
WK E W 24 5 FBE i A & v 5 B
FRE A o728 7.

e HIX TOMBERTOARANZDNT, KISTEW (ki
J&, 1948) 1213 [Z < —EBISAKRI A EERTIZAE T L 2= A
Wohr] £&5. idibicd s [#EiEl 121221 H
PR 4 B 19 73ISR L - IBRIR R ORI O Z & Th
%. T4k 2004 4 & 2010 412 B CRIEL D FAE A 1T -
722, [HEOFNIIFF KRR G Wz L v ERiEEV 72
LAEE T A AW DDKEENE, EOHFrE -7
PEVSEEZTEAL» 572 2D No.1-3 1T/ L
THPRHIEBEZH > 72 HF Tl a <, HHO = I
DOPEIZH N2 DTH B,

K TR 72 BRR A DRI SIS 1213, Ak
WARER EAFRRED BT A (6), ILFOHTARMD
WE (¢y), HWAREOEE (d), KOUWFE? 5 ILEEE T
Ol GE2KT, ath) #HA2MBENDHB. ThHD
25, QMK EFRKEDIEDENI K> TRES
BTHh0, fOHIKTLIZIERCEFEZ OIS, F/2
FhgE (a+b) 3HIEM ETEMB LA TE S, Lo
TH R AN OB (4,) EHKEOEX (d) 2552
ENTEIL, Kiw TRz RO T3t ki 2
LIDHTAHIENTE S,

SHEE SR UG 2 T SR S T U N OKER AR
HOFLEWEEW, X728 FE T BIEGHI A >
7o, BT —ROWE IARRHBIC S B WIZE
Vo2, HbETHILEL LT 5.

X ®

AHBEAT, EEEZE, MRS, REE— K8 =
JUAHIF, KA 3k (2004) EAEAEEEIZ B
ZHTAKRDO T v — M, FERF B SRS i,
47-B, 721-724.

Fi=a, PA-F.W.>vav)Ly (1996) M FADR
I KA =B, BAT 4, 26-28.
AL E 2 AR E W] (2000) Pk 11 4R B 51 b

TAGREZRFCERE &, MHERASHL.
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ERSCE (20100 PERMEZER CEEK 23 4Fik), p. 739. WREMY - A - ANEZ= - JIBMEK - K
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AKigle (1948) WA 21 4R Kb ER A A (A 1-10.

Fe Ol , /N R -G, KR EEESE TS 201 95,
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