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Magnitude  Depth [km]
«5.0 . -100
50-6.0 * 100-200
6.0-7.0 200-300

7.0-80 * 300:400
8.0- * 400-500 P
* 500-600
L

1.1 TL—rORHERESHT 19736 1A3H~201352H8 408, ¥J=Fa—F40LlL
USGS - Earthquake Search http://earthquake.usgs.gov/earthquakes/eqarchives/epic/
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Sediment-related disasters in the Nakajo River watershed in Sakae Village, Nagano Prefecture

triggered by the earthquakes in Northern Nagano Prefecture on March 12, 2011
R E W EERITE SR Nl (NSRS i H OB Z

Shinya HIRAMATSU Taijiro FUKUYAMA Kazuki MATSUMURA Akihiko IKEDA
CHE N A ML E R
Masayuki MIYASAKA Yoshihiro HOSOKAWA

Abstract

On March 12, 2011, the North Nagano Prefecture Earthquake and subsequent aftershocks triggered several sediment-
related disasters, including two large-scale landslides that dammed the Higashi-irisawa River, a left tributary of the
Nakajo River in Sakae Village, Nagano Prefecture. The volume of the landslides was about two hundred thousand cubic
meters and one million cubic meters. In this report, we summarize the characteristics of the earthquakes, landslides and
subsequent debris flow, and emergency works following the disasters. Based on boring surveys of the sediment
accumulated on the streambed and other field measurements, we discuss the geological features and the hydrologic
response in the borehole and the dammed pond.

Key words : earthquake in Northern Nagano Prefecture, landslides, debris flow
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MR, 1 REEREOWT DS, EAL 30 ALZiZn 51
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43 HRELUBE
4.3.1 I SN-BEMA N MR ORI
2\T

1994 4E7)> 5 2003 4E % TO 10 4ERIZ B W TSI
698 IZX 7 STz, Ky Si-FERHI o & BRI,
24 BFEIR &, 1 BRI EOWI A0S, BAL 30 AZiCidun
DEA N2 MIEET 50 FERA X hCThoTo, K5
A X2 N ORE— 2 RKA42 TR T

Fe-42 IZBWTRERE 1L 1994 42l & L CHENE
DT Th D, K 2ITITFENA N MIPIckiT 5+
BB ORKEZ I OR LT D, For L2585
AR RO B BREE 318 ARGz T HAE
BHRE T2 1998 8 A KDEER Lxhi L TRy, %
R OMEIL 206mm L HERKER LTS, ELsh
OSERRMIRT CIEAEEITRA L TR0, RS S 318
[ZDOWC TR BRI R EVMEE R LT OIFRERE =
591 @ 191mm ThH 5 Z & DRI ILD,

187

= Z LA NS, 05 ESTA=N
4.1 ETIVEIROBRENT A —H R
Symbol  Value Unit Description note
Y 9.81 kN/m® Unit weight of water fixed
v 17.66 kN/m® Unit weight of the moist soil fixed
A 0.35 Effective porosity of the soil layer  fixed
k 1.8 m/hr Effective hydraulic conductivity fixed
zZ 1.0 m Effective soil thickness fixed
¢ 30.0 degree Effeictive soil internal angle fixed
Cesr 0.1-6.0 kPa Effeictive soil cohesion varied

4.3.2 FRRBEMRREFERERRAANY ML DB
T RRIREEIE OIS E R

IR R OE 7 VI MEITE 2R 1 DfElc
Ko TENT D, F-miffio HENEHEROFRTIC
B TRERE S 318 MR DOH Ml E 7R LR TR
5591 OEN 2 FHHDIATH D Z LR SN TN D,
Z Z RIS 318 I LTV 591 & 2 ZERIHARIIC U
T O RIETEE RS2 O @.5)RUR TR e
7% RD_PLAI 2NERIEE HOMEIZ L > TED X 91221k
T HMITONTRRE LTz, fEREX43 1T,

F2 42 i &7z 50 B OKEE—

Event No. TR MaxI Max_24hrs SWI
- (mm) _ (mm/hr) (mm/24hr) _ (mm)
22 173 28 167 110
42 132 35 91 80
46 VAl 25 69 68
47 141 14 38 78
93 96 9 74 80
103 112 10 61 89
105 87 25 58 75
110 90 23 53 75
125 113 8 73 84
17 34 30 34 41
176 54 22 54 55
186 91 12 84 81
223 145 13 80 98
231 133 24 133 118
236 87 33 87 79
240 118 39 86 96
250 94 9 41 67
316 110 15 42 66
318 567 62 265 206
322 189 31 187 127
332 115 19 63 97
364 93 16 92 85
377 210 19 107 117
380 268 23 109 136
389 160 27 111 107
393 135 52 135 129
400 68 30 35 65
402 85 26 70 69
447 76 14 76 75
452 36 22 36 50
454 115 22 115 89
462 41 33 41 55
470 82 25 82 88
471 143 18 113 116
473 95 13 87 80
524 95 24 48 69
530 168 26 163 119
531 146 35 90 119
534 190 19 128 120
541 126 12 126 97
566 84 9 84 89
591 320 37 215 191
593 n 27 69 84
595 76 22 52 66
601 88 33 60 64
604 97 13 57 81
610 129 29 124 129
662 73 39 51 78
673 97 9 46 61
695 80 9 78 80

*TR: Total rainfall, Max_I: maximum hourly intensity
Max_24hrs: maximum 24 hours rainfall, SWI: Soil water index
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B CTHDHN, FEERAEDATREMENS B OEERIE L, if%
FREHEEL & bl U CIBE R R T L 2 2803 I
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4.3.4 HEIZKDHTEBRELILETEE L -BRIEE
2DV TD#&ET
55 4.1 BilZBW T, BEEAFZEORE R & HIEZ I T HE
AT & FElE U T/ 70\ B B CHAEE D AR T DA &
ZE (BEHD (1996)). F7- AR OmE S ixt
ERRE EROME DR TFIC L THASs Z: (B
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X539 D IBAE AR D B & LT 13X
107*%km’ 2SR EOFEIHE N DBRA S 52 &

Zhes LTz, UL EORETRERS L OB EIEIC BV TR

ENTNDZ & &ML LT, (RICARZE O3S

HIFR DR A 52 1T CHIEERT & bl LT 72\ O RN & O

BENRRAT 2 Z & BHEE LT HE OFERIC OV TORT,

BARR it FiE L LT A& 1% 5.0kPa 05

0.1kPa %A TR F S 7254 i SN &ZRlcBsn

T, EOME CRTEAREmFEEEIC K 2 AR A A a4

IR B 23D T RN B & OXPIGBIRIC Lo THR

FHU7z, fERAX4.6 ITRT,

[X-4.6 X 0GB ST OB FIZ L > THAEDHA L

TWRWEIED TN EFEEDS G S D BERICIB W T

HHE AT D ATHEM D D Z LD, S BITHAEE

FeAE BMERI T LT A RIRAE 1) OfE & TR EFEE DM

FIIRIGFABEEMR S S D, BEH D (1996) 13,

SeE R IR 2 B R AT & el U CHIEE L 5

25 TEINSRREDRRICE > THOAERREAE LTV

ZEERELTNDN, ZhEaSBE LTIK4.6 123Xt

LI I\ CRREEAN S % U - - HE RN R (206mm)

D 70%FB L U50%7 A > 2 TRL TV D, ZHUEHE

Hidgk)S S R R B DB 2 2 7= Z L A HE L

bDOTHD, IHITKFEDL (2007) I EFAHEL XS L

L CHERBROFERD O MFRE DO REEE 5 1 T ORE

N2 EFREE TR T LW D AREMEN & 5 = & A45HH

LTWDA, EHD (1996) (&> THE SN TV D

REPHETHD L, 5 FIREORKRNTHEET D & LI
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# 43 AEERERVEERICRB T AR A XV F D
THER RS L OVE Rk ) vl

SWI Ceff
Event_No. o) Pa) Area

22 110 44 2
42 80 3.8 3
46 68 3.4 3
47 78 3.2 3
93 80 3.7 3
103 89 3.7 3
105 75 3.4 3
110 75 3.4 3
125 84 3.7 3
17 41 28 3
176 55 3.1 3
186 81 3.8 3
223 98 3.8 3
231 118 44 2
236 79 38 3
240 96 38 3
250 67 3.2 3
316 66 3.3 3
332 97 3.8 3
364 85 3.9 3
377 117 41 2
380 136 43 2
389 107 42 2
393 129 4.4 2
400 65 33 3
402 69 3.5 3
447 75 3.6 3
452 50 29 3
454 89 41 2
462 55 3.0 3
470 88 3.8 3
471 116 42 2
473 80 3.8 3
524 69 3.4 3
530 119 45 2
531 119 42 2
534 120 44 2
541 97 42 2
566 89 3.8 3
Loooser o tet 49 1
593 84 35 3
595 66 3.4 3
601 64 33 3
604 81 3.7 3
610 129 42 2
662 78 3.3 3
673 61 3.1 3
695 80 3.7 3

G ORNEAE NORTITH 19%RETHY ., BEDS
(2007) 12 X HFRHTHRES & FHXHIC A TG LTV D 2
R END, (RIS Fe e U S R B D SR A
ST EAE L, AOE N & HERERR O
DERE FVTRERIC & 2 ARBRS AR fEIREE DX 53 %1772
9 & AREA 1 A3HIEERTOD TO%FREE DR &L - TR
AT L8, AREA2 73 50%FRE ORI X - CHREN
FEATHREELE 70 . AREA3 MSHEFsAEREL & 72 B, %
OFHSEHRICOWTEEHL L= b D& FK 43 17T,

F 4305, i SNz 50 4 X2 b 5 HHEE DR
I HEREN 19%REE TR T LD L2 ETDH L
HUFERT & Pels U T2 15 A X0 D SRR AR fall
& LTSNS Z LR s,

FMC BV TR E A R 27200 T A —4
—fEE LTARRE AR L T D72, ERERIC
L DFEBRIEZDE D& DHBIITERNZ LIZEMTH
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44FED
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(2 Ko TR STV DI E AR R R R AR O T A fe

L7z, RatofR,
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ZbhbZ b,

2. eI R RS X TN B & bl U C SRR
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DT> b HFE O B DI T 4 B8 U7
\Z K2 AREER AR AERREEASTHI C & D FTREMED B 5 &
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PlED 3 mater L,
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ARRFH IR, 72312 K D AL AR S
EEEBEOBEE 5 Thbhie, BRIZL->TE<
RONIEE L DNZ D TEE AT D LIS, —HH RN
BELZLEVYET 5D TH D,

5 | FA TR

Chang, K.-T., Chiang, S.-H., Hsu, M.-L.(2007) : Modeling
typhoon- and earthquake-induced landslides in a
mountainous ~ watershed using  logistic  regression,
Geomorphology, 89, p. 335-347

Chang, J. C., Slaymaker, O.(2002) : Frequency and spatial
distribution of landslides in a mountainous drainagebasin:
Western Foothills, Taiwan, Catena 46, p.285-307

Chuang, S. C., Chen, H., Lin, G W,, Lin, C. W., Chang, C.
P.(2009) : Increase in basin sediment yield from landslides
in storms following major seismic disturbance, Engineering
Geology 103, p. 59-65

Dadson, S. J., Hovius, N., Chen, H., Dade, W. B., Lin, J., Hsu,
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M., Lin, C., Homg, M., Chen, T., Milliman, J., Stark, C.

P.(2004) : Earthquake-triggered increase in sediment delivery

from an active mountain belt, Geology 32, p. 733-736
Dhakal, A. S., Sidle R. C.(2003) : Long-term modeling of

landslides for different forest management practice, Earth
Surface Processes and Landforms 28, p. 853-868
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V. #EBICLIFMEOBARE LOTEREOCELIHMEREICE 2 5HE

5. 1 HEEHIA Ul KEDRH

B H G AR IR CIIE o i al it A
TARHANZFEA LT e - #1900 e &6 BT 23,
HAARHAIZRAE L2 b O %< (FIERIE2Y  2011)
ZTHOREITIEEDO RMERFICEA LD (KA
HHIE)> 2005, N HIEA> 2002, Kubota et.al. 2002,
AR 2002,  KILEA 2001, HUEHEIE )
1998, A H1ED> 1986) L HuJE - HE - filZE /e B
A (FR) TR -8 3RnEBbhns (3%
EFy 2011, FEHIFED 2011 A2 Y, £, REAE
bHEN—T, FERBEICOWTIIHRAROH EHFE A
RETLILGELEZOND (AREIZHN 2011,
T.Kubota et.al. 2006, AfrHIZ7)>2004),

BUHIER A IC JAuE, AR SRR HIEE T,
IAEIZ Im B D BRI E 2 1 5 A B R 23 A
HILTHEY Bz X, HiIRIEA 2011) Zh b DR
MOITKRNRE LT <, ABOBKIZEVES
IZHE TR KD ESOMIBRAKED EFIZEDN S &b
b, ¥, BESHT R EACTCWDLED, HE
BELE—7BENSIHMETLTWSIbDEEXDL
e 2O XD Rt T, MBS O T KEERAEN
BRNNSL 2D EB2RTER LR, [EEE
A D BRI OHMA L S 454 B OBk (AR H
2011, Kubota 2011) T, A% DRI L D KEN
BeIhs,

- FesLOL
BEGLOSA

E | 1 I I 1 I I 1 1 I L 1 1 1 L 1 1 L 1 1 1
6 4 -2 0 2 4 8 8 MW 12 14 16 18 20 22 24 26 28 30 32 34 30

B-5. 1 FEMBFIC L HMBERRERBORITEN
(RREBABUVTHIES ; BRICK HRBHEME
THEREETOZEZMHEN)

192

uuuuu
uuuuu

JUNIRE: ARHEH

5. 2 FHiELHR
5. 2. 1 HEICXYREL-AENBRER
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WAL H G ARSEEE R X R AL M=9 & IEF I
K& <, HIRENC L 2 8BADI/E T &Rt Z el
WX T 5B LRERbODRH L ER DD, £2
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FRENFEAE LG 2556 L. QHMEEO DR H
DERETT/NEE L TT XD mB R IND o
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O BREM R LI 21T > T D, FRIRDIR
R K DR AR R, HERFOH FEATE O K
DRI AR E R E B EBE LT e b ien
28 (AfREIEA 2011, T. Kubota etal. 2006, Af%H
1372 2004) , Z AL S AR I THIEE CRAN AL T
LRELSEDbLRWEEZ D, BRI O T
FECHSEFES ImE 1m & L, BHEORD Y ICEKE
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