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BHAKEE DDA T A AT T D
KB 2T KADOROK TEEIZBE T 5 KB EZ W

L RT BRI e E

RS =Ha vz oy
* KRN TSR B o A 7 ALY

F—T—F KBV AT L, HEED

I #

il

FOEORIEARFMR DL < X, REHEA Tk
HH ORI 20 % TV D, KR AT MBI DG
BB HERE 721 Tl e <, AKEE, KR R4 B HkRE
G-I REZI O LB IC G L, ZhE T
%< OWFFEERENMT TN D,

HE (2003) 1%, KRS AT LZEDEHODOMEREEZF L
T DHMENDD L E 2, AKERERGE L, 5,
AKER, AFIFIZBE 3 2 Kt f OMSEE T 24T 5 E T
RAB IO FEEIREL QN D, T2, Zhbixh
- HRS (2003) 13X, HE (2003) D HKEE R A kTG L
L7eigEs R4 b &1, HEKEESRICIBR L T\ 5,

W R (2008) 1, FIKEEREXIZE L, KEB X
OUKFIFNC BT 2 HHE L MRE DA E X A H68 L,
FHEREICKT L CIdZ o B THE & RARIEAIRRE LT
AV

fEER - =4 (2009) 1%, FAKBRZRILE L, KHEEB
L OUKFIHIZBE 3 A H6RE - MERRICE B L, FEORhE»
%R OMTTE TO AR K IE /LT O YRR S0 &
MLTND, £z, =KD (2009) 1X, KEHLT L L
BT, KR AT ANOA R ER AL L, £ Ok
IEOMERE, BREITIRS A KRB LI AKFIMEEER (LIRE, Tk

B, JKEEHERE, BAKER, A TSA Y

HUERETE ) P D) OAZMELORETEEL T
Do

RIETIE, #MED (2012) 1%, BHEOWIIERCR 2 6,
FIKEERERIRE L, VAT LDR, #, mOZEON
M TOKEE X OUKFITICEE T 2 2 FIEO 2
119 & &I, KEINT & XV RERICHFET S 2 &
SRR K BRER BERS W 0 V7 DAERLF I 2/ LT
Ho Lo, MES (2012) 13, A - BWiIEH DR
JE L BHE VORI 21T 9 ETITEE-TELT, 4
B OB FINAOE K ZHaE L T T, SRR S
T35,

UEDZ D, ABIETIE, HED (2012) 232
5% KELFS JOUKHI AN B4 2 B RERZ W T IIH oD 3 i
MzEATH AWML L, FAKBNOAA T T4 1B
T DBHKEE S AT DarfR e UToKBREEER &
L, PWREERE D LI, IIREORELITT,

I BROAE

2.1 HAERRETIKECRT L

Fig.l 1%, At & 4 5KE AT L OMELRT,
WFZE R &+ 5K 2T 20%, BHE A HAKEEKFH
FECIYEH SN, KNG AL T T A AT

a1 LS o[ cmkr }———% 0 ok
L Boksm (=ssm) AT T A LRI .
A KL 8m " | ¢1,600mm~1,800mm #1,200mm~1,000mm
——>

Fig.l #fIE& s 2K K AT AOE
Outline of study site
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T % B /KIL~C ik T~D 43 /AKL (AIEE L=7.1km)
XML 5,

2.2 HREOFIE

T, MFZExIG L35 B 43K T~C ik T~D 43K T
WZFS VT D ik BT & D /KB RE D 258 % K B BE
PN L7 (Fig.2), WIZ. B 437K L, C ok Lis
L D K Lo Ec, BHFRER LOMEIY &
FhiL, KB EORMBERERE X, Zhb0aKHMRIC
BT 2 KEHEREZW I VT 2 ERR LT (LK, TR0
Wil EFRT %), IS, SOBETEREZEE L, B oK
T, CHUKLE LD 4K LOkREIZBWT, TM/TC
T—% (KN, E) ZRWEONR X OB A T o7
(LA, THROZMW LT D), BEIC, RBIUHO
PWHE RIS X, IIREOREETo 72,

2.3 RAE IMBLUBHOAE

2.3.1 HEEREHICE BKBEEEEDTE L REBORM

REm DR

it % HE S K D KEERE O S ED BBV CIE, T
FXE R L OB EEE S0 D OB S B IS, H
RN, KRR A VER Lz, 7eds, KBEEERE
mEINC ST %, RIGuiak O, FReds KOS XN
SEARIC BT o Uk, BEE O BIIE RS (A TR 577,
2012) #&HIC Lz,

2.3.2 ROPE

Tablel Jikfs

Table 113, MisZfEOSOBWIEE 2R 7, mOBZH
1%, FIZ Table LI RTHBEICDOWT, ®RARMEIC,
BLHIFRAT R K O HE 2 H OB & T 2 EhE L, K
PSREZ I 1 VT Z VERE LT,

AR T, EIC B /K LICHT A1EREF 204
Do AKTATBW T, FEDLABWE]L, AR WED
B2 BIOFEEFEM LTz, FEDADCE CERL 24 4 2
HTA) 2B\, frlz, BEBIOERZHWET
WO ToORRE, fEEEE N OMERYICLBHH
WO — NMEEE T OE AT o7, £
A (Fpk 24 42 7 A 4)) 128\ TiE, Teledyne
RD instruments #H o 8w 7 Z — X £ @ i m iEE F
(ADCP) & MW et @& DR 41T -7, 7233, FH2 ElD
EORHIL, ThEh CHuk TYuER, dE®%RIZHST-
Do

2.3.3 oz

OB, SOBEH Tl L7z i st
L, TM/ITC 7—%# (LHitk BXEE) ZFWT, X%
TEFEF OARNL, HEOBREZEH L, itk 0% %
fTo7=, 728, TMITC F—#1%, C ukTcki&ni (F
ik 23 4F), fE®% (k24 4F) O, BRRAELS, 7Kk
7, WEOFE LWELDS D2 W 2 #E L7
(Table 2), FEREOAEEL, *TG MR UTBEBLNFT O M &
T =4 (EHLZWEKKET —H_R—R) ([THDEH|
Wr L7,

DR DLW H

Function diagnosis indicators for every division work

W H

S

(1) iR

i 2 W72 B RIS & 2 MR DWW TR EE 5

(2) KRALFHERI K OB E L E HEH S %

RSO LTSI DR EFOAHE, AL & bI, REMMEICSNT

(3) ARHARTE

FAT KGR LHEIC T RN GEBR) 122oWT, RHKIERMER, #AKOF
MEZONWCEET S,

(4) 7 — FBAEE

FAIED 7 — FBEIC OV TR 5,

(5) L

RS TSR Db ORGDERF) ([CoW TS5,

(6) 3 RBLDLENE

K TATBT B KN RIET HifE (B, 4V 74, #HH) BIO
Ly IKAED R ENEIZ OV TS 5,

(7) H-Qilliit

H-Q OKfz-¥iis) EROIERDWEETH D70 E 5 M HOWTERT 2,

(8) il

FIRE S L O EERIC 31T DM G U O W TEE T 5,

(9) K (&)

TMITCT — %, & 2T BTG U TR S BLINR a b &1, 4Kk
() Z2HHT D,

Table2 xt4tl 327 — & O
Target data

57—

TMITCT — % (1043 [ k& D7)

P b ol

Clk TEERT (20114F) 40H 4y
Clik L& (20124F) 79H 43

WELT L7 — 2 A

(Fig.1)

By KL Tt Gpft  AKAL - bt &
CHOK T KAL « Ak &
D43/ KA
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3.1 FEEREHIC K HKEHEDEE L REBOMER

DEIE

Fig.2 I, KEHEREOZE 2R3 5 72D Ok RE
VK AT, Fig2 13X, fEsk T L A KEgRE D4
BB (a) FHHEOD, (b) FHO, (o) FHEOODMILTE
HL7-, 78, AR, KOmERI#EFe LT, k
TR (RS OKAT, FiEk O Hi 53 <
FR), FumE R (R b OKNL, HEOHFRIC
FEOHIETR) &) FREE VD28, fi#ERIZ USBR
(1991) IZHEL D LD ET D,

Fig2 (a) kv, [EE A RKEEKFFECEFLE
HEDTIE, FEirB LG #BHRO 2 B /HKT 5 B
Sy TR SN, MEFO G EpIEBI KIS TR E
TEKTDHUVAT LEHF LTV,

Fig2 (b) XV, FEOTIE, BLHKL FHD G Epi
DA T T oMb E L BT, DAKEEETDHKAH
K (CHOKT, D4y/KT) #%E L, DK L CIEFEE
o (Edh) &g MTbZ, ok, FEHEOICBITD
IRAT T A LD BIE, FAKORER & KR OHE
FREEY OB ETh D,

FEHOQETH, HEHRMB L 24, FEOTIIMHER
ShiehoTe B /KL FHICHT 5 G iR OKNL - it
BARLE, WARRB L ORAKOMENE LT, £hb
O WRERR % X B 728, KO 21T 5 77— b Ofifi
% ETFgEANKEREIKS— K (BAyKT.OH %)
MmH, X0 ETFWmEEN/NS WK — F ([R5KT.0
T ) WCEE LD, SORI 2R R ZIT R 5 7208
Too T2, SA T T A AT K DFAKHERFO M EEPEL D,
Aokt (C Ak T, D 237K T) 25O R A E L,
SOKBORENHIINT 5 & Vo -RIEG LT, GOk
7 - MERALEFORME L TR BN E L 7257,

Fig.2 (c) kv, FEOTIE, FEOTAEULMEIC
5L, CHUKTICT, HifitxOREL LONKAZ
RO EAER (Fig.3) 23FEH Sz, Bt F O E I,
W7, BEFE Y 2 O LKA & FRKAL O IRSTIE & #ERF 9
B2 L GERTIERWAS, RALFEEHIE 7 A R
FHRITBATTHZ L) Ik D, UKL EROKN - i
BORENERL LD THD, £, HKAX L RO
BRI, FREATNICKH T A RA MY D 2 LIk
%, [FBOK LT HRORAL « ik D e bt L ONEHE L
BT DRKREDORDZR 5D TH D, v, K
L, FERL220A, FEOQBLIOFEQICBITLC
BOK LORFRAE, &I, FUHREHEE (bt
PR R F A E R O - figa GxE S ST A
Rk 214E 3 H) ITHEL TWnD,

PLED X 51z, MR L DK PREERE D28 B 4 3
O, FHO, FEOODFi TREMEAE T HIXIZHEHT 5
L2k, CHUKILSER, GEMMRICISIT DKL - It
BERNLEEHEOMBENRRTE TN E 2R L,

Z 2T, RBILUOROBEEAT O IZH Tz~ TIE, CHuk
TUfERE (FHO, @) DOMMAIZERTLI &L
T2,

3.2 HmDPH

3.2.1 BHKI

Fig.4 1%, B /7K LICH T dkEEREZI I v T (FE
AN 2R, Figd (1) X, ELADNCENC
THHUKEEIZH T 2 BB L OB EE b O X
WVIckY, BAKI RO GESIZ IS T DKL « i
REE, WARREB L ORKOMENECTHNDZ &N
boote, £z, TNHOREE, FELADPCEILD b
MDA OTNBEEIZEN D Z 2B S0 L0k
WL, Figd (2 kv, HEDF— MEEFIEEFIZO
W TR E FEE 6 OB S IR0 2470, FHAAKREHE L Pk
EENZ T BN A 20, W & B IS R
FThHDZ 2R LT, £72, Bo/KLTIOKAL
%, B, REMETIFEEVICLY ER L, ZOKMN
B /K T BN 2% KIE L, BOyK T FHROKAMT
TENBRESTULE D Z & OO Sl 5 2008 T il
WHERIEITTHZ &) 2R LI,

Fig.5 1%, B /3K TICE T B KEERERZE 1 LT (D>
AW Z7RT, Fighs (D) &0, D2ARWHIIZTB
KL TWOD G EFRIZIV T, 30 FRIELEE T 12em (F
W) OKNEEB DAL TS, £z, Figh (2) IR
T L 91T, ADCP Z HWW ol Bl A 17V, B 07K LI
BT DK IT ARG EE —E L TW\WD Z & 2R L
7=

3.2.2 CHokT

Fig.6 1%, C HuKTIZ& T B KEERERZWI 1 LT (D>
AN AR, ADWIIC T, C ok Lot
X BIRICBIT DARNIERN LV, KA ENE (3om FREE)
EHEGRL, N EZE L TWD I Enbhrote, iz,
T 7 B DAKBORNE T T DRI A THER L=, 72
B, AL, KB OB LV SKBGRT 2 FHE
Lo TWDN, HERFEEL OB G, Skm3F]H
INTWRroTz,

3.23 DHKkI

D /K TICZEWTIE, DADWEIZT, SkNSD
HUEC £ 0, E #Mi~sOAKBGRAAE L TO DRI TH -
T2o TORKBTRIL, v —EOMHRE A 7T A 1k
LD FRAKRHEFFOLE LV AEC L OTH Y, FHiE
UTC, RAMITEEIT>TWAS Z L %, HREHENHO
R0 L0 Lz,
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I ; \ PR (BH) Al
e e —> AR
i PAVT 4R —eD> AT TV
Or ]
PRI (B T bt
@ DA R
@ Gk E] s rmmrs
‘ D CAH UK
B/ KT
(a) #%OD
I A Fi e
O

@
‘@ G Chtk L. D&KL

(Eith)
BZr7k L.
(b) #¥©
U%/lv\e Fapfi o)
HEpH
S RC
@G E
‘@ G CHOKL DAL
(EMh)
BZr7k L.
(O =<6)

Fig.2 /KEEBEREDZIE A 29 5 72 3D O /K B RE V- ifi [
() #EO , (b) FEO , (o) FXO
Hydraulic function plan
(a) Enterprise @ , (b) Enterprise @ , (c) Enterprise &

EL49.88 EL49.88

PR - £ QOHWl-ﬁ'rg_- 80

FL43.88  Ell487 I LWL47.415

R ﬁ ————— ke
e

EL44.51 7
N 5
P EL41.18 l\

@ FH (b) %@

Fig.3 C MUk Lotk
(@) %O, (b) FEO
Structure of wasteway C

(a) Enterprise @ , (b) Enterprise @
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BAKI (K% HEH) A=A 2011/10/21, 2012/2/23 (FK4&:Bh)

MERE R T (&R
FriEHh
4 % i FE‘?%" \
:E.. B L _t;J:Il:. N
ARERASENEST OWO (RyFa—F 00)

EEE ATiHBE I -
F—kest ASAFHF—k(S5vo) x 3/ BEFIE h R HHZEICTRERIRE

i 2: (ER)F%H. (BF)GHE 2K 6: 4(EFHF)

ZHIEE AE-PHER

MR R (E(CF —FEXR)

NEBERKLY. BFh. ARAEBEFOFELLLREIRL NN,

KRB IURELE

AAKI LR ERAKEE
ST TR (FRR4R) B UKALEr, (GE#R) AR KELE

F—bERAIORMBKR

30cmil ERERESN THY . MERF QKA CRELE) (S OV TILRELLY,

F—rRE

EF—20H. 5F— (RIKT—R 2. Bk7—ME XEERRER

TR OKGEMEED)

GER: ERLTPRFIKT—FEEALTLA, TRALOD
ELWEIBMNRLNIEMND, BEBUKT—FOERICEIVEAT,
BIshBERSN-BEHY. REOKEAEHHE30cm~50cmIBE .
FRRER: PREEMETISEEFVICEY. KA EFT 578, KihEIC
BLEFLTL S, MGBHRITOVTHLRR.

AREDRES

HRIEICTERKMEERET 5. 1120, EERLBICRERITIFFEYIZERY,
8 E(F5K (back water) RFEEL, ERAKEATREIESBEThHY.,

H-Q (K {i-iE &) M REdh 4R

F—bETROKEEE, ETROKELREHEEROEEZZTTVVENED
EBbN B0, KDKI () Ik AH-QMEREMBOERILTTRETH D,

Fig.4 (1)

B K TIZI5 (T DK BEERERZ W 0 LT (FED A3 i)

Diagnosis chart of hydraulic function in division work B (non-irrigation period)
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FEOHEA XL, UTFISRTEBY,
MM REMEMYBRICETL,

A3
— 2/
= FmM(&mMLs)
£MH

(1) AKER
CERBOREERERL.
g—ggm#ﬁl:ﬁ:ﬁ'
sl G / S Y At
4 4 HRMBELGHAIE,
! | RTIEIC & D E TR
A= ATHS.
tmn
EEH
FEHE (EREYTHRELE)
— =
HEAR
TR (FE345)
(2) HekEE “HKE. F—FEfELTE
L\o
GBI/ ATSAVE
{o—
dDifk F
BiglE. FKITRND.
PR cRaR 0o L ERBI(E. AKEEIS
4 . aatt T. GRRTER 12T HE
gi@ﬁ; FO I
C A= B .
CHBORBASLNS
4 n S &l2it. CROKTI=Txt
£ 675,
TEE (LREYTRELZO) Pk FRIBNTH,
Bk D ETRBIE S
.EE%O
— FAKEER, HKEBLLIC, TZFEFYICELHELFEKARELLTIIF
ERHIMERES 2D, 4B, BRKI~ORB KR, AKE
BIZBTHANBRICE>THEEShS,
‘B4 /K T ~CHK I (0.5kmEf]) Tl BKBE—EKBIZ#HTT2ED
TOfh BEEE

BOLOEREBEASLIUIIHYSICEALKEAZEHNELTLEEETALH D

SKTEREYTFHELS GBEE ALY TRELS

Fig4 (2)

B 707K LTI 1F 2 /K BEERE I U L7 GED A3

Diagnosis chart of hydraulic function in division work B (non-irrigation period)
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B BAAKEEDN D RA T T A NCBATT DKEE S AT LD HOK TUUEZ B 5 K EREE RE 2 17

#AER 2012/7/18 (K% :Kh)

B4 /KT (K4 HE#R)

13
DKITHREYLRELE

(hzi&=)
P TE

’a i'-

OROMH (ZyFa—F O0)

TEE

ALHERE

MBI B34

F—rER

AZAE 7=k (59oK) x3M

BEFIE ch R EHEICTERIEE

p3

2: (ER)FRR. (BF)GEHE

K 6:4(EFE-BF)

PHEE

RE-ZHER

MR (XIS —FERR)

SMRERELY. K HAREFOELL SRS G,

R BAELVREMLE

ST EFR: BRIKEE
KT T (FER) BIRUKAIE . (GRER) E A KELE

7=k LRBIDORBIKE

30cmiA ERERENTHY. AEFOKEL RELRE) 2DV TIEREELL.

y— B

ER—2R01.5m)  BE— (#K7—F) 2. (BUKY—H)04m

iR OKERHEST)

GBfE THEYLREL

GEpi: 2012/2/23 M BEMEMYKBRERRIC. ELLNEIIBA RN . Bk
HF—tHHLUETA0cmBEOKEZSNBERINT,
HKEOKBIZB TS KEEHEIT12cmIBETH 1=,

Fr . AEYHE. AHKIERT, — 85 KEELLTWV 28, FlKF—+E
BT A REMELZ,
HE.BAKIFTROKEEBZINHTICEELEMNEL. CRKIOREERNM
LTV, BBERRITEES>TULVEL, (BRHER)

GEMRIZHITH/KEEE)

XEERCRHROKELEEE L. 30 BEED
EHETHB.

FEME: GO ISTHIBIFELCTIVGL, Ffz, KEEE L.

chBE R oR (T (BT S B R) 1ICHH T LEHERL-.

KL OREMY

HRIEIC T ERKEIEFREL TSI LETERL =,

H-Q K- &) tEREHA R

F—bLTROKEE, ETFROKETZHBEROZEER T TVELED
ER NS, R KT (M) ICEEH- QI REEHRDIERKILTTRETH D,

HlA

FKEE, SKkEBELIZ, TIFFVICEIELTFEKRLARELZ TR,
LR AREST RS, (GBI, KIBREAEZ T B2 /KT _2012/2/23868)

Fig5 (1)

B 437K TIZ351T DK BB RERZ W 0 LT (DA

Diagnosis chart of hydraulic function in division work B (irrigation period)
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FEEEAIZHT=>TIL. ADCP (Acoustic Doppler Current Profiler) Z{# FHLT=,

-4

| ARRAGER
FRAAGEE—NR

. ’ KERNE | K [EOKERE NE | ORE |2uEsxa@|i@)x 100
AN B W | m | @ | e | e | e I
BHBINo. 1| Sk —k L 400 162 6.48 0.98 6.35 467 136.0|
&tRINo.2 FitiR 1.50 117 1.76 214 3.76 287 1309
f+HiNo.3 GHED 1.80 089 161 109 1.76 1.80 976
£BIN0.4 GHHR2 1,80 164 294 060 177 1.80 982
I3 FA(No.1)6.35m3/s. Fith (No.2-4) 552m3/s ( FiHi/FRA =87%)
MEHRINA BV TR RAAEF > TV Mozt FHRAIFEENEL,
K Kk LEE—EE
BEa STIKEE
HE =R
FadiR 6 7
GER 4 3
— SKEFERHERYTHY. AKERICEVTHELZL.,
L. AERE. LR0LBY, BAENRS F—HMILBERKEDEEITF
IZ&Y . FRBORENZ LTS EAREEhD,
CAELBER. ADKILRT, —BAKEFLLTL 20, LEHTEH SN
KR TlEHoH, hEMSOMFRIIBRERLAT . BEEREIL-PEELETD
MEMNHERTE,
0t BERIE

/ G# h ‘2 » b L
SKIEFHEVLS GHRBTHREYVLEL SKRTEYEREDE
Fig.5 (2) B4y AKTICHIT 2 KEHEEEDI A LT (DA 350 H)
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Diagnosis of Hydraulic Function for Wasteway Renewal in the Canal System
Shifting to Pipelines from Open Canals

FUJIYAMA So*, TARUYA Hiroyuki **and NAKADA Toru**

Sanyu Consultants Inc*
Hydraulic Engineering Division, Canal Systems**

Summary

In this study, for a local application of diagnosis procedure suggested by Taruya et al. for hydraulic and water
serviceability functions, the diagnosis of hydraulic function for wasteway renewal in the canal system shifting to
pipelines from open canals was performed, and obtained results are as follows. 1) The focus for diagnosing in point
and line by arranging changes of hydraulic function in hydraulic plan could be grasped. 2) On the point diagnosis, the
diagnosis chart based on results obtained by field survey and facility manager interview revealed hydraulic problems.
3) On the line diagnosis, TM/TC database was available for quantitative evaluation of wasteway C renewal. 4) Based
on diagnosis results of hydraulic function for point and line, we could consider countermeasures for hydraulic
problems.

Key words : canal system, diagnosis of functions, hydraulic function, open canal, pipeline
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FAZEREE LTS, 2T, BRSO T—% %2 W THl
TEOTIERENERE L, ZOfREHIZ, BIEDT )
BIITENE OBMRIZER LT NAMENZ0T 5 2
Ll Liz,

FLT, @Bz TRILE 10 20T — X 2T
Bk (10 44%) o9 1B D ERE L, £ EBTEORE
TIDOHHRER & 32 Z L2k - T, F7 1A ) Ok
FelE &9 5 Z Ll Lz,

HARN 72 KX, OB TH S,

2.1 FHARBEEINDEFRERDREHE
2.1.1 FHEETH~NOZEZAIOEANEH
Table 1 (%, EH O HARITEI~ORBHERIZONT
ikam L I AFATRERBEERTTE DO a6, BN & 2 DBl
HZEHRAZ DWW TR L7 ER oy 2 hi - B L2 b D TH
Do

BEAERIZE ClX, %07 HAHETE~DOREER L L
T, Table 1 OFEERMIR LI BERZEXF WD, &
7o, HRBERNORALEOMR & LT, SUHESEMIOR
LIS B AT T D, £ LT, BaiHEMI R L7
FABEAK K P 0D FEft AT M55 A 3 BN 25 4502 U C IR A0 #r
21TV, OBLUTATRLTE, MEHICAEE CTH - 7=l
BE () %, 97 1R TEN~ D REREER O3 B 25 % &
LTW%, 22T, AR Lo B2 80E, Bl
BN B RLAVUZ IS & iy, B rTRE NG 2N &
WO NEI B RAVEBIIES LTINS b O TH D Z &
D, LLFARBTIEEN O ZBIER LR 12T 5,

Table 1 OFBERME RS &, RUH&EEZELLND
BESIR S, ] 2 3HES: (2006) TITEEEAN O BN, BE
% (2007) CIIMSMRVE M, % (2008) TIFEHE OH:
EMBENE L, R 4HTRASN T DEERH D,
T, BINEEME RS &, FUER, B3R5,
JBESE (2007) CIXETEHIBL, A1 (2009) CIXEFEME &,
Wp 5 BERNOBINEHE LTHO LA T LA
Hob,

Z ZCARTIE, BHENIEIC T D B R 4 RO
BTH, WY EBZLND4R1EMT T Table 1 DXy
MR Uie, 7o, SREBEROBIIESE, XM & Xt
B S THUZE SR BB LT,

2.1.2 HHhEBEEHDEEEHR

B O(1992) X, FTE IR Z R o TV D A A HLE
THERIIEEL IFETH06, AT 2ERETT
JTHAFA /TN T 5 Z LIXTE RN ERRTND, Z
D E~OXRUZE L CTERH (1998) 1%, E7 /VNOER
X, BT U DS BLEO T O & Ol )~ b BLE A& PR
LWbnE W) Egic k> GREIREN D LR T 5,

FRROBZFITHASNT, EOMMEI S I e %
PR 5 Z LY Th AT 5 &, EiE (2004)
1%, BAOBEENGEOEE, EARBUIME D SEH7R
IR~ L BB D H R BERIZEA LT ERBLL T
b, £z, BiF (2010) X, AW THW X O AetSiRA
OFET, EORIEL B8 R®WTIE L EEEL B
FTEMERTIEICRBI SN D LR TW\W 5,

ZOLHIZ, &E 2 >OMmE HYFE AR X DB,
(BXVE] WO SERLDIZENL LMD LI,
MHEEBRT HERZIA HOW B, £< ONZBRL TE
WRTWHIETHDH LB XD, T TARRTH, &-H2
SOME S IAMRREIERZD Z LT Lz,

Wiz, 2.1.1 i cit 7= L k50, Table 1 OREENFZE T,
MEINCHECH o e BB BNEKE LT D, 207
D, O CBUIAR AN L &5 LT 256, BIET
FZBWTHE TR TEHD, I T B 722 Btk
DRONR -T2 T ReDD, T E b T2 B
L U CAREY e DN N B IRNO T, EOEE BN
By r_REpoHWRELY, £ LT, Fmo&m
(1992) 2BRTNDZ EMBND LI, —DDHFSE -
FSCTH D T ENTE DB OHKICIE, BIENZRIRR
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Table 1 BLAENITEIC RIS 2 RRHEIA & £ OB AR
Influencing factors, observable variables and so on in reference papers

BETERIFSE JEEZE  (2006) JEEZE (2007) JBE: (2008) kAR (2008) kAR (2009)

PR EEID KD MK D L EATH) e [FEE)

. SHATED  EEAETY  EEBETY AN gkt
£ R 2 £ K L E K FE L YR L E VY
Wk ko %k EwEs BS ER]
NN HE 8o RMH FYS BE Y
P O o & o R MR OB MKE Y E BT
BoL M S 7 =" v 4
w0 e IS M *
A L i [ i N
e A L =y v v
K5 i e 5 5
(BN 2 %0 2 y”
EHD B O O O
I RO % O O
[T ©
RS EEIER (19902000 4F) %
S LT Y72 0 R R O
R Bk = O X
e RS 520 5 Wi o o
BHERGE =R O O O X
LREDOEMOMIE CFHEM, SER ) (@)
+ A A SR Fi e @)
B o
IEREFE R O O X O
HBEFLED R O
B R R Q9
Lo MEEEHEE R @)
R Rerith o % o
o R ORI x
T RS O SRR X
JEERCE BB B % i AR 3 O
JESERR B BT BT 5 SRR RO O O o9
BEFEAOIZED D 65 Ll EEF A0 0HE O X 9
DID FhEfE X N L) O S HELT)
Ji S i AR AL AL o) O 19 ATE20)
%\%@ %/gﬂ:ﬁ@ Aii—,zb Oii,zz) Oi’i—l(i)
Z Ot HiE AER
e g Q24
EIEOEE O
VR DNE T D IR TINTAT 0 36 [RS8 o S S il @) O
KHED AT o 0 O 0 oF®
V= NIBREHRIL Y — > b« % B X L OFRETD O
e F oy BRI Y — p L ey B X LOERETD O
E SV PR b N L 00 A I 0

#1) ERbPoLE (O, A, X) OBREIKOLEED,
O W7t 0% KETHEEZDHY, A SHALEO—HR D7 &b 10%KETHEEDHY, X 0% KETHEZERL
) PRSI A F =1, YK RS B &2 FEE =0
) APEKKEEE T2 NHE L CEm=3, BFOHHE L CEM=2, £% & L i3EER=1, FEEE=0)
F4) HPEKEEREZ T2 08 & L CHEi=4, BFEOARM&E L CEm=3, EHL CHEii=2, £% L L TIEEM=1, FHEEH=0)
) 2 ODZER (ZEH L B - Kk - BRERRAE Lot EEIC THRD fLA T\ D=1, B HLA TWLRWN=0], 255 2 BhE, MK, 47E
B fiisk 22D T TR HE=2, BEOANE=1, EFHM=0] 2L THOLNLMHE, T2 1%, WETRRBUKED A
REEE TH19 R 2 D72 SR FE D Z &M EXROmB Y lA—EER] Z26M) 2R+ L TR LND IR, 2T (2008) i
S HBRAETV V2 HOTOW LTS DT, =2 Cldkk LA o w25z
1 6) VNG ENA Ehi=1, EENEFEIGE A2 RER=—1, T — 1%, FEIREBBUKEDEMNEEGE TH19 k2SR <BMNF 5 D
) EXROB SR A
7 55 EEOITIENNZDEENBRT HBM I N — 7 OITEERICEE % 5 T 588 (T, 2008)
1 8) EHENOLHFIROSERM A, Bl Mk, REEEECXS L 3 207 v —7 ORISR A2 VTR T
H9) T (2009) 1%, AMEEREOEEZEL L2 o0BHT MEROBREMEZEXT LW IEAZ L D) LR TN D,
1 10) BB AT HEMMR 5 LT D%, 5 SOHEF GERE, BRIEE, HERE, 1 EIEE, 2 iR ofpktss

M TRIFa%
1) R D RRx RERD LIRS TV D e, 5 OB GERE, BHEZR, HERE, 1HRRE, 2 iRR) O
ZHWTERT

H12) EREEZHRT D RFOREHFEN 0 LT D 0%, REBHHIEE TRy L 7 20 7 /00— 7 ORI E2 AW TR IR
1 13) B ER 2 R EHIEOBZ N DR SN TV L 0%, REPHHITEE CTXy L 7 20 7 /0 —7 ORI REZ AW TR T
H14) 4X5r (3043 LLF, 3045 ~1HeI LA, 1~15 KE#ILIN, 15 EEMELE) @9 6B 1~15 REUINIZAEEZH Y
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(Tablel #)
Table 1 continued

H15) 2 X4 (3043 LAN, LEEFEILLE) TWIFhbAEEDHD

1 16) 3258 (4% 1 : DID BEREAS 130 /3AK0i=2, 30~604r=1, 60 /LA =0, 2% 2 : [EMBIENS TRy #ig=3, -IFik=2,
k=1, (L AHE=0), A% 3 ETEREN [Eim=2, HIm=1, BIE - BE=0) OFHETH D [SriaeRT2%) (EH

2 X453 (30 4y A, 30 73 LA L)
4 X5y (ERTRY ML,
4 X5y (ERTIRY ML,
3 X5y (ERTR ML,
45y (GBAE, 18R,
2 X5y GBAE, #JE)
6 X5 (CFEF, Zih,
8 X5y (AL, B,

*17)
¥ 18)
7 19)
1 20)
T 21)
1 22)
1 23)
¥ 24)

HBE, BE) O LERIAEEDLY

R, AREE,

£ 26) 47258 (FHEOFEIZRE, MK OFHEFLE,

g, A, (Ui ) o 5 BESTTRY MR & PR HIBIIA EESH Y
e, R, L) o 5 BRI A EES Y
HFHIE, O+ (L ) o 5 BETTRIHIBRIT A EEH Y

W, BER) O bAMIIAEED Y
Jek, SR, TR PE, ME, T

15 25) WHEEHRI Y — 3 v b« % v EX VOERE R T AL

A3 B R O BLERE,
1 27) 524 (RMRSEDRBRASHR, PEMELEAIHE, SR %

el O 1 ERSY
AR, AGHE « L3R4S, 480 - A2 M) D 1 RSy

H28) WIREARALY — 2 v b« XY EX LVOERBELBELE Y —v v L« Iy EXLVOER-BOREER

NHd,

Z ZTAHTIE, Table 1 DIBEFEREA I, RD 55
DIEEFNCHOWC, FHAMBEICRELZ 5255 %
SNHHBEZEILIZET, TROEMH-> THEEOEM -
B AN ERET B Z LI LT,

(1) BFEH

[ fm Gz & 91, B A OEATIC X 0 HERFEEL
W /o> TE T E Wb T WS, 22T, HERFEH~D
ZIMNEVL, BHEEBICRED L TEN D L AREARE ST
W% (R, 2003) OT, EfOLI b Tnd I &
i, BEOANOSLTEN WS- L2k Y, HERFEHEA~D
BINBEPNR- CEIZZEEZERTHLE VLD,

TDOZ LG, Table 1 DX THEEOHEL O
BHEO S S GePHy 1%, BHOENRITAHERET) O
AR D 1T Db EERD,

RS, MPENZWIEEER & L TIT O MR LA~
DELERRBIMERIIL L R DD T, BRIRE TEKE L
THNEAM LG HEHPTEEZONENLTH D,

(2 BRI F&Y EHhEER

IHE CHERFE NS, EROEFEEHA L b ([
A, 2003), £/ bR LEERY, BMEEFZEN»S 1 AN
EREINTWD, LT, REMEPITOILTV DR
TIE, Figl IR L&Y, HERREBKBIER & OH
[ZFRWIEDAHBARAR (FHBIfRE r=0.939) M R.6N D, Z
2T, Fig.l OHEAIINREBOEE RO T, iz @i
HifAE & s &, BE LY BB mEL, ZhE
THEIE 1 ADHERFE H 2 > T & FBKBIERE R B
Bl b B2 D,

IO D, Table 1 ORI THEEOAPERSE] ©
BHZEHO > B TBFE 1 FY -0 REHHhmEE 2 5Iom
oL, TEE 1 ALY BHEA X, £EOEN
7295 ARSI DIREARD 1 21272 b LB 2 D,

R, BFE LY B EEREAKEVIEES
FLADHERFEELZ ) BIKBRIERITEL 25 DT, &M
RETHEELELTHNWZ2EBLED NERLT EEZD
NHNETHD,

2F, BHMEEATE AWZEEE, £ OBKKIE

10,000

r=0.939

K 5000 -

&»
2

0

0 25,000 50,000

ol A (ha)

) EBE, BRMOKPER (2012b) 12XS X, AANETH L ALl
W, K - [ - BTSSRI KOS RITEE) 3 O EiER
ROV A RV, ALIFROT — & & D TERR LT,

Fig.1 PRESHIRIT IS 2 JAF I o> B A TR R & TR T 52 BH /K

SER & OBAfR (2011 4R )

Relationship between the area of paddy fields with canal maintenance
activities and the length of canals in each prefecture (2011 fiscal year)

EOT—HAMAFTERNSTZDTHD, -, Lo
MeeE Hr AL 12X, fhoBE%ITE - THHE (H17E)
LCWAHEHENEENTWVD ZEICHERLETH D,

Q) BRZE

I Cilk_72 X 912, IREEOHEITIC L 0 HERFE B
WEEHZ 2> TX L WbhTWS, 2L, ERDEZED
FIEBWo T2 Z ST LY, HEFRFEEA~OBMBFN - TE
I EEBEWT VRS,

ZDOZ LD, Tablel DRIN T O R M)
OBRZEH D> [FERFER] 2EICHRFT DL, TRF
BT DD REFHOEEG ] CITF ERE) E\n)H,) I,
EIEDOE N 725 AR OB O 1 oIZh D LB 2
Do

RERD, BRFRIRE LA LB AT
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52 Ik o TR EIEIIRE L, HHARITEIZT 5 A
vREVT 4 TIEREVEWDRTTWD (RS, 2007) OT
BPHSEIC L > TREND BT HAMREENNFE LT
b, BERNEWIEEF HARITEE T4 T 4T
MDREVEROFEIENEL 720, B CHEREE LT
NEBMLBELNEEOTLEEZLNDLINDLTH D,

4) EROEHLE

[ iR Cak 7z L 2 1e, Ml ks OMATIC X 0 MEREEL
W Z /e TE LWV TW5, Eiimb &1, 65 Ll L
DOEMHENDDOEENZNZ L THD (FWS, 2003),
L7=oTC, FRRO LI TS Z &, %D 65
LA EA O OBEEREEZ 122 LIC LY, MEREELA~D BN
EWNRESTELZEEZBRT D ENVZD,

ZDZ NG, Tablel DX THEE ORI FE M)
OBMZERD S B [EFAOIZED S 65 Ll EEF A0
OEIE] (BLF TRFEoERm bR L)) ik, EH0E
#7297 NEMRE S DFREEER D 1 DIl Db B2 D,

R D, W IR I e CHERRE B EE A~ DB
BEELNZ BB EnbhTnd (KR, 2011) ©T
BT NAMRENRR U ThH, BEOESREESEIE
CHNERITEE TS 2 EREE LWEROEEREL 2
D, BRIRECHEEL LTHNEAHELEDS HEEL T &
EZLNDNETHD,

(5) HFEEH

Table 1 DX [EED Y — v b« R X L] D
BERD S B TFAEE X, £EOHEMN 2T a6
T ORISR D 1 DI D L BER D,

WD, FEEITH I & THEEBBRBOMRITE F
D, ELEOKETENIRZ IR D bl g (2,
2008) DT, BHRITIAMENNRFEL TS, FEEEN
2\ NE EHFTTEIO 10T D HERFEEEA~O(ER OB
B0, BRRIECTEEDOT N EZAE LSS &R
TEEZLNDINLTH D,

2.2 HHEBEGEHADOATERE

2.2.1 BEEROT—E2E2ERNINT HHE

KBTI, 2 1L2HTRLES SOBEEKDH L, &
B 72597 TAMRE D OFREATH HR B L OEFE 1
W= 0 B EREO T — & & ER oL, o 1
FRR R E, AN RET 512 OF i R
[ 7257 HAMRES) OfEE LT,

FERIC, ERRBE I OIEAEBCTH D RER, BEOR
WL, FERBOT —XZ2FERS0 L, BFohizH 1
FR TR E, F AN ERET 5 12 O 7222 il
VL7255 HARE ) OfEE LT,

222 ERTEZT—4

AR TITEE DT I AHEEN 2] > O T, BIEICHAT
HF =2, HBEENOT —F Th D 2010 IR E
TP R ERERE T — R (BLT 12010 4R R 3EEE T — R
LWn9,) OF—FE LT,

2010 AR EEAEVE D — NI, oot R EsER 2T

&5 2010 TR EE Y T A & FEh LT R ROKEES K
EEEREHERN S, —MEE NERTEHH SR T — 2 O
AT T, REE - EAT LTV D, RS (2012)
W EAUE, R — RiX, 2010 SRR U 20 L
P HEIRE A & AR R E R O FIA RS R F K OB AR
DREZERIE T — N7 — 5 %, B OMIBHSITBT 5 5o
DAL TH D EEEL BB LD TH D, %
LT, £EOK 11 FEEZEOT — 23, 2012411 A b —
BIZHEM SN TV D,

RB— R&EfES &, 2.2.3 Hi TR EFIEHE DL D
T, REOEFIZONT, HICHET LT —X
ZRRHTAHZENTEDLAY Y M3dh b,

2010 AF B 3EAE V) — RO, BAZR 95 TR EE ) OFE
2H TREOGE R (BFEABICED 2 65 MLl LEFE
ANOOEIE) | ORHICHER TRFEANN] B, BEFET
R IRBEZ ERNBIIRENT NS, 2D, KRT
1%, EROIEESOREIEEA K E LT GEEFEAO
W% 65 bl EIRGEEFEA D OEIG ] ZHNnWD 2 L L
L, UTFInz EROGEE) LS, £72, 202
L LEG R L DT, BEINSRE) OFEIEEEL [BEEER (R
FEIZED D EEFEOFIE) ) 1Zo0Th, REREEE
e LT, BBl 5 2 IRGEEF T OEIA) & v
HZEll, UUFIhE TEFR) LIS, 0B, WEE
3, IFEEE & BB ZRICR S ST b (BHMOKES,
2010a),

2010 4R R3EAEVE 7 — RCIE, PRI TRE 1 74720
B A ORI TEtHmfE) & LT, (2
EAEEORSBEOMAIC S X, BEEKOHHENICH D
R 2 B & Blo 7oAl (BB, 2012) 2VREh
TW5b, LoL, FRA—RIZBITH 1EERYT-D OMESR
B, BE»LEE T E TRERENHHOT, BMHE
RO EEEEICORERENDD EEZ, T TAR
WL, FRoBHBmEOT — XA T, Ak B
PR (EMAKEEE, 20120) 123U T A AR BT
DL E SN TWD, BEHOKES O THE R OYER R AT
1 GEMOKEEE, 2011a) OF—Z ZHWDH Z &L,

BARMIIE, TR OERm AR ) CIEmimT AT BLAL
DF—=BIPRENTNDHDT, KEENET ST O
[HRH A ORI FERE T oo Mgk AL 12, &4E% o 12010
PRI — FOREHAmERE (KRR ) &, %
SEVEN RS DR O 12010 4E R M o 2 OfRE
B (RFEEZR) ) (BMOKES, 2012d) & ok
ARNTC, REFROBHAmEL Lz,

FRICBWTREZ TERIREREDT — X 2 WV
ToERE Y, TRTRS O 12010 FHEFUEME R oY 2 ORE
HIMmEE RESF) ] DMARINTHRNZDTHD,

2.2.3 EHEE

AP TITFEFIEL L LT, OWRERNICH H4EW, Th
ST, 2010 FEREEEE D — ROT—2 0, @KHEHY - A
Pk dH v - MHETELS, @IEAET —H 7L, @i
2L, &) SRMEi- 9 842 HEyE 2% LTz,
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OOEMEEZT BRI, (WERIE, 2R o Bu
FESRAFIRC A7, BB ERTDS 2 67, *FRBAKBIER A
AR THD (EMAKER, 2012h) Z L2, A THp) L
T HKHEAORYKEED & D HEED, ZHATATH LB %
72 Th D,

QDOGAZ T T2 BRI, AR TR HE O AR %
WHT=DTH D,

®DENE A2 FT I2FHIZ OV T, 2010 £ AR — R
T, HAIC Lo TRELAEZ1T> TV 5 (R,
2012), & Z°C, FHHAMEIOMNEICLE LT COT
— B EZ DT, AR OF RIS E 2T — 2 PRI
RE > TODERIT, 540 E LT,

@DOEAHE R F =R IZHOWT, ARFTHWE 2555
Wri, ZEOMBERROEHRE TN I L TEEE AL
TLHETHD (Ziw, 2007), 7z, MARBERKITSME
WCRELSEEIND (UNE, 2007), LE=2->T, 4E
NI D LR ER A INTRET bihvb, £ 2T, fREA
BUSMVIED & HEEIL, x5 E Lz,

AAUEDEFIZ OV T, R THWFEHRIT Y 7 h o
=7 (IBM SPSS Statistics 20) i, & 1A ED B
VUi dtiPe (55 1 DAL R & 55 3 DU D)) @ 1.5 f%
LS BEOT—4%, B3LOE 3 WOALR LY & IUSAL
PO 15 5L EREREOT — 2 %, i s
LTwW5b (NHE, 2007), A TIEIICHEST,

2.3 FHEEREN DM DI A

2.3.1 BEDOFHEHEEHDRIE - 2
L U®OIZ, 2010 FREEE I — FOT—2 2T,

2.2 1fi TR Lc HIEIZ L Y, 95 & L7z 842 4295 D 2010
EBUE DR - B9 JIAHRE) &2 WIE LT,

ME L9 et g, 2.2.1 SR~ ek0 1k
DRI DT, BT —XThD, B 2RILT —F DYy
FrizB W, @ERIIIT DI D DI AR OER TH 5
EWbitTng (P - R, 1991), £ZTARHTS,
BN B 2297 J1EHRRE S L B Re I O BfR &, WA
ZHWTHONT LTz, ZDR, 97 A THE & OBRIRICEH
LCHtrT 57z, FIEMITEIZ LTV 54E%, LT
TRVRIRIT 3T TofT LT,

WIZ, EROSHTHE RA T, WE Ly - By
TEFREES O 2 JEHEC LT, HHIER A 4 DI T
Y=y, BTV T 2D L S, E
7 —2 OERE R H100E, 7 aAzZRHnbng, 7o
AFIE, RO LD 72, HSPHEOKERITTIEE DO T
K<HWBENDFHIETHD, EnbiiTung (- 1R,
1991), ZZTAWTY, Z7aAREZMANT, &N - EW
7297 JTBFHRES) & 5 A TEN & ORRE AT LT,

DT, SHAMERENNED L S RMRREDR, 97
NEMATEZ LT RWER D 3200k, TR A%
Hefbikma MW Toi L, TEE R, 7 e
AFD E DR NVHFEN D 5 ODEHERT L HETHD
(H#E, 2009), 7=, M71AHATEIZ LT ER)

% 21575 (2014)

W& B U728, FAAMREN R ED X o 2 REDREC
FAETE A2 L CW R WER N WO IR,
D XD REFE TR, BEHS U CHIARITEE T 5
T2ODLEREBRNT DL LN TEDLEEZ NS TH
2o

2.3.2 FEROFHEBEEADAES & UHREEED ST

HEMZ LD T L7 10 5% (2020 ) OF —H &
T, 22 1HCRLULEFIEICLY, FHE Lz 842 75D
ke (2020 4Rs ) D&M - B9 HAMRED ZMIE L
72

10 % DOF — X%, Gt (2004) 2SHINC & 2 padetEx
B~ a7eT Ve flio Tl Lz FIEICHER L, 2010
AEEREEARTE ) — NI STV D 2010 4E & 2000 4E DT
— & % T, 2010 AEOfE I HEIEEE (2010 4E /2000 4E
Ofl) Z=HNT B HIETEEB LT, OB, #lxiE, HHL
TR EEZENRF A B Z RN L 90T 5%, KB IENIE
BIRM 7B & 22 B2 K D ITHIE Lz, 7o, feiEgsho
2B [FAEE] 12OV T, 2000 DT —# 75 2010 4F
PRV ) — PIZHHE S LTV 8, 2000 SRR
N AP T — ROT— 2 & =,

Z LT, ko &M - B 7297 AR O VEfE %
HIZ LT, FHEEED S HEUEILY HAaTEE LT\
EE, 23 1HiERERICH T TV =200 T2,

Z0 ET, BEENREOH NEHENTEENDI I T
TY—&, FEROBNTEENDI T IV —L %, BIED
RESDHTHFERIZIE DN TLE - 2T+ 5Z L2k - T,
55 JVAFRRE 1) Dfkige Ik 2 3 L 7=,

I #EREEE

3.1 BEOFAHAEENDAERER

Table 212, HfE (2010 %) 57 /1 EHREES O ERs =
R,

Table 2 DXGHHD 5 LERMSAMEIL, JLE o7k
e Fy EOBROME 2K L, HixHEss 0.3 720 L 0.4
PLE&IuE, FRZEpkmiost L THEBRL TV A & RLThn
72459 L& RNTWD (ZHf, 2007), Table 2 ® sy Afnf
BOMAE R &, B e/ N OFREEAEUTEZ 3# (0.466)
Thb, TOMIX04LEHDHDOT, JLE7R>725O2DOE
i, Wb EN - B 5 TAHEE I OREICER L
TWD T2 ERTED,

WA, EROT AR RO 5% WD & A IE (0.745),

Table 2 BITE (2010 4F) %71 AHAE ) O ERE
Results of measuring the ability to maintain in 2010
X4y IRl fiE
B Ty AR 0.745
R AE ) AR RBFLFYY R g 0.745
FhHR 55.4%
L, REER 0.466
T R T 0.730
97 A tRE FreEk 0.641
wER 38.7%
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BE 1 PN B EHEES A (-0.745), EEENIE
(0.466), mFEoOEmEMLENE (-0.730), FHBEIENE
(0.641) THoT=, ZDOZ EiE, 2.1.2 HiTlR~= A
BB NEE, BWRSIAREIEZECT), BELF
Wiz v BHUHERE A R EWVIEE, B0 HAERED &
59, BFRAGEVIZE, BNR5 AR Z2 e
T, TEROERERPEVIEE, By ek %
WoT), TFEEENRZVNELE, BErYeT7 AR 41
RF) EWIHRERE, ThENEALTND,

Table 2 ODRIMD 5 BLEFEEIZ, JT& 2o T-EBHIFS
OEROFERD 5B, BiLFERTIC L > TTEIDHH SN
LT LR DNERERT DMETH D, Fio, EHEE 60%°
T0%FRE & L CBITIEHoERICHT 25T, i
F—F DX ) RMEMEL RV BB T — & TIIARES
Koz, T2 ORHEICADETIET ORI NWEA
I, L&a&nTWDE (=8, 2007), ZOZEND, ART
WH T =AW T —Z 0T, FROEHEL Y HIK
WIZRD &, BT HAHEOFEF (55.4%) 1I5E
M T 5L~ v Thy, By A oFE3%
(38.7%) 1TRREYy, LT A ENTED,

3.2 BEOFAAEEADIIER

3.2.1 BEOHHEEEHEFHEBTEEDOER
Fig.2 1%, F#ilE L7z 842 £ 5 b7 JAHRITEHZ L
T D 802 EVRICOWT, HEZ B 7297 AMAES),
T BRI W EHEE N 2 & > - BRI, 3.1 HEoHIE
FERERRLIZBOTH D, REKIC Figd i, 5 1A#ET
iz L TR0 40 E£EIZHOWT, HIERREZFERLED
DTH D,

22T, ERo [BhAaMITEZ LT 54E%, LT
TRVETE) ORNTIE, 2010 HEEETE I — FOFIAIEE
M AHEK IR 2R LT 5, LTy 2V,
FREEOFE AV ST 2010 R Y2
BRI A B (REERA) (BMOkES, 20100) T
1E, BEEMAPKEIL EEOITLELCH D EEH O
K& L PR THD LTSN TWD, £z, RaIETE
HEEFOILFEERE LT, TOMRE, HF, mEezX57z
O, HIlERBFERE 2> TRVMHTITE) ThoT, [H
C.ORMNEAEEEOT-OIZ, #RFEHOLEITo TS
BAERL ] LHPEN TS, 708, 2010 4EH Rk
T R LA R A D% B & 7o T2 42[E 139,176 5
O, TEERARYKEOH 5 EIEETE) 13 126,132 £3%
ThoT, FDOHIH MEELTWBER] 12 73.1%I2HY
T5 92,162 % L ST\ 5 (EMKES, 2011b),
Fig2 2L, &R TR0 O IRIC A6
L, BEM72e9 AMEEN N 2 5 MR RESI AN A1
H, T2bbADERAH D ZENRTENDS, IO
1%, Fig3lZBW\WT—BBEIZ TR,

Zokol, BRI IARREDO [EIK) SERRRE
o TEIK) & OMCAORER LR, £, OBk
OREIZIE, FHAMRTEE [LTHhAEE, LT
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Fig.2 & - By haeehosdmx (5 hafir#a LT
V% 802 FE¥, 2010 4F)

Scatter diagram of the quantitative/qualitative ability to maintain (802

rural communities with maintenance activity, 2010)
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Scatter diagram of the quantitative/qualitative ability to maintain (40

rural communities without maintenance activity, 2010)

T CLDEORHDLLIICALNT,

T TWRIC, BHUEEE, BN IAHEE ) OENR
BMEL D HEOMEWD, BHREETI O TFIIEL Y b
BODMEDNZE - T, ERERENZRESN TEW, K
W, BRREESIR TR, RV EWH AT T Y —IT5y
Fie, 22T, &Y - BRI OMEITERSER TH-
T, AP CTHERLLET -2 2HNTHEHBL TS D
T, TOFEEIZ0OTHD, £z, EN - ERRES OfE
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DOEEME & LWL, TEW) 73U —IC&DT,

LT, MHERSICT S0, LUFAHRTIE, &
B haREON T Y —nE bz @y I8 %
NAEED I N—T% [E 1 7 —7"], BIRREN N T
W IDBEZRRESIY TR ICEEN LD T —T
SN A—7), &N - BWREEINE BT K
WCEENDHEEDOIN—T% [FENTNV—T|, ENHE
Ty TE ) DOBEREEN D TR ICE ENDHEED
TN—"T% [ENITNV—T| LRI LT 5, 70k,
FHNCEB T, 1 70— F L I1dFig2, Figl3 OF 1
GIRICEENDEEZERL, tho 7L —T7LREETH
D,

AREITIE 3 SOEH (&M 7297 I AMARES), B 78HE
S IAEITE) 2V O DT, HIFIHNG 7 v 2R
SEI/BARE L, 3 HZ v ARL, HHIEHKOL T2
U=k, BHEO2EHNEIRD 7 a AKENEILZ Y
DThD, £, WEILEHIE, ZEHEOBIROZEM 25T
B HT-OICEAT LA THY OKR, 2007), ZZT
X3 DDEHD 5 HLUWT I L OBFHIZEEIZ /2 5,

I fmCak~_7= X 212, FHAMENILI HamiTEicy
Brliz 5B ONERLOT, REITHE, &EA2HE
71, B RE ) & TN ENHIZESAZ LI B D0 Ty
B L7z,

Table3 &f72es7 JAHEE D& HH L72ha o, Eiledral
HEJ) & 97 JAATE & ORIfR (2010 4F)

Relationship between the qualitative ability to maintain and the

maintenance activities under the controlled quantitative ability to

maintain (2010)

IINTORER, Table 3 (TR L7-, AR EHEES %
HHIAEIC L2 3B rn ARICBWTC, BIREDN (&
W HES, BRYRREY) &9 1AM TEE ORI 10%H
OEF (1 2BED p i=0.084) NA.LIT,

[FIREIZ, Table 4 2ok L7z, M7 597 J1EHREES &
B LT3 E 7 1 ARITBWT, BRIARREN D KW
Laz, BRReS) & 95 D ARITE) & ORIC 10% A B O™
% (x*BED p E=0.075) RSN,

¥, FEROLIT, 3ODELED S L 1 OEFHIER
\Z LB, 8 2 SOEHOBFRO AT 3 hl 2 5o
BT IV —IZE > TRAEDZ X, ZEEH WO H
ETHSLNTWD (KM, 2010), £72, AROT—HIE,
BEREICHESLST—=ZTh-T, Wbwbr¥ 7Y 7
T = TIERND, BAEEBE L CONTT D oIciLfEt
HIRE DTt & NMEITR D L bl T s (35, 2007)
DT, FROBREEATST2bDThH D,

7 BARIZK DB OFER, ZHMICERRBEERRSH 5
LHEINTZ &, RIZ, THEEEHIERE bR =5
T2 T Z AT o 72,

AR EE AR S IE, T 0, AEYERZE 1 O IERL A
WERRIZHE D Z &AM b T D, ZOMWEND, £E%
D5 ITETITENC SV Toiam L 72 BEEIIZE (B 2 13k,
2008 ; #4°F, 2009) & [A U< AEAKMEE 10%IC LizHG

7297 hARE ) AR L= 5a o, Bry7eds ias
HEJ) & 97 IAATE & ORIfR (2010 4F)

Relationship between the quantitative ability to maintain and the
maintenance activities under the controlled qualitative ability to
maintain (2010)

Table 4

o 55 S A TH) [P 55 A HATE)
Eﬁ;gﬁfﬁ LTW% LTV &t ﬁ;;ﬁfﬁ LTW% LT it
o B K o B B
175 6 181 175 6 181
A (96.7%) (3.3%) (100.0%) A (96.7%) (3.3%) (100.0%)
(42.9%) (25.0%) (41.9%) (42.6%) (35.3%) (42.3%)
233 18 251 236 11 247
EU & (92.8%) (7.2%) (100.0%) AN G (95.5%) (45%) (100.0%)
= (57.1%) (75.0%) (58.1%) B (57.4%) (64.7%) (57.7%)
i 408 24 432 i 411 17 428
78 2 (94.4%) (5.6%) (100.0%) 7 5 (96.0%) (4.0%) (100.0%)
7 (100.0%) (100.0%) (100.0%) 73 (100.0%) (100.0%) (100.0%)
/Q 236 11 247 7%7 233 18 251
1 AR (95.5%) (4.5%) (100.0%) 1 B (92.8%) (7.2%) (100.0%)
[ (59.9%]) (68.8%]) (60.2%]) HE (59.6%]) [78.3%]) (60.6%)
7 158 5 163 73 158 5 163
iU i A (96.9%) (3.1%) (100.0%) oy B (96.9%) (3.1%) (100.0%)
(40.1%) (31.2%) (39.8%) (40.4%) (21.7%) (39.4%)
394 16 410 391 23 414
5 (96.1%) (3.9%) (100.0%) 2 (94.4%) (5.6%) (100.0%)
(100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%)
St 802 40 842 St 802 40 842
! (95.2%) (4.8%) (100.0%) ! (95.2%) (4.8%) (100.0%)

1) EROMSIMEOREITH N HREFKFTEFTROLEBY,
B AR EWIEE
X2l (B 1) =2.981, pfi=0.084 (<0.10)
Fisher O [E Bffe e O p i (Hif) =0.092 (<0.10)
B 725 AR BEWIES
x 2 (EEE 1) =0.503, pfi=0.478
Fisher O [H B e O p i (i) =0.606
W2 ERIZBNT, () NOETR T/ S—k 2, [ I AN
OEFIIII =% b, TNETNET,

1) EROMSIMEOREITH N HREFKFTEZTROLEBY,
B 72595 DEHHRE N RN E WIS
x 2 (B EE 1) =0.355, pfi=0.551
Fisher & [E R RE O p fE ([H18) =0.624
B 72 5 NAHEEN MRV S
X2l (B 1) =3.172, pfE=0.075 (<0.10)
Fisher O [ Bffe e O p il (Hif)) =0.082 (<0.10)
W2 ERIZBNT, () NOEFI T S—kr 2, [ ] A
DOEFIIIN A= &, ThENET,
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AL AL TR 75 DOFEIHE DS 1.65 LL_E DR /U1, FHMnY
BRI TCTHH EHRLTEL, ZOMEMBIED & Z Al
RCE#RBZ N ExRT b Tnd (WH,
2007), 2 Z°C, kRO 1.651%, ERSAE LV ENND,
10%H B R R OMEEHOME (2H) ThHD,

Table 5 (2, &M% AHRE ) 2 il 250 Lichs
D, EN7eRe) L 5 I AMATE) & O IR LR 2 A
R Uiz, Fiz, Table 6 12, By ) AMRET) &z
BT L7260, BIYREEN) & 95 1 EBATED & O R i
IR = 2 o LTz,

Table 5 %, HIEMITENZ [LCWeWEK) 15H
LCHRZE, HxHE? 1.65 LLEDSMENIETH D L,
BN N—T LT HEL (LT3) THDHIENSND,
[FERIZ Table 6 %, 7 /1EfATEIZ [LTWR0WER ) 12
AHLUTRD L, HoxHEy 1.65 LLESERETH L 2L
%, BN N—T L2735/ (1.78) THDHIZ &N
Mo,

IO NG, BN A—TIIE, HARTE A LT
WRWVEEHE ML D 7 L — TR TEDY, &0 S RS 5
HEWZD,

3.22 HHABETHET I LNTELLLEFHE

Table5 B 7257 )RR L 57 ) BHRATE) & ORI AT i

{bs%7 (2010 4)
Adjusted standardized residual between the qualitative ability to
maintain and the maintenance activities (2010)

. 95 I AHATE
T o o . i
iﬁé@f IA—F%  LTnhH LT
B g% £k
B B EIIA—T 1.73 173
gAY :
i g’a Ky BV L— -1.73 173
1 7
HE sz BV BIsA—7 071 071
RIS ‘
Ev BMIA—F 071 071

Table 6 &f7e57 I AHHRE ) & 95 JJAHRATE) & O P 5 A vE
{br%7 (2010 4)
Adjusted standardized residual between the quantitative ability to
maintain and the maintenance activities (2010)

BREN DR RIE

Ao Fig.2, Fig3 &5 &, &MA5 HEHHEE N Ok
IALE, 97 haITEIZ LTV A (Fig2) 23-2.7 F2E,
L CW2RWERE (Fig.3) MR-20BETH D, AR, B
RREN DFAKELL, Fig.2 A3-2.4 T2, Fig.3 73-2.1 FLE T
HD, ZOLHIT, FHAEBITHE L TWHERDFIZ,
B EHRm AN L bio, TRV EEDH D Z
EMGND,

IO ENG, TTETHEFIE LTE7 842 F£IFITHO0N
TV, AW ERFERIEN & 72> T 1A TE)
ETDHIEMTERL 2D, HIAMREN O TIRME) X
Boniw, ZOFEKO1-2LLTEZLLNDZ &, &
BIERIZIX, SMUVED B HEENE FNTWIRNT L TH
2o

T ZTAEITIE, AMUED B HEE L E D T AR
DI OFRREAES A AT L, L LCHaRITEE 352
ENTERL 72 HRFUE A fERT 5,

FARMIZIE, (XU DICoirct s & LT, 2010 42
AR T — PO LTBRO 4 2,406 FEHEOTN G, 2.2.3 i
THARIZFFIEFRORESAFD S H 4B L) Z5R<
3ODKMIZEET D, 2108 EEEEE L, D LT,
RBEFED 5 B NARITEEZ L T AEE, LT3R
LT NENUTONT, T IAEEET IO 5 DDA D
Be/AME - eREZTEE L7- (Table7), 7e38, EFo> 2,108
EIRITIL, CNETERE LTE8REFENTRCESE
b,

Table 7 DIEEFEEEMO S B TRFH) #R7h5E, ZD
e/ ME, 97 hABITEIEZ LTV D 2,003 8%, LT\
W 105 HEIEE B, 5 Tholz, BELOEITIC L v HE
BERAEEC 2> TEX Wb TS (K FER,
2013a) 23, RO EBYV AR TIE, J7AHEITEIEZ LT
WAL, LTWeWER LT, o R/MEITZZ D
59, HAIITEIZ 5 2 LN TE R RHBFEDOIR
il (/ME) ZReGEd 2 2 LIETEhodz,

ZDZLITONWT, 2010 FEFEER T — RTIE, 2.2.3
Hi T2 L1, —HOEEOT —Z IFARINLT W

i s %5 NJAATE) R .
%ﬁé/;;"zjjj TIN—T% LTW5h LTWnAawn W, £DT2, rl//ﬁ\\):'%(ﬁ‘ 5):'5'%7?!5@%‘7%(:}511\(, Bﬁﬁfﬁ
AfE K % NREIND DG LIV,
W g BLZVT7 060 060 Table 7 0 M5 177247 0 BH#IAGER) ORAfi% R
1) B WUZV—T 060 0.60 BL, BHERTEE LT ARVETE (175h) L0 b,
N g, e BNZwTT | A8 L78 TR E S (343ha) IFICBVTHHEHITIIZ
B Hm/A—7 178 178 LCOD 2 L 0hD, ABCH, MR 1470 B
Table 7 EIEZAH O Fe/ Ml - KA (2010 4F)
Minimum/Maximum value of the indicating variables (2010)
/ML e KA
FRR s g5 e TE A g5 e TE A g5 et TE A g3 e TE A
LT\ % 2,003 £ 7% L T 720 105 #9% LT\ % 2,003 £ 7% L T /el 105 4%
EYRE"'S 57 57 7,233 7 2,297 7
S LT 0 B R 0.016ha 0.044ha 34.3ha 17.5ha
JEFR 0.3% 0.1% 100% 90.0%
JEZR D @R 0.0% 0.0% 100% 57.1%
el 0 [A] 0 [ 99 [a] 99 [a]




26 ST TSR

RN RE VT E, ZIE 1 ADSHERFE EL A0 5 K IER
FEL 220, HHAMTEIZ T 5 2 EBREHC/R 5 & Tl
L7278, Z OFREERICHOWT S, SHARTEE2d 5
LN TE LR DIRIME (R KE) Z2MRTHZ LT T
ol

T EIZOWT, R TIEY HEAMITEIO X3
2010 4R 2EAEVE  — NOPRETE A [ AR L 4
LTW5g, LTV ZHWe, ZoXEEOHFHEIZ W
ST RAE . (FRAR/KpER, 2010b) TiX, REDOHNRIC
DWW STV, ZD72, 7 1ARITEIZ L
TWBEEDH B, BZIE 1 ADBHERFE EL A0 5 KB IER
DRI RV TlE, HEFFEERONAD B L ST
WAHDDE LIV,

Table 7 © [EF=] OF/MEE RS &, 57 181THE
ZLTWHEEN03%, LTWARWEEN01%THY,
JREFEN 03%% NHD LEK E LT A Tii% L
2D, LRTHENTED, 2O LI, RBE{ko
HEATIC K 0 MR E LR R C o TE T bl T g
(EMOKPES, 2013a) Z L LA LTS, LvL, 7EiX
02 KAV MITERVWDOT, FiofiRs b >T, BRI
B OR/ME) ZRERTHZ L TEET 52 L0, i)
ThHhA9,

Table 7 © TEFZOEMMLE] ORKEEZ LD E, 55
AMRITEIZ L CWHETEN 100%, L TWARNEEMN
57.1% TH Y, mEERN LY EWEE TH Y A ETE)
= LT,

IO EIZOWT, BIfEDLREICE 75 ML EE xSRI
L7z BERR R E N B D (RGBS, 2012) Z&hn®
2% &, BEREIRESCIR 15 O <95 TR TN X3 H
DR &0, 75 L 0 b EE S AR O D LR,

Table 7 @ [%&ER Of/MEEZ RS L, 57 AMIT
a2 L CWBAEE, LTOVARVERLELRELTOETHY,
FIEMITEZ T2 2 LN TE A AR D BAMHE  (GRe/IMi)
EHERTDHZ LIXTERD ST,

TDOZEIZONT, AT, FEEITH I L CHEENE
REDOFERNPEEY, ZNEEYIKTZ & TEEND TH
&) AL, EEOLFEITENIR S5 Ll T
(2008) (ZHEVy, Tablel TY — ¥/« v B X /LD
EEE ENTFAEEE AWz, —J, kU7 )
1%, V=% b oy X ILORHEO—> (Putham, 1993)
7RDT, RBEE TIXENLIORENRE NSO
Liv7auy,

22T, FEoRENOMmENSIEZ D L, JRERE
WZFR- CF X, F1AMEE) OFR A TR X 7
WOT, BEHOBENZ ERTERFIN & e o TH T AETE)
YD ENTERWERIIGFELRY, EVW) ZENRT
&5, Thbb, EEICHHABETEEL LTG0
BlE LT, REICHMrsg s Lz 2,108 £7%1%, E& L L
TH AT AT 571D LRSS HAERE A L
TG, &) ZENRTED,

3.23 ENVIL—TICEFHAETHEZLTLEVE

% 21575 (2014)

FEMNMBD T IL—TITHARTE WNER

B2 THITHRAT- LB, FHMEED b ERREEN D E
< BHIZRRE N DMEVETLE D 7 v — T EIV 7 v—7) 121,
T AMATENE L CWRWEEE RO 7L — IR T
2\, EWI R B o T,

I fmCak~_7= Xk 212, FHAMENILT HamiTEhicE
BEH2LEROLO>TH D, EDIOEIN 7 V—7"TIT,
BHIZRRE IO T &A%, 97 A TEN A L TR nEEYR
MEN EOHBETHDLONE Livewy, Lo, RLEK
B BE N DARVNVETT 7 0 — 7 TlE, BI7REE ) BIK
WIRNEIV I V—7 L1385 500, Hio Table 512
AL LB, BNAEEN ZFH Li2GGIs, Bk
L NEMITEN E ORICAERERBRIZA e hoTz, L
2o T, BRIREENMENZ &2 T, S RETE)
Z L TWARWEE RSN L OHEIZIEAR S0,

F ZTARBEITIE, BV L—FZi39 hAaEiTEI 2 LT
WRWETE DML D 7 L — I AR TR W A BT 5,

WAL (2012) (X, HAIAMITEI~OEEBHER O S 6, 7
HEHERE S L HAEERICIT B ER N L 5 2
LEEZLND, LRI TWD,

IO NG, KT Wo 7297 JIAHRET) D FEIEAE
BoPizix, HHARBRICLEEE 52 D2ERNRH -
T, TN EEZ® U CTH AT LY 5 2 -
B, BHAEITEZ L TR WEER N 2 =00 Ll
WV, ZIC, REITCIERHCET D R RY, I ARmERE
WO SR WL - ERE (2011) ICHEHLL T, HEEOE
EOF A ERDOTHE & 9 ERR TS,

S VARBEIC A 5 2 5 HEKIZE LT, L (2012)
I, BRI ISR T 2 BN KR E B a 5.2 5 b
WMARTWD, F, ZOBEHEE, (L (1990) OBz I
FHESNT, MIFITKIT DEHEARE T HRW T,
HESEFRICT DEARITEIZ L > T<NDTHAD &
EZDHOT, HhHEAMELL S EESREED (B 135
WS, E TR AR R CRVRI T, BT
N NAMTEEZ L > THREELR 2O TIE W e
ZCLE I OTEMIEN LR TN 5,

ERLo M 13 D BN R C 2R VR I2BI L T,
RS (2007) 1%, FEBRFITRE LD Ly haRTE%E
THA BT 4 TIINENERRITND, F, X
(2008) I, FAEITH 2 & CHEEMRAEOKRITEEY
EREOILFIRENF LI/ D LB _TN D,

ZOZEND, ERFENLL, FEEED DN
HLIETIX, FHEMRITEE T BT 4 7T O/NS Tt
EBR% <, FROERHIENEEZZ SNLDT, AT
NI NAMTEEZ L > THREEL R 2O TIE W e
ZTCLEIFERBZNWIEAS, FROZINBZED L HITE
ZTCLEIDOT, YHEE TIIHNEHBERITKL 25 &
EZ2D,

FEOLIICEZDE, 2.1, 2 i THRA 5 HOFEREL
BO D BIRFENRE L, REREMELS, FEEED D0
L, B U7 DBERFENE L, FHEED D720
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Table8 #2771 —7ICBF % BERFEN L, FEEEDB DR EEK
Number of rural communities “with more non-farm households and fewer frequency of meetings” in each group

P Sk FERF A #%%@ﬂ%%@ ﬁﬁ@&ﬁ%?@
Pt oS biREMm it Ao S b E DL o LU T oK
w1 —7 181 21 4 15 = 90 4% 9 4%
WU N—F 247 W% 97 25 12 = 15 34 4% 41 HE£9%
EMZL—7 163 H7% 114 22 4E9% 89 %
IV L—F 251 % 22 132 % 124 %

DT, HFIHAMBEROERNMERNSWER, T7ob
B NEHBEROERNEE THDE R D,

32 1HiTHRRIZ 4 > N—T1281F 5 TFEEEEMN
%<, FHEEDRD 0] EBHEBIZOWTHHTT 5720,
PR g oo P - fi5% % Table 8 ([Z#&FE L 7-, Table8 @ [3f
BEEDNRSELL L OEERE, [FHEEE EAELL RO
EEH MERD &, BV L—7 1% 132 9%, 124 %
THY, WINbLRZTHD.

ZDE T, BV A—20E THEFENEL, FE
D72 ) DM 7 L —F IR TEEEENT
W5, FNHOEEE, kL [ hHBHEEROEVE
%1 7OT, BN V—T120E, BERORWEERE Mo &
N—TIHRTCEBEENTND EBEZ D LINTED,

FRROEREND, FHAMTEZTHZ N TERL AR
D HITEMHEROBRIMEII T THDL DD, HIVI /L—
TIIIERDOEN Z & DRIA & e o THAAMITE A L
TWRWEE DD E B 7L —7 201350, L
&9,

[ Ck_7= &80, RITIE, HLHEOHHAMFEIC
Ul ERE T 52 ETAEE LTS, kit
DFERNOEZ DL, BN T N—T OEE~DLEE 2
T DBRCIE, FARMERE A LS D 72D & 2T
DR ORI EE R LI R (2012) 1235\, Bk
i LS LIERDOMF A GO D EHRTH A 9,

3.3 FROFHEEENDAERLR

Table 912, 3k (2020 4%) D55 FJEHHEES) ORERE R
R,

Table 9 XSO 5 L ERSATEE LD &, HxHE
Db/ NSV A BT A (0479) TH D, £ OfE
1204 LLEHLDT, 3.1 BTHRARHIED T 1 AMHEE
OWPERER L R, Lk io725 2OEKE, WIhbiE
By - ERRREDORTEICERL T D ST 5 2 &8 T
x5,

Fio, ERSATMROFGE S, BAEOT EHERRTIOH]
TERGR L RIEE, 2. 1. 2 i TR~ [RERBAMR L HEA LT D,

Table 9 XD 5 B G-HE2 5 &, 3.1 BTk~
BAED 5 AR ORIERE R & FERIC, &7 AR
O EE (541%) FEMICT LV THY, E
729 NAMEE IO 53 (35.5%) 001Ky, &l
THZENTE B,

3.4 FHEEREH DMK DFT@RER

Table 9 %k (2020 42) DI AMEEFI O IERR
Results of measuring the ability to maintain in 2020

X5y A it
B Ty R 0.735
N AR BEF1AY-0 B E IR -0.735
FNBRREN e 54.1%
- BFEE 0.608
S AN
HH72 gg; RO LR 0.682
Capak=t il -y e 0.479
R 35.5%
3.4.1 FHEBEHOBGHEINELEE

3.2 BT LB, FHE LY RN AL
T < BRRBRIDMRNEE D7 NV—T" GBIV 7 L—
)AL, FHAMITENE L W WEENMho 7 v—7
WZHRTEZY, EWIRFER ST, £, 2D XD 724F
PR OB O 121, BV A—7120%, AR
BRROERWMERDOZ WEE DML 7 L — 7 IR TS
GENTVWDHLEEZONDZ ETHH T,

L, FHIEHE D 5 BRI DAHITENZ L TV 8%
Z, 3.3ETHIE LL DRk BAY - EH97e 55 F1AMHEE
FIOEHE 2 FEAE LT, 3. 2.1 B &[RRI 4 DD 7 —
ATl e+ 5, 2O%5E, BUEEE I ~M7 v—7I
GEN, FRITFEV I L—T1CE EFNHEEOTITIL, F
KX T A MITENE LR RAEENRZNEE XD,

R D, R L7z LIV A—TTE, bl e
HE I ~MI7NA—7 L 0%, BEROERWZ & DRE E 2o
THITEHITEE L RDEENZLNEVWZDHDT, &
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Evaluation of the Continuity of Residents’ Ability to Maintain
Irrigation/Drainage Canals in Rural Communities

— Evaluation with data from Yamagata Prefecture on rural community cards based on the 2010 World
Census of Agriculture and Forestry —

ONIMARU Tatsuji*

Laboratory of Project Evaluation, Rural Development and Planning Research Division*

Summary

This study evaluated whether a rural community can continue to maintain irrigation/drainage canals for paddy
fields with data from 842 rural communities in Yamagata Prefecture. Results showed: (1) “quantitative ability to
maintain” can be measured with data from the total households and area of paddy fields per farm household, and
“qualitative ability to maintain” can be measured with data from the farm household rate, elderly farmers’ rate and
frequency of meetings; (2) when the above 842 rural communities are divided into 4 groups, group IV, which
consists of rural communities with above average quantitative ability and below average qualitative ability to
maintain, shows a rate of rural communities without maintenance activities larger than other groups; and (3)
whether a rural community, expected to move from other groups to group IV in the future, can be evaluated as a
rural community with low continuity of resident’s ability to maintain irrigation/drainage canals.

Key words : Irrigation/Drainage canal, Maintenance, Rural community, Ability to maintain, Evaluation of
continuity, Rural community card
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Photos and cross-sectional diagram of a digester tank
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Fig.2 HERMSRAE DD D—@#HDIEHE
Takes for the investigation of materials accumulated in a digester tank
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Fig. 3 FEHENOERM O L £ DILKGH
Photos and distribution of accumulated materials in a digester tank
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Table 1 FEBHIELEHYM O & RSy
Amounts and compositions of materials accumulated in a digester tank

AL JE S HERR A BERIT 5 EEEN
i m? #9720 b b
GKE % 54.9 36.7 39.2
R B % 22.5 73.5 17.3
N dry-% 1.83 25 413
C dry-% 9.6 41.6 15
P dry-% 4.84 1.26 16.2
K dry-% 0.383 0.02 0.277
Ca dry-% 5.66 5.97 105
Mg dry-% 3.26 0.76 10.3
S dry-% 0.38 7.58 0.12
R TR S dry-% 0.659 0.256 0.008
42 SPK dry-% 14.9 2.20 1.94
S0,* dry-% 0.04 0.01 0.003
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Table 2 FEEEFEN DR DALY
Composition of the liquid in a digester tank

A5 AR WP AR S
BT DL | JFETH DI
R D pR 5y W DRy
pH 7.7 7.5
EC S/m 2.0 14
T-N mg/L 3400 1800
NH,-N mg/L 1800 800
T-P mg/L 530 400
T-K mg/L 3200 2600
T-Ca mg/L 1600 -
T-Mg mg/L 660 -
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Characteristics of Materials Accumulated in a Digester Tank
for Methane Fermentation

NAKAMURA Masato*, YAMAOKA Masaru*, AIHARA Hideki **,
YUYAMA Yoshito*, and ORITATE Fumiko*

Renewable Resources Engineering Research Division, Biomass Recycling System *
Wago Corporation **

Summary

This study examined compositions and amounts of materials accumulated in a digester tank for methane
fermentation after 7.5 years of operation. Approximately 20 m® of sediments including large amounts of inorganic
materials such as sand were found at the bottom of the digester tank. The accumulation of sand is unavoidable
because feedstock materials such as dairy manure contain sand. Therefore, a digester tank should be designed
considering the possibility of deposition of sand. Installation of drains to discharge accumulated sand is desirable.
Crystals of magnesium ammonium phosphate (MAP) are observed around the liquid mixer of the tank. These crystals
may cause breakdown of equipment in the tank. Crystals also cause problems in equipment replacement because parts
of equipment in the tank become firmly adhered to each other by the crystals.

These findings can contribute to stable operation of methane fermentation plants and reductions in maintenance
Costs.

Key words : Methane fermentation, Sediment, MAP, Sulfur, Cattle manure, Maintenance of facility, Sand
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Relationship between gate opening of canal G and coefficient of
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Relationship between water depth of division work B and division discharge (2/4)

(e) Gate opening of d=0.21m, (f) Gate opening of d=0.22m, (g) Gate opening of d=0.24m, (h) Gate opening of d=0.26m
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Relationship between water depth of division work B and division discharge (3/4)

(i) Gate opening of d=0.27m, (j) Gate opening of d=0.28m, (k) Gate opening of d=0.32m, (I) Gate opening of d=0.34m
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(m) Gate opening of d=0.38m, (n) Gate opening of d=0.41m, (o) Gate opening of d=0.43m
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Diagnosis of Hydraulic Function in Irrigation Control Facilities
during Drainage Management Periods

FUJIYAMA So*, TARUYA Hiroyuki **and NAKADA Toru**

Sanyu Consultants Inc*
Hydraulic Engineering Division, Canal Systems**

Summary

In this study, the diagnosis of hydraulic functions was performed in irrigation control facilities during drainage
management periods. Target irrigation control facilities are some division works in main canal which has been
managed by the government. Obtained results are as follows. 1) On the point diagnosis, drainage management
patterns are classifiable into three by arranging histories of drainage management in division work B. At the time of
the local severe rain classified into the pattern 3, administrators’ operations in drainage management are delayed and
overflow behaviors may arise in division work B downstream frequently. 2) On the point diagnosis, the division
mechanism of division work B was cleared. Discharge of a weir reacts to division water level change sensitively
rather than an orifice. The relation between gate opening of canal G and coefficient of discharge can be denoted by a
primary approximate expression. 3) On the line diagnosis, the overflow behavior in division work B downstream at
the time of the rain of 2012/8/14 was verified.

Key words : canal system, division work, diagnosis of functions, hydraulic function, coefficient of discharge
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Study of the Mean Areal Slope Measurement Method for Runoff Analysis
Using a Digital Elevation Model

HORIKAWA Naoki*, YOSHIDA Takeo*, KUDO Ryoji*, MINAKAWA Hiroki* and NAWA Norio*

Hydraulic Engineering Research Division, Hydrology and Water Resources Management*

Summary

The kinematic wave model is a runoff models which can be constructed with geometrical factors. The mean slope
is a coefficient of kinematic wave model and is measured by various methods. In this study, the intersection line
method is modified so as to use the digital elevation model(DEM) and this modified method is examined as follows.

1) When a basin is divided by sub-basins which consist of one river channel of 1 km length and two rectangle
slopes (uniform slope, 1km width, 500m length), the suitable grid interval of DEM used by the modified method is
100 m.

2) The excessive dense grid interval may overestimate the mean slope. The suitable grid interval is about 1/4 of
slope length for the extended intersection line method. This value should be small for the original intersection
method.

3) Itis desirable not to exceed 10 m as a contour interval advanced interval. The suitable grid interval is referred
to when the kinematic wave model is constructed using a digital elevation model.

Key words : Mean slope of the basin, Intersection line method ( Horton method), valley method, runoff analysis,
Surface runoff model, Kinematic wave model (equivalent roughness model), Digital elevation
model(DEM), Digital terrain model(DTM), Distributed runoff model
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Problems on Improvement of Maintenance Plan of Coastal Disaster Prevention Facilities

TANJI Hajime*, KIRI Hirchide*, NAKAYA Tetsuo* and AZECHI Issaku*

Hydraulic Engineering Research Division, National Institute for Rural Engineering, NARO*

Summary

At maintenance of coastal disaster prevention facilities, a present maintenance of coastal disaster prevention
facilities published by the government is not well used. This paper discussed about how to improve this manual and
how to adjust actual maintenance. First, transitions of degradation or failure paths are selected as the main connection
point of the manual and actual maintenance. The relation between actual failure and standard failure process on the
manual is discussed. Integration of LCC related analysis methods are discussed. Life time expectation analysis
methods are compared. Finally, the gap between actual maintenance and standard maintenance on the manual is
discussed by positing chart based on the axis of cost and accuracy. Under increasing of some supported cost for
maintenance, to decrease the cost of maintenance with the minimum accuracy decrease of estimation of life time of
coastal disaster prevention facilities are proposed..

Key words : LCC, Transitions of degradation, Failure path, Cost benefit analysis, Life time of disaster prevention
facilities
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Appendix 1 TDEM #4547t (1)
Parameters of TDEM survey (1)
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13:07|D ® 50.5 432 |B-25 508 | 2475, 505] 2980 125/ 051 34| 10, 5] 130
1321|D ® 46.8 2000.0 24221 4681 2890 125 05) 34| 100 5 54
13:35(D ® 46.0 2000.0 2430|  460) 2890 125/ 05 10] 5 3 21
16:36|B-1 ® 30.1 20000 [B-2 270| 2349} 301 2650 125, 05 34 10/ 5] 170 | /A XEEX
16:47|B-1 ® 282 2438 |B-2 270| 23691 282} 2650 125 05 34| 10/ 5 78
16:59|B-1 ® 231 4216 2423} 231} 2654 125/ 051 34| 10| 5| 110 |/1XEEK
17:12|B-1 @ 19.4 1203 [B-6 220| 24751 194} 2669 125 05} 34| 100 4] 130 |[/1RXBEK
17:47|B-1 ™ 144 1799 2468|  141) 2608 125/ 05 34] 10| 5| 200 [/ A XEEK
18:05|B-1 ™ 16.6 166.7 2423)  166) 2589 125, 05 34 10 5 23
18:19|B-1 @ 88 33.1 [B-10 65| 2464 88| 2552 125 05 34| 10, 5 30
8:19[D-2 @ 00 - 2840 ) 00} 2840 125/ 051 34| 10| 5/ 25
8:32|D-2 @ 9.0 52.0 2730} 901 2820 125 05} 34| 100 5| 25 |SRKAKEHRLM?
8:43[D-2 [0} 9.9 95.0 266.1 | 99} 2760 125/ 05 34) 10, 5| 21
8:56(D-2 @ 00 —|B11 204 2710} 00} 2710 125, 05 34 10 5| 3.2 [BRIKAIERD P
9:10|D-2 @ 00 — 2640 00} 2640 125 05) 34| 10, 5 20 [BESMLE
12:13|D-2 @ 0.0 - 2570 ) 00} 2570 125/ 051 34| 10| 5| 20 [BEH
12:25|D-2 @ 147 340 24231 147} 2570 125/ 05] 34| 100 5 22
1237|D-2-4 @ 00 - 2580 | 00} 2580 125 05 34| 10| 5| 37|BEHHE
14:49|D-2-4 ™ 94 438 |D21-B-3 120| 2526} 94} 2620 125, 05 34 10 5 17
13:49|D-2 @ 00 - 286.5 ) 00, 2865 125 05) 34| 10, 5 10[BESLE
14:19(D-2 ® 52.1 2000.0 2539} 521} 3060 125/ 051 34| 10, 5/ 96
14:31|D-2 ® 50.4 20000 |B-F33 543| 25831 5041 3087 125 05] 34| 100 5/ 320 |BER (27 >3
14:43|D-2 ® 427 1756 2708| 427} 3135 125/ 05 34] 10, 5| 170
15:04|D ® 36.6 B-8 368| 2004} 366) 3270 125, 05 1.0 10 5 94
15:18|D ® 544 2000.0 28261 544} 3370 125/ 05 34| 10{ 5| 160
15:31|D ® 50.5 2000.0 2831) 505) 3336 125/ 051 34| 10, 5] 100
15:43|D ® 52.2 49.2 28671 5221 3388 125 05} 34| 100 5 74
16:23|B-D ® 343 20000 |B-11 328| 2642) 343) 2985 125 05 34| 10| 5| 200 |/AXEEK
16:32|B-D ® 335 20000 2650)  335) 2985 125/ 05) 34 10, 5 68|/AXBEX
16:40|B-D ® 31.8 2000.0 2667, 318, 2985 125 05) 34| 10, 5| 340 /A XEEK
16:56|B-D ® 335 2000.0 2604, 335 2939 125/ 051 34| 10| 5/ 45
17:05|B-D ©) 37.2 4459 [B-9 378| 25671 3721 2939 125 05} 34| 100 5 79
17:16|B-D ® 379 2000.0 2541}  379) 2920 125/ 05 34] 10, 5| 50
17:28|B-D €] 235 20000 2575)  235) 2810 125/ 05} 34 105 19
17:40|B-D ® 306 2000.0 2658 306, 2964 125/ 05 34| 10; 5 77
17:54|B-1 ® 189 20000 (BV3-3 134| 2661) 189) 2850 125 05 34| 10/ 5/ 110
18:06|B-D ® 294 20000 |B-4 400| 28281 2941 3122 125 05} 34| 100 5 72|/4XEEK
18:20{B-D ® 51.2 20000 |B-4 400| 2610) 512} 3122 125/ 05 34) 12| 4] 120 |[/AXEEBK
1647|D ® 398 2000.0 2204)  308) 2692 125/ 05} 32 10 5] 31.0 |/AXREX
17:12|D ® 350 260.1 [BV19-5 430| 2349, 350 2699 125/ 05) 32| 15 4} 110 [/ XEEK
17:27|D-1 ® 52.1 1763 [bv20-1 514| 2334 521} 2855 125 05 32| 10/ 5 73
10:04|D ® 66.4 160.7 |B-R1 832| 23461 6641 3010 125 05} 32| 100 5| 100 |[/AXEEX
10:16|D @ 826 101.2 |B-F1 832| 2184) 826, 3010 125/ 05 32] 10| 5| 180 [/AXEEK
10:30|D ® 53.1 60.5 2479} 531} 3010 125/ 05} 32 10 5 81
1052|D ® 80.7 325 2294, 807, 3100 125/ 05 32| 10{ 5| 140
11:49|D @ 730 110.3 2380} 730} 3110 125 05 33| 10/ 4 120
16:50|D @ 7238 875 23521 7281 3080 125 05} 33| 100 5 270 |[/1XEEK
12:04|D @ 818 20000 |B-&5 711 2252} 818} 3070 125/ 05 33| 10, 5| 330
14:14/C ® 86.1 515 3071)  861) 3932 125/ 05} 32 15 5 65
15:29|C-1 @ 47 1652 [B-H9 80| 3033, 47, 3080 125/ 05 32| 15/ 5| 66
15:50|D @ 96.9 2577 [B-134 844 2432} 969 3401 125/ 051 31| 15/ 5| 93|/AXEEK
16:07|D @ 938 2000.0 24621 9381 3400 125 05} 32| 15 5 360 | /1 XEEK
16:24|D M |78 2000.0 FB8  \FE ) 3310 125 05! 32| 10| 5| 11.0 |{F&IFE B LT
16:58|D ® 705 1217 2735 705! 3440 125/ 05 32| 15/ 5 280 |/AXEEX
17:11|D ® 750 2150 |B-6 964 2660) 750, 3410| 125 05 32| 15 5 310 [/AXBEX
11:05|B-1 ® 203 20000 |BV3-3 134| 2647 203] 2850 125 05 35| 10/ 7| 3.1
1207|B~1 ® 20.1 60.1 26091 2011 2810 125/ 05)35] 100 7| 35
12:45(B-1 ® 26.6 2000.0 2524} 266} 2790 125/ 05 35| 10, 5 63
13:18B-1 ©)] 300 8624 248110 300! 2780 125, 05 35| 101 7| 70
15:10|B~1 ® 248 20000 2346) 248, 2504 125 05 10| 10| 5 37
15:29|B-1 ©)] 217 415 [B-2 262 | 2377) 217) 2594 125/ 05 35| 10/ 7| 130
15:50|B-1 ® 256 20000 [B-2 262| 23381 2561 2594 125 05) 35| 100 7| 74
16:03|B-1 ® 2141 2000.0 2318} 211} 2529 125/ 05 35| 10, 7| 100
16:16/B-1 ©)] 278 2000.0 22881 2781 2566 125) 05 35| 10/ 7| 220 |/AXEEX
16:34|B-1 ® 219 1210 2375) 219, 2594 125 05 35| 10| 7| 110
16:53|B-1 ® 25.7 10230 2376 257 2633 125 05 35| 10/ 7| 120
16:30{D-2-1 ® 281 2000.0 2629 2811 2910 125 05) 36| 100 7| 360 | /A XEEKX
15:42|D ® 300 2000.0 2610, 300} 2910 125/ 05 36| 10, 7] 17.0
15:54|D ® 379 2000.0 24610 3791 2840 125, 05 36| 10 7| 190
16:13|D-2-1 ® 359 1079.0 [B-F24 349 2427) 359, 2786 125 05 36| 10 7| 7.
16:42|D-2 ® 58.7 20000 2493)  587) 3080 125/ 051 35| 12| 5 160 [/AAHER BEREL
17:14|D-2 ® 50.9 66.0 [B-/33 543| 26221 5091 3130 125/ 05) 35| 14 5 170|/1XEEK
11:01{B-1 ® 323 197.6 2367, 323} 2690 1251 050 36| 10| 7| 140 |[/1RXBEK
11:19B-1 ® 26.3 601.3 24281 263! 2690 125 05 35| 101 5 42
11:41|B-2 ® 199 383 2491} 199, 2690| 125 05 35| 5 5 32
1157|B-2 ® 128 172.7 2632)  128) 2760 125/ 051 36| 10/ 7| 36|REIFEHILIER
12:23|B-1 ® 211 20000 |B-14 173 23331 2111 2544 125 05) 36| 10 7| 34
12:36|B-2 ® 194 20000 |B-14 173| 2339}  194) 2533 125 05 36] 10, 7| 38
1251|B-2 ® 19.3 20000 |B-15 205| 22711 193} 2464 125/ 05 36| 100 7| 62
13:04|B-2 @ 149 20000 2277) 149, 2426| 125 05 10| 10| 7) 150 [REBIFEBILIER - /1 BB R
13:19|B-2 ™ 15.9 201.1 2251) 159 2410 125/ 05 1.0f 10/ 7| 60
13:43|B-2 0] 11 51.1 |B-17 80| 23751 111} 2486 125/ 05 1.0] 100 7} 45
13:58|B-2 O] 1.3 52.1 2438} 113} 2551 125 05 10| 10, 7| 39
15:29|D-2-6 @ 45 350 [BV20-7 00| 2730} 00! 2730 125 05 36| 101 7| 34|BEHHE
15:40{D-2-6 @ 00 - 2730} 00] 2730 125 05) 36 100 7] 84|BESHE
15:55|D-2-6 @ 00 — 2710} 00} 2710 125/ 05 36} 10| 7| 55[EB&ESMLE
16:07|D-2-6 @ 00 - 26701 001 2670 125 05) 36| 100 7| 6.7 [BEDfl
16:19|D-2-6 @ 0.0 - 2650 | 00} 2650 125/ 05 36) 10| 7| 24 [BESHE
16:44|B () 15.6 2000.0 |B-5 57.7| 3334! 156! 3490 125 05 36| 101 7| 140 |[KEDEE? #HELAHAEN
17:04B @ 188 214 35091 00} 3509| 125 05 36] 100 7| 27 |MELEDEN
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Appendix 2 TDEM 43 7¢ (2)

Parameters of TDEM survey (2)

No. |BRIBES #RER
1101 2012/10/17|
1112 2012/10/17|
112)3 2012/10/17|
1134 2012/10/17|
1145 2012/10/17|
1156 2012/10/17|
116)7 2012/10/18|
117)8 2012/10/18|
118)9 2012/10/18|
11910 2012/10/18|
120[11 2012/10/18|
121(12 2012/10/18|
122]13 2012/10/18|
123|14 2012/10/18|
124]15 2012/10/18|
125|16 2012/10/18|
126]17 2012/10/19]
12718 2012/10/19]
128]19 2012/10/19]
129|20 2012/10/19]
130|21 2012/10/19]
131]22 2012/10/19]
132|23 2012/10/19]
133|24 2012/10/19]
134125 2012/10/19]
135|26 2012/10/19]
136|27 2012/10/19]
137|28 2012/10/19]
138|29 2012/10/19]
139|30 2012/10/19]
140|131 2012/10/19]
141|132 2012/10/19]
142|33 2012/10/19]
143|101 2012/11/14]
144(102 2012/11/14]
145|103 2012/11/14]
146|104 2012/11/14]
147]105 2012/11/14]
148106 2012/11/14]
149|107 2012/11/14]
150|108 2012/11/14]
151]109 2012/11/14]
152|110 2012/11/14]
153|111 2012/11/14]
154112 2012/11/14]
155|113 2012/11/15]
156|114 2012/11/15]
157|115 2012/11/15]
158|116 2012/11/15]
159|117 2012/11/15]
160|118 2012/11/15]
161119 2012/11/15]
162|120 2012/11/15]
163|121 2012/11/15]
164122 2012/11/15]
165|123 2012/11/15]
166|124 2012/11/15]
167|125 2012/11/15]
168|126 2012/11/15]
169127 2012/11/15]
170|128 2012/11/15]
171129 2012/11/16|
172|130 2012/11/16|
173|131 2012/11/16|
174132 2012/11/16|
175133 2012/11/16|
176|134 2012/11/16|
177135 2012/11/16|
178|136 2012/11/16|
179137 2012/11/16|
180|138 2012/11/16|
181]139 2012/11/16|
182|140 2012/11/16|
183|141 2012/11/16|
1841142 2012/11/16|
185|143 2012/11/16|
186|144 2012/11/16|
187145 2012/11/16|
188|146 2012/11/16|
189]200-1 2013/1/29
200-2 2013/1/29
200-3 2013/1/29
200-4 2013/1/29
200-5 2013/1/29
190|201 2013/1/29
191]202 2013/1/29
192|301-1 2013/2/28,
301-2 2013/2/28,
301-3 2013/2/28,
301-4 2013/2/28,
301-5 2013/2/28,
193|302-1 2013/2/28,
302-2 2013/2/28,
1941303-1 2013/2/28,
303-2 2013/2/28,
195|304-1 2013/3/1
304-2 2013/3/1
196|305 2013/3/1
197|306 2013/3/1
198|307 2013/3/1
199|308 2013/3/1
200{309 2013/3/1
201|310 2013/3/1
202|311 2013/3/1
203312 2013/3/1
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F <y R B | SR | L REWRL
pogy | 7777 | 15— | BEBR | giniom | 0oy | B EER TR B 2 e
B (m, FE(m) (m) ! (A) V5! Bl error EE
14:10|D @ 112.01 152 22799] 11201 340 125] 05132 17] 5 62
14:20D @ 588 217 2872| 588 346| 125/ 05,33| 17| 4 65
14:45|D @ 733 270 2747 733 48| 125 05)32) 17 4 81
15:11|D @ 877, 2000 2663 87.7 354 125 05! 33 101 4f 219
15:25[D @ 802 604 27581 802 3s6| 125 05)33] 10, 4 34
16:00(D @ 100.7 539|BR15 1174 2663 1007, 367 125 05)33] 18 4 32
10:04|D @ 64.9 279 26807)  7323] 3413 125 05} 37| 18] 4] 53
11:40|D 769 18.1 2821 76.9 39| 125 05| 37| 18 5| 140
11:50|D 7343 2000 28557 7343 350| 125, 05!37) 17 5 64
13:50|D 70.85 2000 28715/ 7085 358 125 05)37] 17 4 83
14:15/D 111.94 213|BB21 120 241.06] 111.94 353 125/ 05,37} 18] 5/ 130
14:28|C 102.2 365 2558, 1022 358 125, 05! 37| 18] 5 55
14:53|C ® 837 1638 28431 837 68| 125 05)37] 18 5 80
15:07|C 80.1 258 291.9] 80.1 372 125/ 05} 37} 18] 5 53
15:36|C 813 16.9 2887 81.3 370] 125 05! 37| 18 51 72
15:55|C 67.6 6B 18 1386 3104 67.6 a78| 125! 05/ 37| 18 5 33
9:30|D @ 54.43 287 29357) 5443 348 125/ 05} 37} 18/ 5 41
9:44|D ® 526 443 2994 526 352 125 05!37| 18 5 38
9:57|D ® 55.64) 2000 297.359]  55.641 353 125 05)87] 18 5| 54
10:14|D ® 56.76 2000 297.24)  56.76 354 125, 05) 37| 18 5 54
10:27|D ® 578| 410 305.21 57.8 363 125 osl 37 13| 5/ 5.1
10:40|D ® 535 151 3185 535 372|125 05)37] 18 5| 84
1057|C ® |FH -|B&18 1386 |8 3844 1251 0537 18/ 5/ 170
11:20/C 83.24 86.9|B/H18 1386 30576  83.24 389 125) 05/ 37| 18 5 38
11:36[c 45.52) 785 34348) 4552 389 125/ 05,37| 18] 5 33
13:20 @ 95.92 15.2|B/R26 129| 29308] 9592 39| 125 05 10| 18 5| 170
13:34 36.93) 62 35907\ 3693 396 125) 05 10 18 5 40
1351[c @ 971 2000(BJ%26 120 2049] 971 392[ 125 05,37 18] 5| 100 |BEFRE [EAo[EAYAN
14:29|C 4131 18|B/E25 121 35869 4131 400| 125 05! 37 18/ 5| 78 [//XEEX
14:59/C 59 271 338) 59 397| 125] 051 37| 18 6 170
::;:g % 10170.2 ;;g 2884, 1076 306( 125 05) 87| 18 5| 100
: X 283/ 106 389 125, 05! 37| 18] 5l 220 [REIFE /A XEEX
16:07|C @ 1259 2000(B/525 121 2651 1259 391 125! 05137 18 5 85 FEEEHLAS,
9:55|D @ 99.3 2000(B/H4 84.38] 242 993  3413| 125 125) 37} 10| 5 210 [REBIFE /A RBEX
10:17|D ® 753 995 266/ 753] 3413 125 1.25' 37| 15/ 5l 280 -
10:25|D ® 724 2343 266.4) 724 3388|125 12537 15 5 78
10:59|D ©) 61.1 2000| 2749] 61.1 336 125 125/ 37| 18] 7| 100
1:11|D ® 483 2000 286.7) 483 335 125 125/37) 15| 7| 180
11:28|D @ 4456 2000 2864 446 331| 125! 125 37| 15/ 5] 100
11:42D ©) 26.9) 2000 296.1 26.9 323 125 1.25) 37} 15] 5| 150 [X&FT/A XEEK
12:04|D €) 395 2000(B/58 36.75 2875' 395 327 125) 1.25) 37 15| 5| 80 [XET/AAFEK
14:47|D ® 389 2000(DW10 3041} 389 343 125 125, 37| 15| 5| 31.0
15:18|D ® 532 282.5(DW10 2878 53.2 3a1| 125 125! 37} 15/ 5 160
15:55|D ® 20,6, 135 30841 206 320  125) 1251 37| 15 5 50
16:28/C ® 238 2000 307.2| 238| 331 125) 125/ 37( 15| 5 42
9:47|B ® 39.1 2000 296.9| 39.1 336 125 1250 37| 15 5 220 [h—THHSAEAittingEL
10:31|B @ 357, 4199 2913 357 327|  125) 125037 15 5 140 [REHEE /1 XBEX -
11:00|B ® 279 2000 2939) 279 3218|125/ 125/ 10} 15/ 5| 140
Hzgg % gg;; 1012 2862 338 320(  125) 125) 37| 15 5| 57
: ) 2000 298.3) 267 325 125) 125037 1 7.
11:45(B ® 504 2000 2758 504 3262 125 1.25i 37 125 g 2.?
13:38|B ® 527 458 3003 52.7 353 125) 125) 37| 15 5 42
13:56(B ® 50.1 2000 308.9) 50.1 359|  125) 125 37 15 5 98
14:04(B [©) 52 2000 307} 52 50| 125! 125 37} 15| 5| 72 |ZET/AXEEX
14:22|B ® 59 2000 301) 59) 360 125 1.25'37( 15/ 5l 160 1
14:47|A ® 60) 2000 310 60 370 125! 125/ 37| 15 5 230
15:05(A (D) 23 35.1 349| 23 372|125 1.25) 37} 15| 5/ 26 |BEK
5:20|B ® 53.1 2000| 307.9) 53.1 361 125 125/ 87 15/ 5 130 |BEMR
15:37|A 47.72) 133 32058 4772) 3773 125 125,87 15 6| 55
15:50(A 43.25 2000 33425 4325 3775 125/ 1.25) 37} 15 6| 230
16:09|A ® 61.7 313 31esl 617 378|  125| 125 37 15. 50 7.1
9:34|A-1-1 ® 608 217 317.2) 608 378| 125 125, 37| 15| 5 65
9:46|A-1-1 ® 61 2000 320| 61 381|125 125\ 37| 15 5| 68
10:04/A-1-2 ® 627, 492 326.3) 62.7 389 125| 125037 15 5 88
10:20[A-1-1 31 2000| &7k # 336 31 367 125) 125/ 37| 15 5| 19 [EKHDEEHY?
10:56(B @® 248 303|B-No.3 |47m+ 321.2| 248 46| 125) 125037) 15 5 15 |[HEH REEN?
11:06|D ® 51 2000(B-W11 |36m+ 295/ 51 346|  125) 125/ 37| 15 5 220
11:41|D ® 69.6 489(BR21 75| 2806] 696] 3502  125) 1.25 87| 15 5| 190
221)o ® o 2000 os  ara | iz 123 a7| 1s| 5 220 teies
: . 41 | 5] 1250 37| 15/ 5} 220 |LLiEHEL
13:32|D ® 749 324 2715) 749 3464 125 125, 37} 15/ 5 110 e
13:51|D ® 38.36 2439|BR6 96.36| 28864] 3836 3270 125) 125137 15| 5 41 |ELADEL
::2;2 — (@% 429 2000 294.1) 429 337|  125) 1.25)37] 15 5| 160
:30/C-1- 0 -|BV20-9 0 | 0 313 125 125} 10} 15| 5 28 |iREN#HL
::22 g—:—: % 0 -|Bv20-8 0 ! 0| 322 125) 125) 10| 15 5| 19 [&5 i
55/C-1- 0 - i 0 324[ 125) 125/ 37! 15/ 5 12
15:06|/C—1-1 ® 26.7 2000| 307.3] 26.7) 334 125) 125} 37} 15| 5 18
15:31[{C-1 ® 402 2000(B/528 355 3058 402| 346 125 125/ 37| 15 5 32
15:48|C-1 ® 397 2000 3113 397 351 125) 1.25)87] 15 5| 34
13:11[B-1 ® 16.5 27.8|BV3-4 16[  2985) 165 315 125 125 37| 15| 5 06
13:18(B-1 ® 18.4] 26.1(BV3-4 16 2966' 184 315 125) 125! 10 15I 5| 10 |[R—imEHER
13:36|B-1 ©] 173 256|BV3-4 16| 2977 17.3 315 125 05, 37| 15 5 12 |A—iAKHER
13:51(B~1 ® 158 56.5|BV3-4 16[ 2992 158 315 125, 05} 10| 15 5| 13 |RA—AFHER
14So7 B-1 ® 15.3 72.2|BV3-4 16 29971 153 315 125 025/ 10 | 15/ 5 17 |F— MEEHER
:5::? D ® 89.3 206(BfE14 62.3 304.7 89.3 394 125 125, 37 15] 5| 200 |SEH- ,ﬂrslza/»rx%xx
6:11|D 512 186(BR1 8315 25938 51.2 311|125 12537 15 5 66 [BEK FBMEE/AXEEX
lgzggg 727 263 244.7) 7270 3174] 125 125 38 20 5| 120 |SER -
: | 125 125/ 10} 10, 3 F— A HER
15:12[D ® ! 5 025! 10| 10 3 A—AEHEE
15:28(D | | |
1628 926 70 2248) 926) 3174 25| 1.251 34| 20{ 5| 150 |A—#AEHERE
: | 251 1.25) 34| 20| 7, E—thSEHEE
15:54|D 613 363 253.7) 61.3 315[ 125 125! 38 zoi 5| 71 |&ER
16:01|D 836 47 2314 83.6) 315 25! 1251 34 201 7} 43 |RA—MAFHEE
17:06|D @ 787, 66.7 2403] 78.7 319 125: 125} 38} 10, 5| 210 |BEH
17:44D @ 86.5) 138 2325) 86.5 319 25 125) 35} 200 5 130 |R—dmEHER
]ﬁﬁig 21.1 385 261.9) 61.1 323 125) 1.25) 38| 20, 5| 76
e 2.8| 86.9 2302 928 323 25 1.25) 34| 20| 5| 36 |FA—AEHE
13:36|D 473 155(B/H6 96.36 271.7E 413 319 125 125 38) 200 5 23 i i
13:51|D ® 66.3 2000(B/56 96.36| 2607 66.3 327|  125) 125,38 20 5 76 |BEHY
14:12|D 26, 62.9 307, 26, 333 125 125) 38} 20| 5 27
14:35|D 79.7 2000 25131 79.7 331[  125] 1.25| 38| 200 5 110
15:06|D 49,8 53.3 287.2) 49| 337| 125 125, 38| 20| 5 43
15:28|D 948| 19.8/B/H21 75 2502 948 345|  125) 1.25) 38| 20 5 72
15:52|D ® 726 9.26 267.4) 726 340  125) 1250 38| 20 5 6.1
16:17|D ® 728| 152 258.2| 728 331] 125 1.25/38) 20 5 78
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Resistivity Structure Investigation of Large-scale Landslides
Using Time-domain Electromagnetic Method

NAKAZATO Hiroomi*, INOUE Keisuke*, SUZUKI Hisato* and TERADA Takeshi**

*National Institute for Rural Engineering, NARO
**Hokkaido Regional Development Bureau

Summary

The application of the multipoint survey of the time-domain electromagnetic (TDEM) sounding was carried out for
understanding the thickness distribution of dolerite, which supplied groundwater to landslide as caprock. The apprication of a
small and light weight equipment and the efficiency improvement of field work enabled the sounding (survey depth: 50-100 m)
of 18 points or more in a day, even in the mountainous area. We conducted such TDEM sounding of 203 points within the
range of 1.7 km’ and estimated the thickness distribution of the dolerite in the Shimekake landslide, Yamagata Prefecture. The
sounding results near the borehole points showed that there are high correlations between the lower boundary depth of higher
resistivity layer and that of dolerite. It was confirmed that the multipoint TDEM sounding was effective for the running survey
and interpolation between boreholes. However, it is necessary to improve signal-to-noise ratio such as the expansions of the
sending and receiving antenna diameter so that the correlation may lowered when the dolerite layer thickness exceeds 60 m.
Moreover, because the contribution of the resistivity value of the higher resistivity layer to the analytical result was small in the
inversion analysis, the relation between the weathering degree and the resistivity was not able to be examined. It will be necessary
to improve the analysis accuracy concerning the higher resistivity layer by data acquisition with the fine cable antenna for near
surface and using together the vertical electrical prospecting etc.

Key words: caprock, groundwater, wide-area geological investigation
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EREL STz, SHIT, REESID Sm 22 TV D 9-
ELLHZ DWW T b B AR EE FEOX Tk tho Rz bt
RCRERMFEZ R LT, BT E HICBE LT 7, 8-Bik k
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-5, & IR - 2200 | 4.0 25 - 5 - 1.6 149.3 23
2-Hi7=sith [LE IR - 11,300 | 10.0 | 37 - - - - 180.4 29
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11- 27
N S IR - 1,200 3.5 40 - - . - 229 23
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Result of maximum water depth in Yachino-ike using inundation
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Pictures around Yachino-ike
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Fig.2 (a) 3-MUZOILEMITIC K 2 R KK & 5B E K
Result of maximum water depth in Oki-tsutsumi using inundation
analysis and each point of pictures
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Pictures around Oki-tsutsumi
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Result of maximum water depth in Hiuchiiwa-ike using inundation

analysis and each point of pictures
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Pictures around Hiuchiiwa-ike
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Result of maximum water depth in Ishihara-ike using inundation
analysis and each point of pictures

Fig.4 (b) 5-A 57 OMJE L OF A TOEHE
Pictures around Ishihara-ike
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Result of maximum water depth in Sintsutsumi-ike using inundation
analysis and each point of pictures

Fig.5 (b) 6- 5752831 O % Hi 5 0 G2
Pictures around Sintsutsumi-ike
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Fig.6 (a) 7-TFlér T ith OILEART I X 2 I KK & G EALE X
Result of maximum water depth in Nozakisimo-ike using inundation
analysis and each point of pictures
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Pictures around Nozakisimo-ike



96 AT TR ZE T EC 55 215 %5 (2014)

GENEX %, FigJ(b)Z, El2 FEEO& A TOEE
Z T, Fig.7(b)-1 DARIERS MR EEWT I CTd> 2, Fig.7(a)-2
DRT IR THE OE SR TE, HAKEE LT
120 ~ 5m Tholz, DO TFNIZH % Fig.7(a)-3 ORI (Hr
A 2m X 2m) (ZBER L, ZKERVICHE T L7 b o & HE22
EN D, TG FC OV T Fig 7(a) SRR B D X 5 12K
RV F LIRS a2 R LTz,

3.8 10-E4ith

9 A 16 HOZEMIZ LV i Uiz, JEiaifitivzza < 224
LTIV, 2K 5 DI 30 31300 B>
7L DFEE L H -T2, Fig8@Il, ERMOILEMEITIC LS
e KRR & GHALEK %, Fig.8(b)C, FAHED O S
TOFEEZRT, Fig.8(b)-1 DA A RIERTIE TdH 5,
Fig.8(a) 2 OEFT CIE LW OEBNIH 0, e KOKEIL 0.5 ~
3m Tdh 7=, Fig.8(a)lZ/r L7=lkiE TlL, Fig.8(a) -3 DK
KEIE2~3m Lo TRY, ZORENHREHIC IV
171k & 72> 7=, Fig.8(a) <4 OEFTIZ Fig.8(b) -4 O X H 72
SEHE R ORI R S AT, MENTHE B TR ORI 0.5 ~
Im DEFTTH -7, £72, Fig.8(a)D S BEMMEATIZ OV
T, AKEBEOEEN KIS TWRWETTA D 570, &7
K E L TEFTIRDTHDA, KBEWICH F Lz &
gahbd,

3.9 11-EoHih
OH 15 HG 16 HDOEME 18 B X B RICL v kgL
72. Fig9(a)Z, L7 fojLEEMITIZ X 2 kokig L G5

BAKR (m)
0.00-030
0.51-1.00

. 101-200

B 201-3.00

B :ol-500

ol

0 35 70 140m N\ |

| |

: PSS
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Result of maximum water depth in Hondani-ike using inundation
analysis and each point of pictures
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Pictures around Hondani —ike
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Result of maximum water depth in Sinzan2-gou using inundation
analysis and each point of pictures
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Pictures around Sinzan2-gou
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Result of maximum water depth in Kamijige-ike using inundation

analysis and each point of pictures
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Inundation Analysis of Failure Dam due to Heavy Rain in 2013

SHODA Daisuke*, KAWAMOTO Osamu*, SUZUKI Hisato**,YOSHISAKO Hiroshi*,
INOUE Keisuke* and KOJIMA Hajime***

Facilities and Geotechnical Engineering Research Division,DisasterPrevention*
Department of Planning and General Administration,Senior Disaster Prevention Research Coordinator**

Tokyo University of Agriculture and Technology Agency™***

Summary

There were the cases of the dam failure caused by concentrated heavy rain in 2013.  An inundation analysis was
conducted on these failure cases in this study. Inundation areas were compared in the analysis result and the field
survey result, measurement result. The flowing results are obtained. (i) Compared with peak outflows using the
anamnestic calculations, the result of Costa equation is close to the eqation of business effect. The result of
Froehlich equation is smaller than the results of other equations. ii) The collapsed slope of agricultural land is
corresponding to the relatively high parts of maximum water depth in each analysis result. However the flowing
study is needed about quantitative evaluation of the water depth. (iii) Measured washout area is corresponding to

the relatively high parts of maximum velocity result in each analysis result.

Key words : Small earth filldam, Failure, inundation analysis, Measurement, Heavy rain
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Shape of specimen and placement of reinforcing bar

Table1 FERIAED (AR
Specification of specimen

SBRE R HBrfRHiE (mm) EIESS) i Grmax
b h d a s A p Z-fIfEmm)  p,  (mm)

F1 1-D10 0.59

F2 Y1 100 150 120 420 1260 1500 2-D10 119 D10-100 143 20

F3 2-D13 211

s1 1-mD32  0.65

S2 17 14 21 17 60 180 214 2-mD32 129 mD32-14 157 25

S3 2-mD41 2.35

T1 1-mD22  0.63

T2 110 10 15 12 42 126 150 2-mD22 126 mD22-10 152 25

T3 2-mD32 257

b : WriklE, h: Wrims, d: Azhm, a: HABIASY, st ANUE, L RIKR, po BIRSAE (%),
pu : HEERAFLE (%) [pw=Au/ (0-Su), Aw: X SuIZH U 2 HIEAF I A (mm?), Sy : HFEKAT o0 L i I (mm) ]
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Table2 =27V — MG I X OVEHMESRE
Specified mix proportion and compressive strength of concrete

Gmx  WIC ity (kg/m®) o7
(mm) (%) W C S G A (N/mm?)

20 64 168 263 863 987  1.59 23.4

Table3 E/LZVELA T K OHAEHREE
Specified mix proportion and compressive strength of mortar

Gmax  WIC BlA (kg/m®) o
(mm) (%) w C S G A (N/mm?)
25 65 340 524 1310 - 131 32.3

Table 4 #kfif D ) FHoMEE
Mechanical properties of reinforcing bar

AR i N

A [E2/NE 5| IR O
(N/mm?) (N/mm?) (%)
D10 358 498 325
D13 349 497 26.5

mD22
e —

mD32
e e e e e -]

mD41
0 5 mm
Livssl

Fig.2 i/ NkAH
Miniature reinforcing bar

Table 5 ifi/NgkfH O AR
Properties of miniature reinforcing bar

O HAEE  AMER AR k&

(kg/m) (mm) (mm?) (mm)
mD22  0.0060 0.98 0.759 200
mD32 0.0121 1.40 1.541 200
mD41  0.0220 1.89 2.796 200

Fig. 3 i/ NakBR ik o Rk
Loading test of small scale specimen
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Table 6  HLFHAr O 71k
Loading conditions of monotonic loading

1TFE T il 4 {4 SBLUT
\ B A= 247 5. (mm) 2
LW |
ZENE3E E (mm/min) 0.2
HERZE07 5. (mm) 10
2w _
A (mm/min) 0.4
Table 7 # V3K U ikar o s 7 15

Loading conditions of cyclic loading

T s st 2 s T1 T2 T3
® E
L H ZN7E (mm) 2 2 2 1 2 2
Mg (mm/ming 02 02 02 02 02 02
) Br B (KN) 001 001 001 001 001 001
ff  WEE(KN/min) 03 03 06 01 01 06
3 o AN7E (mm) 4 4 3 2 3 3
fif WEE(mm/min) 04 04 04 02 04 04
. B ar AL (KN) 001 0.01 001 001 001 001
fif  WEE(KN/min) 03 03 06 01 01 06
5 # ANLS (mm) 10 10 10 10 10 10
fif  WE(mm/min) 04 04 04 04 04 04
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Table 9 #4¥HA
Mechanical properties of materials

o E?ﬁ'@ﬁﬁz& E%‘:ﬁi%’ﬁ%?* %‘Fifvri{%‘ziﬁt l’iﬁﬁiﬁ
(N/mm?®) (N/mm?®) (N/mm?®) (mm?)
a7 Y—F 234 25,000
ELH IV 32.3 19,800
D10 - 358 200,000**  71.33
D13 - 349 200,000** 126.7
mD22 - 294 165,000 0.759
mD32 - 301 157,000 1.541
mD41 - 316 132,000 2.796

*:mD22, mD32, mD41{Z- D\, 0.2%Ifif /)% <7,
** 2012 fFHIE = 7 ) — MEERGEL D,
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Load-displacement behavior of small scale beams under monotonic loading
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Table 10 $kfhLtiC X DB ELREL
Correction factor by reinforcement ratio
R No. F1 F2 F3
JRRIERBRIR R 1/1 11 11
L py (%) 0.59 1.19 211
BRI No. S1 T1 S2 T2 S3 T3
LN 1/7 1/10 17 1/10 1/7 1/10
RAHEE P (%) 0.65 0.63 1.29 1.26 2.35 257
fi/NaRBRIR s BRI mD32 mD22 mD32 mD22 mD41 mD32
BERRLE pplC L D ETHATE £, (N/mmP) 2185 108.3 426.7 2113 776.9 3724
BRI pe 1 £ D FFRT L £, (NImmP) 239.8 115.3 460.6 223.1 859.8 448.0
ETEARH ky = Py / Py 0.911 0.939 0.926 0.947 0.904 0.831




Wiy - kY B R

08
0.7 —Sl14
—s1.5

=05

504
s

0.2
0.1
0.0

P s "N
Th

0 1I 2‘ 3 4 5 6 ? 8 9 lIO
ZE L (mm)
(@) S1(1/7, mD32 x 1)

08
07 P,_—
0.6 ﬁ/—"r———-‘h —\
~03
S, v
%
s
0.2 —524
5 —52-6
wi & 4 =
0 1 2 3 4 5 6 7 8 9 10
ZE AL (mm)
(c) S2(1/7, mD32 x 2)
18
1.6 —534
—s35
= — 536
_‘12 .
10 \\b[l
Hos
06
04 /
mz’ J
kL ¥ |
0 1 2 3 4 5 6 7 8 9 10

Z AT (mm)
(e) S3(1/7, mD41 x 2)

FEIE « IRIEE « 8k = 7 U — MR AR U 7o Hi /MR oo 5 25 8) 109

0.8
0.7 =—T14
—TT.5
0.6 —T1-6
= 0.5
=04
=]
Eos

&

ZE L (mm)
(b) TL(1/10, mD22 x 1)

08
0.7 ey
—T2-5
0.6 s S
=05
4
-
&0
£y,

ZE L (mm)
(d) T2(1/10, mD22 x 2)

16 —T3-4
—T3-5
~—T3-6

0.6 —_— .
i f’ I ee—
0.2 , I I
mo’ -,.l. e
0 1 2 3 4 5 6 7 8 9 10
Z{T (mm)
(f) T3(1/10, mD32 x 2)

Fig. 11 03K U llifir 12 3 2 H /Nl i oo s B — 2807 B £
Load-displacement behavior of small scale beams under cyclic loading
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Flexural Behavior of Small Scale Model of Reinforced Concrete Beam

TOKASHIKI Masaru*, ASANO Isamu*, MORI Mitsuhiro* and NISHIHARA Masahiko*

Facilities and Geotechnical Engineering Research Division, Facilities Engineering*

Summary

The flexural behavior in flexure test of two small scale mortar beams using miniature reinforcing bars is
investigated by comparison with prototypic scale RC beams, whose tensile reinforcement ratios are 0.59, 1.19 and
2.11%. The load-displacement behavior of both 1/7 and 1/10 scale models agree well with that of the prototypes until
the yield point. Beyond this yield point the load-displacement behavior of the models with tensile reinforcement
ratios of 0.59 and 1.19% agrees with that of the prototypes, whereas the maximum loads of the models with tensile
reinforcement ratio of 2.11% are about 20% greater than that of the prototypes. The ultimate strain values of each
model are very scattered. These results are caused by mainly the dispersion of ultimate strain of miniature reinforcing
bars. At the ultimate points the models have fewer cracks as compared to the prototypes. This result suggests the
differences in bond strength to cement matrices between miniature reinforcing bars and real ones.

The results obtained in this paper suggest that the small scale beams using miniature reinforcing bars with tensile
reinforcement ratio of less than about 1.19% have similar flexural behavior until ultimate failure with prototypic RC
beams.

Key words: Reinforced concrete beam, Small scale model, Flexural test, Miniature reinforcing bar, Similarity

111



[%Ifﬁﬁiﬁ 215}
113~121, 2014

113

I3 FIRIBAIC X DWE B OYEE DAY

—HRokt - B - AERIERS DB B~ DR O T—

EHEER HEAEC ALsEET

"R T PR T2 Y
PRI EEE S B

F—U—F WELE ATk HERR BWKDE WHERAA

I #&

il

REFHIRAGER 2 5 WBEE) | O AT FATIAS DES T - YOHE
FHZRWT, R WAL Y | B LIZBKB O A 754
MU L > TEAHESNA SRR E, ZhETHEEEE HITH
LEETRAIRARAT LU IR O/KIRICFEC, BRI KDZEE
HRa D 2 & & B LT 2 EE AR R EE JWE
) I NFEHX ) A SN D, Z DS s C
3% = FLEHIESI 1360 320 ha DRV IS V), ATl
WCHESM TN TS, Z oMk, ZivE CRERKESE )
TR U ST HUFAKITIRAT L, B AR T 2 72 DI T+ 7B E
T CEIRWGEEN D120, RFEEOERI LY, REEE
FIRMEE SO TETH D, TDT=8, —HULRmEEZEmIR
FASe JA s WA, RS K 2 AT0F]
A UT2E 2 FEBLT B T2 D ESGE R Thiv Qs L
L, MBEHEPWEHETH L0, FokiERRIEcZ L
<, NEBRRT OstEATT > TCNDD, AR T CONEHT
STV WS B D,

RO A SET D700 HEE LT, M4
A& W TS R 2 Hivh, S A% (Biochar) 13X, A
B (A A~ R) OBGIRERIIOD S 5, THEGREM & L
THFESNADRDOZ L&D, ZIVETIS, 7 A A THEIC
BATDZ LT, 1EOAEND M BT 2 2 L Siuan
% (B %5, 2007; Chan et al., 2007;5% &, 2008; Asai et al., 2009; Hunt et
al, 2010), ZAUd, A AIREIRAT D T & TIHEEOYBIMES
{b2AE, BCEMEENVE 92 Z LIS L TV5  (Lehmann
and Joseph, 2009; Steinbeiss etal., 2009) , 4FZ, /A AIRIEAIZ L
LYEMEOUEEZAFI O TS, PRk PEOR) | (Kameyama et al.,
2010; Abel etal., 2013) RCEMAELROIKT (BIL5,2013) A3l
SNTW5, Fie, IEEHGORERES Ol Bl oW T o
&5 (Lairdetal, 2010), ZILHORERE, HAMECHRAEED
Z U, ARARAT D 2 LT, HHEOSFUKME - (IR
PERUGES D Z 2N L TNA,

ARG Cxig &9 HILBRR) I ClL, TR & L CHl
TEDOTIFERMIAA DA D Y A 7 )V THEFE L CNB/SA A
RVRTESNTND, 2 TIONS, FRATEH LT, =Hik

o EHIORYE HEOY PR A UGE CE R T 28 & L
foo THESRAAT) eOIISRAEM A NE LT D720, %
DT CAPE Xt/ S AR % T2 5 DS DA
LB R DILDTOTH D, YEMEDOUGET L DR T D
RERE LTCE, HEUBREM ARG T2 212k, HEOR
IRPEZ ) S TR MEOIER ORI A =R < 75 2 &,
BILOIEER 2 D42 LS5 2 LB 2 b
Do T, AWETIY, TEHEAMHG TGS TN DN
A FROIBANC L DHAMEDOUGE & JEEIR Gy OB ~DR I
DOUWTIIRE L~V THBRAA T, M AEROIBAIZ L DK
M« PRIEMEOBGEED ATREMEIZ DU TG L T2,

o EAE

2.1 G L YR

JHHIERE A 78 L QU DA I = B X O BRI 2o b B+
BmoofEtE (0~150m 49 2D L7 HEA & L=,
RIS 99%, SV bk 1%DIECHhD (B H D, FIRIF),

THURASEL S AT 2 BEHE L, =2k @b
R TEHEARANAA) &, SR E L ORR (EEERAD D
R ; RERACT MRS 2z, =7 RIS T
o T REEOBII AR A R U, FLEIC L 0 RIbLT= b0
THHN, REEEHITIL QWL D Thote, AT
ZJFRRE L, T LY BHIEEE 600~700°C TiRIb L7z H DT
bB, A AIROBY A Table 112”7,

BRI Lo S—2 R EASRE Fig. LI, ARERIFHLIR
TR 5~10 MM FEETHDHDITHT L, =2 RITkchz
PRTE mm B2 SN, HRIORA LT AR, B

Table1l FEBRIZHN =/ 3A A ROBYbFE
Physicochemical properties of biochar used in this experiment

HIE es e g iy

(Mgm?®) (%) (%) (%) (%)

IN— R 167 637 15 15 <03
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(a) /A —2 %

(b) KB

Fig.1 #BRICHEH L7z —2 R E AR
Biochars made from bark (a) and wood (b), which were used in
this experiment.
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Fig.2 SEEBREEOMEX (A) CfERL-HE17 4 (B)
Schematic diagram of the experiment setup (A), and photo of soil
column (B).
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Averaged saturated hydraulic conductivity (n = 3). Error bars mean
standard deviations. * and ** mean respectively that there are
significant differences with significance levels of 5 % and 1%

between mean values.
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Fig.4 IHEEOL (2 hr—L) « S—=T RDFH (X
—JIR) + RIRDF (RIR) OAFHER, =7 — —%
EEERZE (n=5) ZEWT 2,

Soil water characteristic curves of soil (solid circle) and charcoals
made by bark (open square) and wood (solid square). Error bars
mean the standard deviations (n = 5).
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A B RN -T2 2 L 2 E%T 5,

Depletion of moisture content for optimum growth and available soil moisture. Error bars mean standard deviations (n =5). * and ** mean
respectively that there are significant differences with significance levels of 5 % and 1% between mean values.
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Fig.6 FEANWKSBEEBNKSEDET /UL DHEEM & FEEOLERE, pF 785k & K EAKIZ L W KTz =7 R EARRD
RSB E B RKEOHIE, TR OEAE pF 3OO S— 2 RO, IKREDVUAIIARROEEARIK R LA
KoEE Fig.5 28, AALE ANAIEZNEIUKEREANRIZ L VBT S~ IR ERROREA DK 8 L Ak BE &
B35,

Scatter diagrams between measured and estimated values of moisture content for optimum growth (A) and available soil moisture (B). Valuesin
vertical axis of black circles and gray squares were respectively estimated using dataset obtained from the water retention curves of biochars by pF
experiment . Values in vertical axis of open and solid squares were calculated using dataset obtained from the pore space volume, which was measured
by mercury press-in method. Values of biochars made from bark and wood were shown as circles and squares, respectively.
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Distribution of pore space volume of charcoals made by bark and wood,
which were measured by mercury press-in method.
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Fig.8 /—7 RIBRAIZ K BRHERA A Ot EDE
Nitrate leachate from soil columns with different biochar contents (0,
3, 5% [wiw])

% 21575 (2014)

[T RMSE=0.029m*m® &720), HHZ 0 4, Tid pF BRI LA
7o M AIROEZAE LI 5035885 LT 5 L& 26
7z AREENECTHIET DENEREI N LizZ &A%, A
RO Z ARG L= B/ O—> B 2 s,

Fig. 5 75, AREROBEAEDOHEINIE, ARELETROL
N2WHEOD, 049 & 04 NPT DEEADBHALNTZ, —F,
2 hu—/L ERRZE 1%IRA LT BHORITIE 0 50+ 0 4235
BERZEDRD BN, INHZEFRIFFIm-T & 53572
DITNE, 1 EARROBARMEE R 2 IIIET 5720072, &
HEL RIROBEFUC TE BRI L Aok S B 208035
B EWRBEND, KIRDIBAGREID 059 & 0 4, 252(7) THE
ELIEL W b REDSTZHBO—OIZE, 29 LIzghRa
(NTIEEHRTE QRN SRR H D EEZ DD, L
L, ZHUZOWTCIARIOER TIIASNTT D Z LN TE S,
S%OMREL L TRENTN D,

3.2 INAFIROEERA A2 DFREIZE =2 558

RO BT 738k T 2 FEO A AHRD H B
B COMAMPHIRF SN D =7 RIZOUWT, ZOIRADMHEE
A T OG-z 508538 LTz (Fig. 2) . ZDfER% Fig.
8 B L UNFig. 9 (TRT

Fig. 8 iDL, 2 hr—UI N —7 RIBARENZ AT
Tt e —2 LRI PSRN Z E3bohd, 73— RIBAGR
BIOMERA A OFtH e — 27 133 ba—UTHTREZ 4
PSR B, Fi, MR A oHED. 1 mg LRI
e BWHIE, v he— TR EZE B, ~N—7 K 3% T
X% B, 5% TR LZ 40 R ChH o7, N—7 REIRAT
5 & TR A A O EN D Z L SHER S8, B
TR e olz, ZOEHE LT, SRRV S—7 RIS
A AL OWAERHFE DV HFFCE N D Th o2l LB L
DiILD, M FIRITRAGIREIZ L DAY, [EFERmO
WIEREI N, BRAGIREEDSEN VA AT ERE W, AR, MR
INH AR TTIERAGIRE 600~700°CLL_ EDER CAER S i
BATHHREA A OWEREIZ AT DD L7225 ((HEFS, 2009;

3501
300_ llllllllllllll
= P71 ¢ epsscesccceseScsms
E 2501
i}
H 2001
1=
150
f,,"f]ﬁ -o-arvka—Jib
e 1004 - \—D%3%
% - IN—DR5%
50

0 20 40 60 80
@R (hr)

Fig.9 /—7 [RIBAIC X 201 A ORFRTHEOE
Cumulative nitrate leachate from soil columns with different biochar
contents (0, 3, 5% [wiw])
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Effect of Biochar Application on Soil Physical Properties of Sandy Soil
IWATA Yukiyoshi*, MIYAMOTO Teruhito* and KAMEYAMA Kohji*
Agricultural Environment Engineering Research Division, Farmland Soil and Water Management*

Summary

Adding biochar to soil is one means to improve soil physical properties. To examine the effects of biochar on
soil physical properties, biochar of two types was mixed in sandy soil. Soil was taken from farmland in
Sanrihama in the Kuzuryu river basin, a main irrigation area in Japan. Biochar made from bark (Bark-char),
manufactured in this basin, was used as one type of biochar. Charcoal was used for the other biochar samples.
Biochars of 1, 3, and 5% of the soil weight were mixed with the soil and were packed into cylindrical
containers of 100 cm® in volume. The soil without biochar was also repacked into the container as control.
Saturated hydraulic conductivity (ks), moisture content for optimum growth ( 6 3,0) and available soil moisture
of these samples (0 4,) were determined. 63, and 6 4, of biochars were also determined using biochar
samples repacked densely into the 100 cm® container. No significant change of ks was found from adding
Bark-char. In contrast, ks of the sample with 5% added charcoal was slightly larger than that of the control,
probably because of numerous macrospores in the charcoal. 6 30 and 0 4, increased significantly by adding
Bark-char, irrespective of the added amount. In contrast to the Bark-char, no significant difference of 6 3,
was found between control and soil samples with 5% added charcoal. Moreover, 0 4, increased only when 1%
charcoal was added to the soil. These results coincided with significantly larger 6 3, and 6 4, of Bark-char
compared with those of charcoal. To examine nitrate movement, three samples were packed into a
150-mm-height cylindrical column of 60 mm in diameter: no biochar, 3% Bark-char mix, and 5% Bark-char
mix. Before packing into the column, KNO3 of 100 mgN kg™ was mixed with the samples. NO3™ leaching from
the soil column was delayed slightly by the addition of Bark-char. From this leaching experiments, we
speculated that Bark-char was not considered to absorb substantial amount of nitrate. It is more likely that
nitrate solution in soil water stayed longer in the soil column resulting from improved water holding capacity
by adding Bark-char.

Keywords: sandy soil, biochar, soil amelioration, available soil moisture, nitrate
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Physical-properties values of forest surface soil
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Table 2 {AIRHERERD D4 BRAF
Physical-properties values of river bed sediment
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Study to Build a Distributed Water Circulation Model Incorporating Suspended
Solid etc. Movement

NAWA Norio*, YOSHIDA Takeo*, HORIKAWA Naoki*, KUDO Ryoji* and MINAGAWA Hiroki*

Hydraulic Engineering Research Division, Advanced Hydrology and Water Resources Management*

Summary
In Japan, it is reported that soil erosion such as red soil loss, etc. resulting from change of land use has occurred in Okinawa
Prefecture. It is said that land where rainfall has caused strong soil degradation has reached about 220 million ha(s)
worldwide. And, management considering the movement of a suspended solid etc. became important after the accident at
Fukushima No. 1 nuclear power plant.

For these reasons, the authors investigated the movement of a suspended solid etc. caused by surface soil erosion in a
catchment basin of dam or head works. We tried building a distributed water circulation model incorporating suspended solid
etc. movement, and researched the physical-properties values of surface soil and river bed sediment, which were values
required by this model.

Key words : suspended solid etc., wash load, suspended load, distributed water circulation model incorporating
suspended etc.solid movement
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Food Web and Material Flow in Paddy Environment Free from Human Influence

MORI Atsushi*, MORIOKA Shinsuke**, KOIZUMI Noriyuki*, Bounsong Vongvichith*** and WATABE Keiji*

Renewable Resources Engineering Research Division, Ecological Engineering*
Fisheries Division, Japan International Research Center for Agricultural Sciences**
Living Aquatic Resources Research Center, Lao People's Democratic Republic***

Summary
Paddy fields are one dominant source generating organic matter in a watershed. Our previous study showed that 6 *C and 6

N standard variations in irrigation systems with lakes are larger than in systems without lakes. Both systems were used to evaluate
environmental diversities after clarification of the role of paddies as generating sources. Considerable numbers of paddies are
unaffected by human influenced nitrogen. Clarification of such paddies is possible because material flow does not contain polluted
nitrogen that contributes to noise in an analysis. We studied fish cultures in paddies located in a hilly and mountainous area of Laos to
analyze material flow in a food web by using blended pellets that contained  high & *N. Our findings were as follows:

[1] Clarias macrocephalus in the pond evidently ate the pellets because their & *Cand 6 *N were influenced by the pellets.

[2] Nitrogen absorption from pellets to rice and from pellets to earthworms was observed.

[3] Barbonymus gonionotus changed food resources as it grew.

[4] Pellets influenced & *C and 6 **N were not observed in other animals and environmental elements.

[5] Organic matter generated in paddies was transmitted to superior consumers via plural routes. This organic matter may have been

transferred from paddies to downstream or  nearby terrestrial areas by emerging insects.

Key words: Carbon stable isotope ratio, Nitrogen stable isotope ratio, Material flow, Environmental elements, The Mekong River
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BIE - SRS L BRIC 1 mITH Y, 2 » AT 1 HRE
EBRMIC BN TT — # BUREEFHEENM TNz, And
NEAFFHTIW TR bBRE L bolfE r — 7 LR
RO EH T >V — S EIKRKIED D3 % REE H Bl
ERD S DT, BN EICHRE LIIREBT, — h XY v

B LT v =N L T W B KIR E KL E FoR &4
D2 ENHRD -0, HERBAE AU FHT £ D KALRIE
&I T 5 2 & T, RERESCBAKMO TN AR T
x5, BEIEERRCT, ARG OBAEREESEL —EK T
LCHBIT —# 2B L, AR OGO R
LU CHIIE L, #EHAREF=KNALE T ORNIERS R & bk
U CRNMBIAME DT 4L & R EREO T A s LTI L
7=Db, FHiiz7z BEEEREMENER S iz,
BHEXEKRORE» BN T — ¥ oz o T hix
TrollI9000 33 & OF Leveltroll THEZa 1 43 LI, Aquatoll T4
0 BUNTH -7z, £ AT RS FHT L B
BEM L DR lem AT & 72D KO ITHIE LT,
AMFFETHWZBIEIT — & 13 2008 4£ 7 H 1 A 0:00 205
2009 4£ 7 A 4 H 23:00 £ TO 1 FERIC 1 B OKEF—Z T
Hb, ZOMOKAZHITNTHOME S 0.1~02%Th >
7=

2.2 KuBAT—4HhLONEOME GAFEEN)
AHIZETHN S, BT —2 0B~ O %t 92

FEE, 7V HBREBHOFEZIGH LI b0 TH S,
— &I, At DEEORWIBEE )L, kO X IcES

FF LN TED (Feynmanetal, 2013) (f18k12MH),

o0 o0
f(t)= ao—l—Zan cos n Zt—” H—an sinn %t Q)
0 0
n=1 n=1
L niFEKTH- T,
Q= f(t) @)
2
an:Zf(t)-cosnt—t 3)
0
by =2 f(t)-sinn Zt—”t 4
0

(BRI o\ C B D2 3K9)

R OFNE OS5 77—V b 07—V
THRRBUREA &\ D, to IR SR B,

KO~ @AM to ORI W TER IS B D
THDHN, FEMEETH-TH (O t OFRKE TDH
EFRENTWD &L XTIE, TORXMZEARRY t &9t
KREINIZE W TR ER—CTbh 05, Q) ~@)IE%
DEFERY LD,

L)AL ORED n ([ZRIST 2 AT 13 & ke
2%,

2 .2
an cosn—nt—i-bnsmn—”t (5)
to to

HO)E, ZABEOIMEEH LEBIENN D RO
(6)2 D535 & 51T, 2 224K h, & WIHIRIAR ¢ 2 & OIE
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LIRS hesin(noot+)
MWTE D

(728 w=2nlty) \ZEXHZ 5 &
hn sin(newt+g) =h, (sing cos nwt +cosy sin nwt )
= (hy sing) cos nwt + (h, cosg) sin nwt 6)

ZoLEXEG)HD a, & b, OFIE, ERIEEIFS OHRE h,
EWMINIAR @ DFLE, ITORUCT LY 1xF1IcxHET 5,

h, = [(anz + bnz) 0]
sing =a,/ vV (a.2+by?) 8
cos ¢ = by v (a® + by?) 9)

L7z o TR~ @), BB f()2, &To nioxt
LG4 72 a, B X OV by, F70d0 Bl 4 22 215 35 K OWIHINT
MzE5 2 TeruE, BARY (OB D 1 (tn) %8
LT O ERRB S O ERAEDEIC L o TRIATE
HZEERLTWS,

ZOZEERIALT, KRALOEGHEN T —% 2 B REE R
H O ZE T2, t & (DR (, f(t) DKM DOKERS
BT — & & L CGEENICEZ DT D & &, BN
BIREEAREW G & U, WO 42 OBELESyO 1 (tn)
THREE, YESWESIERG)TERENS, TDa, BLD
b, 1T E) B L PX@)THELN, 2 ROEH LMD >
BRI S MNTICR O BIND Z ER D IND,

NCITEZ < OFENH Y KRBT OR— L= (K
47, 2013a ; 20130 ; 2013c 33 L) 2013d) TiE 60 Lyl &
T TWDR, AR TIEEMS (2011) & FERICEE 4
&I D FREDMR S A xt g & Uiz, TRio
TRBITAR— L=V — RO THEE (/)] fh
SEHE L CRERI AL C/NBUR F 6 T C T AL D
DTHD (S5 OJE WL IEMEIZ 12 et .

- M, FREEYA A
- S, ERBEY:A
« K, HAGHH
- 0, FEKREEAJEWM

JE1 1] 12.420601h
J&E 1 12.000000h
JEI$ 23.934470h
JE 1 25.819342h

Z 2 CRNEN T — 212 BB L UE@) 2w T L B
FEARTE tg & UG THRE DKW IG5 n
EOREIITTRALETSH 5,

K@)B L OR@) P OTHTIEA 0 CHSFHTH
Bink, ZOHEETHEDICE G &R UESOHIR 08
W — 5 LB L T2 B,

—7%, ERRO L D ITHOEIE S, 2R\ TR B C
D G2 WD SO MBI &5 2200,
11 4 EOBFEBORIETHDLERD S (4 HFORE
HONEEETDHIVERD D) D, ElEEoORY iz
Yo TR to AHIZ KE < Ao TLE D,

Bl 213 4 WO EME 001 BERZIACHD D Z L b L

% 21575 (2014)

1242, 1200, 2393, 2582 & L7=353&, told 4 DDIED R/
MNMESE L > TROKXAVD L 512720, F 780k
IZOWNTO nIZRA)~1D)D L H 1272 5,

to = 767,397,769,200 (0.01 F[HLAT) (10)
nwe = 617,872,600 (11)
ng; =639,498,141 (12)
N = 320,684,400 (13)
Not = 297,210,600 (14)

EREO to1% 7,673,977,692 I (K 875,443 /) THV, =
D &9 R OBLHNIRATRETH D,

AMFFETIZLA T O L DI UCEEAREY 2% E L, £
TRERFVEHT — 21X LRI E LTV D05 to1d 1
MEAM ORI LMY 27, I 612 S, OE ] 12 I
MOBEKHETH D, ABFZETIZFERIE LT H HEALO AT
WedszLb Lz,

B Z AT to 2 280 AR (6720 FERE)) & L=, =0
T My I 0B (12.4206- - - ER) 723 541,036 -+ - 72
TEENDN, Z0, FEREH tg %2 My o JE#ICEl -
ToiEns, BHUZEL b Ko yH AT ud kv, Bk
D E DN S VS D 3O FEINTITLL L TR 5 23, LR
PR 2T Ve X, b ZZ O CHI -2 b D
THNE M Z L L T ST U R THRRIARFNC 22 5
Z LR B ZIE EFRLO KD 1Tt & 6720 IEf# & L7235
I M, 23O E R % 6720,7541 (=12.4214--+) TiHERl4 %
2l D, —ORIORFNZIBWT 0.01 FEFZIZIZ D
1242 Wil LRI L 725 &I~ T, Kk o H#
(124206 ) MHOTHORE SIZRICERETH 5,

FDX DT, ty WA CEl S R EEIcE< e D
E97 tolE, ty ZNERKE S LT & EHBIMICEND
LRIAEND, Fig 2 1, TOTEZRLIEZLDTH D,
B CREAREY 2 1 APl Lozt &, HAREH
DFEFLGy D 1 TS A7 50 E M DS AR D 53 B 2~ &
ENFT Rz 030, AKOSHERMIC T 2815 (TR
) RN 2y b Uiz, 72388 Sy I IRAE WIS A B
fL7p BRI m Yy hENDHOTE W, il 750 H
FTCOFPAEERTLTND,

CORIRLEE YT ey REAWT, MR ET D0
WY EFRT ATEERO LEWVMEEZRETHZ LT,
A Z EOEICTIUZ L O ERET 5 2 L3 Hk S,
BZIE, L My g% V5 2 & & LAEsER 0.001%
PUFEENEET D70, EARBOBEME LT192 A, 251
H, 310 H, ---72EREIND,

AR, BLEMICEII AR R S OMMET L2 &
HBEE LoD, FEH 45504 TIT OV THRAEE 0.003%LL
L72% 369 A (8856 MFH]) A EEAREMET5Z &2 Lz,

ZOEE, ABMORSITRO X DI D,
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Choice of the fundamental period

. 2 2
M, A 57 (2 f(t)- cos ant—”t ) cos ant—”t
0 0

. 21 ) 2
+ (2 f(t) -sin Ny t_ot ) sin Ny T t
B L nypo= 713 GIT{Ll)E 1#1=8856/713=12.4208)
(15)

y 2 2
Sy AT (2 f(t) - cos nszt—”t ) oS nszt—”t
0 0

. 2 . 2
+ (2 f(t) - sin ns; Et ) sin ng, t—ot
fB.L ngp= 738 (IT{Ll/E H#1=8856/738=12.0000)
(16)

. 2 2
Ky RiAy (2 f(t)- cos nKlt—”t ) Cos nKlt—ﬂt
0 0

2 2
+ (2 f(t) - sin Ny —”t ) sin Ny —”t
to to

{B L nk,=370 ({5 #1=8856/370=23.9351)
()

2 2
Oy 57 - (2 f(t) - cos nmt—nt ) cos nmt—”t
0 0

. 2 . 2
+ (2 f(t)-sin noy t—”t ) Sin Nog t—ﬂt
0 0

AL noi=343 (Jr1LlJEH#1=8856/343=25.8192)
(18)

e 5t & fR)OMB KA DORERFINBHIT— 2 & LTH
Z 5N TWIUE, B O a, 8 L Wb, OFFREIZA(15)
~(A8)DFEIMAN D & I =A%, Fhik X OEEDFHE
ThoHND, BRI EY 7 N ETARETH D, B
N ayBEXO b, 25, LIRLERD)~QZHNTED
Sy MO BRI & AN AR & R Uiz,

2.3 BEHILCELDIERD2ME~DKEESHROER

Wik DML h() 23 EH t, TR 92 (h(t) = hesin(2alt, - t)
L&, TOMGERIC L o TEENT D NIERICHRRE X 7210 B 7z
PLEDARJER KB DOKNL hy 1L, WX TEREIND (LUK,
1983),

hy(t) = hoexp( \/j—)sn £y X\/7)

(h : HEFIZ IS 2N LB DHRIE,
TN ZEEY D JEI, X - MR %ODEE’E, S.,T
YNy

(19)

BT 5
Eéﬁ:ﬁiﬁt, T:

ZOXTERSN DM FARMVABOWRIRI, HiD0OHKME
BETOMI, Tabb

hie) meo(-x (23 )

THY, WS OMEHE X BNRE L RDIT LD > TERIR
DHRERIBIN NS <RV BREL T Z L aRd, £k
HF RO ZE B O AL R BN 63 2 Rl AuE,  #((19)
FAD IEEBDE G370 5

[t,'S
(RERLEN=) XA |72 T

THY, WEIDOHEBHI A U CREENSEL D Z &
ERLTND

X (20) B & O QL) 1T WAL & PRk T /KA O BIfR % R
HLOTHDN, ZOORND, WEND R DEHCH
% 2 WS oM FARGERHIZOWTEL T D = & AE S I8 T
Do

R AKALABR T — 2 N oo #im A (RN S O
Bt Xa) 3L OIS B (R D O : Xg) (1E L Xa < Xp)
IZDWTC, 2 HEDOKRM MRS B T 2 [F— O 4 5
hesin(2zlt, t) OEFHFIZEVEBL TV H L&, A HUEOHR

(20)

(21)
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MEIZxrd 5 B HUE OIRIEDO L () hglha 1E

he/ha = exp(- (Xg-Xa\ /ﬁ % ) (22)

ThHY, £z AR OKRNMEBIHT 5 B HURDKAZLEH)
DEFREFL At 13

S

t
at= (XB'XA) ﬁ T

(23)
THD,

K (22)8 LOH(23) LV, =l h/ha & FFRIEIL At 22 5
N IKIRIEHEE T/S kAU L - TR S D,

T_n_(XeXa)®
S~ n'(ln(rEiA/rTB))2 (24)

—

(Xg-Xa)®
L XaXa (25)

2 Hipl A B L OB O FARNELIIT — % 2B RiEicR L
7o 3L TR JEIBE RN O 23 W O RIE & IR S, 2 Hy
R OKNAEB ORI I & RN AFE L, WA t,
LR B LUK ICENREFNNRAT S Z LTk
ST, 2ANPDHOEDTOT/S OKIEIEHEE) ZH M L,

7% 2 HS O OYIIINFE D HIRFRIENL At 23R 5
FHEIL, PIINAROZE (NAHIEAL) Adw % BEHNLCROTZD
B, At= S3EIEY X d0,/360 12 X0 FHE L=,

Table3 ZREEOHMEER (Wil s F85RRMKE
HP(1981) b LKL (1974) % —EPEIR)
Stratigraphic sequence in Tarama Island (modified from Ooga
et al. (1974) based on Agriculture, Forestry and Fisheries
Department, Okinawa General Bureau, Cabinet Office

(1981))

m EAEMROBE

% B IR e AR RRIAHCE L, IR 5K
350km FEPEICALE TS PG 5.8km, FEALK) 4.4km,
19.75km* DFEHE OB TH D (BEH Fig. 1), JLific—# R
505 12 i 30m Fiith O/ B2 BR O TR & 10~15m Rijfk O F
HHETH D,

WX EALNS, GIREW D B 72 2 IR 10m Riffh O
HORE, oa, AIRERER, A LR A E e = 50~60m O
SRER KA, TR E U R X S A A RE RN B e
5% B WbE 345 LT\ D (Table 3) , BB/KIMED @A K
ENEL AT B2 (Fig. 3), BRIZARFEHY RV T
KEINZE LT, T THRAL Y XEFLL TN D, 5
KL v X (BRI 200mS/m LU FOKTER) OmifkE
BOHBOFIFSITHY 5 10km? §itg, ZOESI3H L

40m + PRI B
oon L L0

AT TTTT TS

Om TR
BRERA KA
—20m
TITITmm
~40m | 1
% KL E
Om 1000m 2000m

Fig.3 ZREMEHEKEX (bt oRE X Fig.4

R (MRS 5 R EEMOKE RS, 1983)
Geological section of Tarama Island (Section line is shown
in Fig.4) (Agriculture, Forestry and Fisheries Department,
Okinawa General Bureau, Cabinet Office, 1983)

A o JE =]
B AEHERIY

. W R | IER

75 BEO o E—Fry”s

il [EHIHER Y | BEK Y THEHERE
g | BN F 7
|
i b iE (IR map) 10m

¥ Hit

- 5 Bt BR A R 50~

it & (Z BHAEIKAE) 60m

gi 1]

T E % R - ; . P -
=G | ” Fig. 4 AKX OPK L » REEHK (FE, 2010)
e i Distribution of freshwater thickness (Shirahata, 2010)
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JEWE T TIm AR Th 5, TTLZRMEOHKL VX1,
EORRE LY O/ m - CTofiT b (B,
2010 ; A 5, 2011) (Fig. 4),

1,300 ADOAF (BRI HEE R, 2013) DA
FAKIZ, EEEZUWKL R EKRE L CREG /KU 21T
D GBI LT\ D, FEERKIEBER & I (kT
THREER DI S>TWND Z LD D, PEBIFHHERE
TR I L ORMOKEES BARIUR L, Pk 23 R F Tl
FREEAFEOM | & REERE OLRTEADT=D DKL KB
T h LSRR A R E L, Bl VTR 24 FIED D D
FHEIC LY, KL > 20D OGBS WTHER: L E ETF
BB 1T T 5D (fFfE, 2013),

V #HREBE

Fig. 512, 5 iR OKMBLINZ Z 7 %rd, ElZ2D—E
DYEKIX % Fig. 6 12777,

Fig. 5 Ti%, 1 H 1m Bt OZBE A & O (19T6 Him)
DHTIRALIZKRE L, Y2 B km BEdL 72 PRE 4 HiR Tl
JERIZ X > CTEEMEN VI0FRELL T IZ/ > TN D Z &3y
MNDh, ET-Fig6 it L b L, RO ENVHERTE D,
- ViR (19T6) OKALEThD L &Rk LT, Wi 4
HSROKRMZETO (L ERIE, BT EERERERENTAET
Tn5,

- ke 4 HS DR B OFRIETIZ E A EE DS RNICE
b BT 1 HORMEBORKE ZITH SRR,
105 Hugi (RER) 2b K& <, 18T2 #uasl (bFEER) 23
b/ E,

FIEOFH O H TR LIERIEICE T 5(20)02 5, Y=
B OIFREERE U CHiuE, KIEJEHEE (T/S) AREWVIZ
CIRIBIIRE S 2B Z LN hnd, Lizn->T, Eidod 105
Hi1p & 18T2 M o RN ZE B O ) 1T, EPERY I3k SETREL
BRI CRE LT T/HhI N EZRLTWD, LT
T, AFROFIEC L > TZOZ ENERMICHER SN
ZEliTh D,

Table 412, 5 MmO M NN T — 2 7 b ARBFIE O
FRAT FUE TR DN EE 4 WOHRIE & YIMIN %,
SO 19T6 HusIZ k- 290 L AR & & IR LT,
72k 2 HUS O FIINCF s B AN & 559 D BRI, —
BEH SN AAENIC 360° OEEBREZ NN Z -6 DHE
DONARENTH D ELEZONDIHNENERH LN, K
HHIOLE, OB CRIFEILEEA RIHT 5B, Table 4
R L7 AARIEAUC 360° N /-8 &l - CRI S DK
FRIRHCRDS 1M/ SUVMIEIZ 72 o 7272, ORI BHE S
M2 KEAPEBE L B A D72 R4 T 5 &l
T&7,

Table 4 DFER TS, 453 ©, 105 HiS A% 18T2 L ViR
535 L OB IE R & ARV & <, E72 19T7,
0TI FZENLDOFTHD Z ENG0Dd, ¥IRTHDHD,

SRR 777 7 D> BRI - 7o s W D KA ZEZy DK
E SOEMRYEINIL, Table4 0 Z o X 5 72 RIEO ) & #&
AT 5,

Table 5 [Z&A&EYICHS B - KEEPLR &2 79, FEOH
HClb 7ok 51, AKEEIEHERE, O & DD55Icxt LT
WIIENBOE D, BEERNEOE SOENFEHEND
Nh, 4 S5 THIUTE T 8 SOKEIRENEH SH
e LENRST, ZOELOZXERDZEICEoTHRE
T ORI HETE DOZ G PED BTN D DFLERHETH D,
Table 5 OfEEAZD &, 19T7 ZWEEBTLE L7- B HG
BITORESL 2N KEVNR, TREED T ATFEOXNGHE
WALZNEI T 8 DO DA AFIENR 22 1 THE 72 100672 &
o TS, RIS, BB PERECOMEIC L DH
K8 DIKFREROHETE CIXHZINT 2 Hi CTHEE = hiud+5y
LEZONDHDD, RFEICEDEEOIE LS bl
RTE DRRE LT 5,

Bodvvaml, vEdl, ks L OIS L E N ONERE S
# 1km W E TOHIPA OH/KIE O/KTEIEBER OHEEE TH
%, TNTN 8 DO FHIMEIL, 2L L Tik6~15ms
OFHTH Y, BOAHEEHT/HE S FEHTREWFER L2
>77,

(HE & (2009) 1%, £ BMHE TITo kil b HEE
L@ KRS L LT, 1.05~2.91X10%m/s 285 LT\ 5,
AHFFROFER T & 2 KIFILHERICH KB DR S & IrR 1R
AE L CHEARBREZFR L, IWES (2009) & H#d 2
EIRD X DT 5,

% FLIR G O JE b O S 134 m-40m~-50m (1L [
5, 2009) & ENTWD Z &M B HKEOE S 13 40m~50m
BELEZ SN, BIROMEE LT45m L RET D, £
BAREE, ORI T D EERA A DN T,
SET LT Z AFEOFEICBNT0.1 & TV 5D (i
R, 2006) Z L HFEHEL TIRIC 0.1 VD &,
AHWFGEDKIEYEER (6~15m?s) 7B EHE SN D BRI
1, 1.3~3.3X10°m/s £ 72 %, ZiuE ERioollim s (2009)
DBEKEHE LSEATHERTH D,

F-EMB (1988) X, HEAR—U 7 & ARNEL S
% B OKBEME LKL o XK A TERR L= T, 5
OWEES, AL, AT A R, BRI OV TR TR0
VW, MRV, TEWvw & LTnb,

R0 XS I TKBEPE R ITE AR AR T < KB
JE SRR L BB T D - BT D Z L id T
VA, e LB REDL (1988) 23R L7-VEES - AL &
WSO OFEARIED RLEE DM &, AR L 5 AEvETES
& RO MO KFIEBERO A EOMIL, HKEORS
ROMFEBRENENTRESEL LN B2 - &, &S
THRERL o TND,

INHDOZEND, RFROFIEIZL T, #H478KIH
JERCEROHEENTET- LD EEZ D,
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TN S G DO T ARNLE T — 2 (2008 457 1 1 H~2009 457 f 4 H)

Groundwater level monitoring data used in harmonic analyses in this study (July 1st, 2008 to July 4th, 2009)
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15

1976 (A kil - 18T2 (L ED/ B 1 2km) KA —— 1977 (B HB/ B 1 2km) Ktk
——20T3(RIBD/ M 1. Tkm) K it —— 105 (FBB/BAE1. Tkem) I At

20— -

1

=

&

#

'.L

0.5

0.0 l ain

2008/7/31 2008/8/31
Fig. 6 FHFIAENT XTI T AN BRI T — % (Fig. 5 O—HHER)
Groundwater level monitoring data used in harmonic analyses in this study (a part of Fig. 5 on larger scale)
Table 4 5 HiSOBLHIAKNL D S D F=HE 4 535 O GHFNFENTHE TR
Major four tidal components as results of harmonic analyses of groundwater
level monitoring data obtained from five observation sites in Tarama Island
M, Sg Ky 0,
19T6 & g 0. 4649m 0. 1954m 0.1916m 0.1736m
GBE) wmnrm 303. 6° 210. 8° 53. 5° 108.0°
18T2 iEtE (=) 0.0056m ( 1.21%) 0.0025m  ( 1.28%) 0.0079m (4. 13%) 0.0085m  ( 4.91%)
WMENEAR (frfRMER)  83.1°  (220.5° ) 345.5°  (225.3° ) 237.6°  (175.9° ) 292.5°  (175.6° )
19T7  IEWE (i) 0.0244m ( 5.26%)  0.0087m ( 4.48%)  0.0227m (11.86%)  0.0217m (12.48%)
WMWIACAR (hCfAMER)  156.8°  (146.8° ) 60.1°  (150.7° ) 296.6°  (116.8° ) 350.5° (117.5° )
20T3 #EfE (W) 0.0297m ( 6.39%)  0.0108m ( 5.52%)  0.0272m (14.19%)  0.0261m (15.05%)
MG A (hrfiiEh) 160, 2° (143.4° ) 58.5° (152.3° ) 299.7° (113.8° ) 356. 3° (111.8° )
105 ®iE (=t 0.0444m ( 9.55%)  0.0165m ( 8.43%)  0.0383m (19.97%)  0.0356m (20. 48%)
MG H (hfiEh)  178.7° (124.9° ) 78.8° (132.0° ) 318.7° (94.8° ) 13.2° (94.9° )
SCOIHIALAR © FRFARAT OB LIS T H % 2008/7/1 0:00123 1 % IF 3% 2T oA
M L KO AHEN - 19T612% LT
Table 5 B S Av7z KERYEHCE
Calculated hydraulic diffusivities
KEAPEECR (n®/s) 8 S D i;g{%%f
RGP BNGE Mo S, K, 0,  PVEE Gaspmemse
HELIZ L2 5.2 5.5 5.2 5.4 0.7
18T2,°19T6 e v X 5.7
RERENICE D 6.8 6.8 5.6 5.2 (12.3%)
WELIZLD 12.1 11.2 11.9 11.6 1.8
19T7,/19T6 (LR 12.9
REENIC LD 15.9 15.6 13.1 12.0 (14. 2%)
WEIZLD 9.8 9.2 10. 1 10.0 0.9
2073,/ 1976 Al 10.2
BEREILIC X D 11.9 10.9 9.8 9.4 (8.6%)
BRIz L D 14.0 13.1 15.5 14. 8 1.0
105,719T6 AR 14. 6
BB IS X D 16.3 15. 1 14.7 13.6 (7.1%)
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VvV # B

AWFFETIE, PRI RIS A% E LT, WAL & 1
EENOACFE DB 5T DIRAK L v XK IE O KRBT
— 2z, 77—V AR A R U = 4 Sl O FAR0fR
WrRIE L RIEH FROAKNMEBORZ#MHT 52 L ¢, &
P KIEESR Th HKRILHERZ HEETEX 5 2 &2 H5
2T LT,

ZOTETHE, BITHERARG R AL L, —
RFRFR Y 7 b LT AR OB AR IS I o TCKER
JEBENEHTE S,

R S OHEEEN 72 2 2 #2810 2540 1M o
NI T — & 2B L9258, IS 2 MU O KA BT
— & X Z bIUEHL R O It K E S HEE S b
7o, KRB 0O I 2 LR I L TN D,
F 72 Mk NI A O BN LSS AT, HKEAKELER O
W e R E SR T E D,

Lth, ZEBETINE TN D bR < &
B B PNICBLI LS 23 2 U, Bz Ze il O A
L TENORKEO KR OREEZ ] LM TE 5
bolLEZLND,

BE RO, BAWKEEEET 1Y =7 Mg T
BLROENINAR D FR KGR, L HE IR OB O Mags 1 o 228
P GREERS 91150) OSHEA =TI ML 7=, Milin e s
MK ERD BT — K, A B A E AT AP K,
FAE R JOMAGDAGER (4K (20X, BHFHaECsn T —
ZIRMEDIENDH B D HH TH &2 W 2720 T, BLHIFAEIZ W T
%, ZRMMNESGZIZCOETHHITCOFT AN EWTZZn
7o L CRRENICEH OB ERT D,

fF% 1 T IRBOXDEH

AL DR QR)~ @) DE TR &2 =T,

— AT, At DEE O MBI f(t)1X, BRIk D X5 e
ICEEXERTZLNTES (Feynmanetal., 2013),

ft)y = a

+a; cos wt +by sin wt

+a,c0s 2wt + b, Sin 2wt
+azcos3wt  +bssin 3wt
+ .. +

+an,cosnwt by sin net
+ .. +

(7235 w = 2xlty) (A1)

RALDOFHID % fOIZXT 27—V =ffdid 20 37— U =R
Bl E WU, EEBDFY] ay, a1, @z, v, an v, by, by, v, by,
7=V RN D, ET oA LN S,
T, faERENICE bR &, T R (K ak
L by 1%, AFO L D ICHREGITRD D Z LN TE D,
R (FH) aldkd X Ic L TR BND, (AL D
WOBERFEM 0 \ZH A LU, AEoREEEE L OE

O TEIRETHELERDIND, EADEANEZIEKRD X
I D,

a= f(t) (A2)
(BT RS, UFRAL)

ai, a, as -+ &, WOXIROOLND, HlxiXarRkDD
7=z, (AL D IIZ cos 3wt & #h T T

f(t) - cos 3wt = ap* cos 3wt

+a; cos wt-cos 3wt + by Sin wt+ cos 3wt
+a, cos 2wt cos 3wt +b, sin 2wt+ cos 3wt
+ a3 cos 3wt-cos 3wt +bs sin 3wt: cos 3wt
+ ......... +

+a, cos nwt+ cos 3wt

+ by sin nwt- cos 3wt
......... (A3)

EL, ZOWBLOREAEY 6IZEDFE L D,
FLH LHED (I H 2 L, cos 3ot OFEH (1/3) O 3f5DK
F'H'ﬂ(iﬁéqziéj&f;éng, ?T&)E}o

ap°cos 3wt =a,:0=0 (A4)
RA)DAELF 2 HIZ, = ABBORMOAXND
1 1
a; CoS wt- cos 3wt = 5 a1 cos (dot)+ > a1c0s (-2wt) (A5)

Thy, KAB)DABIZONT S, B LIZE DL, 22504
RO R OBIEICE D FHOMTH LD, BETHD,

% a; cos (4wt) + % a; cos ((2wt) =0 (A6)

K(A)D AN 3T, = ABKORMOARXI G
: 1 h 1 .
by sin wt-cos 3wt = > by sin (4wt)+ 3 by sin (-2wt) (A7)

ThHY, ZOHBIZHONTY, A tolZHHFHIE, 2 2D IELE
BOBEMOEEGICHE L OMTHL00, EThHD,

F L &2ICLT, RAYDHLDIFIEER TOEDFEEIZFIZR
0, MR B RO DIE

e ——— 1 1
a; cos 3wt-cos 3wt = 5 @3 COS (Bat)+ 5 @sCos (0)

"
|

(A8)
Thn, oT, RA)DWLDJEM LI ED Iz L D LR

f(t)-cos 3wt = a

2 (A9)

LR, AL EANEZT



as =2 f(t)- cos 3wt (A10)

L%, UEDOXHC LT aankdbiniz, FHEOHETETO

a, ZRDDH LN TED
K by l2 oW T b, (AL DML sin not Z T THL D t12
BB AE LB Z L CRBRICER BN D,
FL0D L, LA (Rd=t) X, RKOBICEESERT L
MNTE D,
o0 o0
f(t)= a0+Zan cosn % t+an sinn % t (Al1)
= n=1
AL ni3EHETH-T,
ao= f(t) (A12)
21
an=2 f(t)-cosn t_ot (A13)
.2z
b,=2 f(t)-sinn Et (A14)

UEDX L TE an BLDY by OXDEH &, ALD(1)
~HnEbns,

fF% 2 ﬁiiﬁ#ﬁiﬂ:‘.%%@iﬁﬁ‘/? FEDEKBIASB
AWFFROTFIEC X0 i E T 2720 ORFE Y 7 b Lo
&G D BRI 72 lﬁjﬂﬁ%, Microsoft Excel 2010 (OS /% Windows7)
WG O Z R4 2 & TR 5,
Fig. ALIC, 7—2 v — b LICEHERZ AN LTEEA S
8 & DI FE 2 B L 7R 2 v 3,

T O

O RFNBLT — 2 D ANT)

AFlE BFlZ, U—ri— h%ﬁﬁﬁbw‘oﬁzﬁuiﬁﬁf (FE
TIL 5172501 TH 6 4TLLAFIZ), /KNLoD 1 W] 2 & 8856 MEf] OB
RIS T — 2 2 ANTT 5 (Tlfmﬁu, FeMATIXES 8861 1T & 7
%) ZL OHEANMNETIE, BT H7 7V r—rvar V7 ME

- LIFERE - T ORALOMIY B O SIHTIC L D YK L o KK 00 K BLE BE E Tk
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W27, TI“—ItHL‘lJZ AT Ly Ryr—FDTHIZRNR>T

REf 23 1% L EH O E T — % % CSVIEX 7 7 A LT
Tgesz %0) BT Excel THHWTC a2 — X=X Mk VW E
LT kv, RBTRO AFIE, 07 —% &OXHERTD5

T DT DICBMHEEZ AT 2 b DT, LUFO5 i
WIEA WA, B A, Ao (1)~@) (T8 1 X (A1)~
(A14)) DI THS

QWA Tt) OEEEA)

R R AT — % OJega L R U470 CHNZ Toy AL, FJ
2o TLATIZO X 19 o LT 8855) £ TH# AT D (T
KOG VEIFE C6:C8861 ICAT)), ZAUMARILDOA(L)~(4) (fF
8% 1 O (A1) ~(A14) Dt THD

@RI 2 mDT —# D AT
D FI L0 A50T 142 & 251 HNT, AXOXE)B LD
X(4) K(AL3)B LUK (AL4) THEM Y A1T-> T an & by ZilH
FTHIZDDOILE 2D, F RIS ()& —ABRBOEEHET S
FEIN D FIZ AT S3U TN D M 53 D an Dt & 72 5 2, 2(3)
(FK(A13)) ALK 5 Z R\ Z:T n=713, ,=8856 & LT
Fod, BRI Excel DB EZAWVWTRO XS IZATT 5
(FIIMNE /L D6)  =2*B6*COS(713*2*P1()/8856*C6)
FTESNC AT EN TS M 3D by DT & 72 5 ik, K(4) (K
(A14)) AN FHFE 2 72T n=713, ,=8856 & LC, K
RAGIZIE
(FEIMNtE /v EB)
DEIAIIT %,
[RIARIZ S 200 (n=738), Kzl (n=370), O
[ZDWT, FHIDD KAIETHRD L HITAT S,
(FEINE/LF6)  =2*B6*COS(738*2*PI()/8856*C6)
(FRINE/L G6)  =2*B6*SIN(738*2*P1()/8856*C6)
(FEIANE/L HB)  =2*B6*COS(370*2*PI()/8856*C6)
(FIMNE /L 16)  =2*B6*SIN(370*2*P1()/8856*C6)
(FEINE/LIB)  =2*B6*COS(343*2*PI()/8856*C6)
(FIMNE /L K6)  =2*B6*SIN(343*2*P1()/8856*C6)

=2*B6*SIN(713*2*PI()/8856*C6)

S (n=343)

A B (9] [n] E F G I W ke L %]
1 M2 EAPEFOE | S2: EAFREOEN | K1:HAEmB RN | O1: EAF2H ELE
2 Az = bz = e b2 = a1~ b= a1 = boi=
3 0.006  0.001 | -0.001 0.002 | -0.007 -0.004 | -0.008  0.003 |[—&F[EeiT~3e0s1iTEY
4 fitrl tl 83.1 83.1 -14.5 14.5 | -57.8 122.4 | -B7.5 67.5 |—FOFEAFEEL OISR
s 1BRAF—203F—(2H) ] 0.006 83.1 | 0.002 345.5 | 0.008 237.6 | 0.009 292.5 |—®{5WAOIE/NEAMAR" >
& | 2008707701 00:00:00 0.438 of 0.872 0.000 0.872 0.000 0.872 0.000 0.57% 0.000 | 3#IERMAE: =0l & IS8
7 | 2008707701 01:00:00 0.437 1] 0.785 0.424 0.757 0.437 0.544 0.227 0.548 0.211
g | 2008/07/01 02:00:00 0.436 2| 0.483 0.739 | 0.436  0.755 | 0.785 0.437 [ 0.771 0.408 |—D 3D A A ¢ =2¢BExCOS (713x2+P1 () /B85Ex08)
9 | 2008/07/01 03:00:00 0.435 3| 0.046 0.869 | 0.000  0.870 | 0.614 0.616 | 0.648  0.580 [—ERDA AT =Z«BIxFIN(T13+2+P1 () /B856%09)
10 | 2008707701 04:00:00  0.437 4 -0.35%2 0.786 | -0.437 0.757 0.435 0.758 0.449%2 0.723
11 | 2008/07/01 05:00:00 0.438 &| -0.719  0.505 | -0.760  0.438 [ 0.224  0.849 | 0.304  0.824 |<—F3DA AL =0«B11#C08 (738+2+P [ [} /A8HExC11)
12 | 2008/07/00 06:00:00 0.442 6| -0.879  0.094 | -0.884  0.000 | -0.004  0.884 | 0.098  0.879 |« GHDA AN =2xB12¢5IN(738+2+P1 [} /AB56xC12)
13 | 2008707401 O7:00:00 0.447 7| -0.8%24  -0.348 | -0.774 -0.447 | -0.236 0.862 | -0.118 0.586
14 | 2008/07/01 08:00:00 0.453 g -0.559  -0.713 | -0.453  -0.785 | -0.457 0.782 | -0.333 0.843 |« HADA AF © =2¢B14xC05 (370£2xP [ () /885601 4)
15 | 2008/07/01 08:00:00 0.458  &| -0.146 -0.906 | 0.000 -0.918 | -0.653  0.B45 | -0.533  0.747 |< I BIMA A% =2«BI5#5IN(37042+P1 [} /B85ExC15)
16 | 2008/07/01 10:00:00 0.466 10| 0.316 -0.877 | 0.466 -0.807 | -0.810  0.480 | -0.708  0.BOB
17 | 2008707400 11:00:00 0.473 11| 0.71%  -0.623 0.819  -0.475 [ -0.4916 0.238 | -0.546 0.424 |— S A AF 0 =FxR1 7005 (3432 2%P1 () /ARGR¥CIT)
12 | 2008/07/01 12:00:00 0.478 12| 0.934 -0.202 0.4956 0.000 | -0.956  -0.008 | -0.933 0.210 [« BD AN 0 =2¢B18x5IN(343:2+P 1 () /885ExC18)
19 | 2008/07/00 13:00:00 0.481 13| 0.921 0.278 | 0.833  0.481 | -0.927 -0.258 | -0.962 -0.021
20 | 2008/07/01 14:00:00 0.478 14| 0.668  0.686 | 0.479  0.830 | -0.825 -0.487 | -0.924 -0.251
21 | 2008/07/01 15:00:00 0.475 15| 0.250 0.4917 0.000 0.4950 | -0.665 -0.679 | -0.830 -0.483
22 | 2008/07/01 16:00:00 0.471 16| -0.224  0.915 | -0.471 0.816 | -0.462 -0.821 | -0.B88 -0.B44
23 | 2008/07/01 17:00:00 0.465 17| -0.631 0.683 | -0.805  0.465 | -0.230 -0.901 | -0.506  -0.780
24 | FO0R/07/01 18:00:00 0.458 18| -0.872 0.285 | -0.918 0.000 0.012  -0.918 [ -0.293 -0.868
25 | 2008/07/01 19:00:00 0.453 19| -0.890 -0.1688 | -0.785 -0.453 0.245 -0.872 [ -0.080 -0.802
26 | 2008/07/01 20:00:00 0.451 20| -0.684 -0.576 | -0.451 -0.781 0.462  -0.775 | 0.133  -0.8%1
27 | 2008/07/01 21:00:00 O0.448 21| -0.325 -0.831 0.000  -0.892 | 0.640 -0.821 0.346 -0.522
28 | FO0RA07/00 22:00:00 0.445 22| 0.118  -0.882 0.445  -0.771 0.778  -0.433 0.532  -0.7T13
2G| 2008/07/01 23:00:00 0.447 23| 0.533 -0.717 0.774  -0.447 0.867  -0.217 0.692 -0.566
H = S S
Fig. Al Ffufigt FZEHH > — h off

Example of spreadsheet for harmonic analysis method used in this study
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New Simple Method for Estimating Hydraulic Properties of a Freshwater-Lens Aquifer
by Analysis of Tidal Groundwater Fluctuations

SHIRAHATA Katsushi*, ISHIDA Satoshi*, YOSHIMOTO Shuhei* and TSUCHIHARA Takeo*
* Water Resources Engineering, Renewable Resources Engineering Research Division

Summary

A new simple analytical method using a harmonic-analysis technique and a tidal propagation formula was applied
to estimate the hydraulic properties of a freshwater-lens aquifer on Tarama Island, where the development of the
freshwater lens has been expected for many years. For about one year, data on the tidal fluctuations in
groundwater-levels were obtained simultaneously from several observation borehole sites on Tarama Island, and then
applied to the harmonic analyses. The harmonic-analysis technique used in this study, an application of the Fourier
series expansion method, is composed of fundamental calculations of trigonometric functions and time-dimension
averages. The sets of harmonic constant outputs from two observation sites that differed in distances to the coastline
were then used in the tidal propagation formula of an unconfined aquifer to determine the hydraulic diffusivity, an
important hydraulic parameter for planning groundwater development.

The estimated hydraulic diffusivities of aquifers in northwestern, western, southern and eastern parts of the island
ranged from 6 to 15m%s, which is consistent with previously reported hydraulic parameters. The inequality relation
between the estimated hydraulic diffusivities of the northwestern and eastern parts of the aquifer is also consistent
with the previous study.

Key words : Freshwater lens, Unconfined aquifer, Groundwater level, Auto-recording continuous measurement,
Harmonic analysis, Tide propagation, Hydraulic diffusivity
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Transmission work between VIMS and iVIMS
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Selection of a project
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Display of data loading
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Composition of a GIS map screen (iPad)
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The example of a tool bar and a tool panel
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a5

iR ET o R e X

B mieks

e S~
S TSl

1 %

>

@0

Fig.21 LA ¥ (E:JxILfiibA¥, H: FTUuBEREBLAY. £ LA YORE)

Composition of layers

70V 1 7 MIBHEA
3
RIE(LE(GPS) ™~ -

Fig.22 #pRY—, F—HV—)L
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The setting tool of application
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Selection of a photograph addition tool(camera)

Fig.25 U A Z4RiZ Wi (/£ : iPad, 4 : iPhone)
A photography screen with a camera

Fig. 26 ‘5 H AL {E 50 FHEE O il 71
Adjustment of the position information on a photograph
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A VT THD), METFROMIEIZDOWTIL, VIEZSHOZ
Lo BUHARY o CHER A S b, TR Y L CHEN
M7 A 2 L LTBEMENS (Fig26).,
GHEAEFIIC BT 2855813, vy v —ARE o aH
v 7 UTHEEMEE SN & BT MR TSI, IR
WZRHESTIT B,

5.1.2 34 T3 UhbOEEEM

iPhone R iPad IZIRME STV D T4 7T U hbLEEF O T E S
IR, HEKZZOT A 228U SERENT-BETFO
BEAT Y =7 MBS D121E, T2 —uins '5EE
ETA L TEN FE MFEARRXFAC R A 3R
0b, 19477 VLGB 28R 5,

(47 ZVNDEEBN 28R 5L, F4 77 UR—E
FIRENDHOT, BIMLIWEEATRY 5 (Fig.27) ,
FHEETA 2 GBI 2581, 7477 Vb GENER
WEND &, GEONEFROFEERII /20, SRR
DN ERAR > CODIHET. BAITTOMBEIVRE
ND, MBI, HoTHIEHEL W7 R Y=
7 NOT—ZFINOLETE, FIRIIVTODHIROHL & 72
5, WK%E KT 7952 LT, GEONEFRETET D2
LIRERECIH D, VN —LED THEE Ra ¢, B
SNTBIEAIEIZRS Z LR CTE D, Fo, MEHFROMMIEE
A BRENLEI A2 > CQUVRWEATE, THTIEICHE) R
V& ONNZT AU, BUS SN-HIfEALE & - 2 CHE AR

Fig.27 747 7 U h b OFHEBER
Photograph selection from a library

T ONEORRE, MEFROFEDT-DOSHT—4 L LT
RFETDIENTED GBUMES LD DITFEIMRES I
LEA T THD) BIHR S o CEERE AT v oL,
TERZ L CHEERHENCT A 22 L L TEINELS,
FEASH ARSI 2551, 74 77 Vb HENR
BRENDE, TV r—y g DT —2 & U CEINGERN
TS, BRI BLET Hid,

5.1.3 BE&RR

BHR SN TV (A7 V= 7 R ERIC LA YO
T, GEPBEET DN TNDA TV =7 MERTET DI
T2 —=nb LA YEEMER) 238075, B8R 5
L. FCUAYIZHDAT V=7 MOER S BEEhES)
F N TOBHI(RTEAT V=7 MBS T4 MERSR
Do ZOBEETREND DA D Do

ED A VI BEAARE LT DN IS DR BT
TRl L CRLMERH DY, EORMI TG AT LIZ0NT
PO IR DEEN D5, B Tt LTCFEOEIT T,
—NT, RS L BRI DU TAE & OBG A1 772
M, BINEL T2 D LTS AR EETH B, AV AT A
TiE, ZHUTK LT, VIMS 25 iVIMS ~07— X T4 IEHE
AT 9 ECH, BEOBEOHECOTOIAREREAFEH L
Too ZOBSRIFRRGIBRE CIIE QU VRD o Ty, iR
OFEF, WE T SIGBIN LB CH D,

5.2 HhA EHEHE

521 HEAEDERE

Hi FVz A B AAE L CGBINLZ Y . BEFOHIK A € 2H 5k
L0 351003, T—2 VD [HIR AT 2EE) %558R
T 5, BT D EHIK A EOFHEEIZ/R S, 72720, LAF
Y/ THIX A B LA P OSRE SAUTUVRUOGATIHIE A B
EIREATZI2NDT, FANRE L TR BER H D, —ER
ESNe7ay =7 N, WElotE v a o THREITER)
T H(Fig.28),

M A B PR Y — ) N—/E 2T H DAL »FC, HiX
ABUAYOFRR IFRREGVEZ D Z LN TED,

P FTREN T DEHFOMX A TR v 7% v F (B
L) 7528 T, ZOHBAEIDNEREI, AEE W
LR END, v 7 X T LIAIBICH DHIK AED 5 B,
RBAMCHD BTLYY) HIAENBRIND, FRISNZ
REH LOERNCH D P& ARy v 24 v T35 8
T, FNZHDHHEKAEDNACERR S35,

FORSNTREH LS DTRNXEIOR S a2
TITHI LT, FOHMAELZHIRT 52 L TED, 72721,
ZOHIXAED VIMS EBEZFEHISNIZ b0, HDHWIAT
7" U NOBEHE T A—LEE SN b OOEAIE, BRI TX 72
v \(Fig.29),
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R TENS

Fig. 28 Hi[X] A &> — /L D38 IR & MK A T 4 BE] ]
Selection of a map memo tool, and a map memo management screen

TR/ IERAA vF

HEA T LA T OBIR

THPAEDBR (f) &
HRA DRI ()

Fig. 29 [ A& L o ¥ DR
Selection of a map memo layer

5.2.2 A EDHE

Hi A B EPREHCY — W S—LEDFNER S B A T 5
L HLOHIX A BRI 72 D, L5 20—V
BEEIVCWD, iPad Tk, &xDRX w2 T LT —)Vi
YW #z 5, iPhone Tld, BUHEDY — Va5 T A 2 DR
VRS T LT, FREIND A= a—InD )V EEIRT B,

BAFARL AL > THAFEND ETHB SN2 H 00, Ok
DOHIF AE L UTIRIFEND, BUHARSZ L, fiEEhiet
D%AFHE L CE BRI 2% (Fig.-30),

Y —L e LT, 7 U= RTRRSCTRE < 12600
A=) BRIRERREAR S TedDT A L — L SR Y
TRy =T F—R— RN ATI LTI I290D T F A hY—
Jby STERERE T2 DA Vv ——/b B L= 5005
FHET OO L T L — IV EHE G Lz, Zei, Hli
FRERY T _RUDEERUE, 7+ N AT (KT,
TAy AR U HR) | U Z IR T X 5 (Fig.3l),

5.2.3 EERERTAI

HiX |- C 2 SO F R 212, 7 — 4 Y — b TR
BRG] 2@ IS5, JRINT 2 SRR e B, R
FHAHRIHIR OB, Fi s, ERRECTE AV C, FH
L7-WEFmEoRSNA L 912, B2 &R A hil i)

HARHET DN DD,

PEEEHIEG Gl > — S/ R & A 7 %580 C
x5, WY A TOEAIE, MK ECX T LIS KT
7 UIAHEORIOHER SRS FoR S D, R A 7Dl
Alx HK ETH v F Lifr@Ea s LT R » 7 UTAE
APl LT & 2 DORDHER LB TR s D, B
HAR7IE, 1000m ARI0EA1E 0.Am £ T A— kb, 1000m LL
FOEEIT0Ikm FTOFE A— LD, HKAELAY
DERESHTUIUE, V=50 THIK A TIRAF ] R
AT, BUEF RSO B FHAERLZ X A & & UCERFS
5 Z EDNARETH B (Fig.32),

5.2.4 h[X A EiA{SHERE

APPETIL, AV A N COBEERBINA 4T 5 AlkEN:
EEEL, TTOT—HX—AEEHESRT 5 28T, n—
TIVOBRBHZIRNTa B —3 2 TEEZEE > TOD AN, FHISGE
BT — 2R Y AT L > TR 7 A MBS —
HPREND Z ENEB IR DT80, KT 7V r— a3 2
AV EREZAIT 2 L & L,

HH[X) A BB C, MR A AR S QO DA, Y —
JWR—IZ A=)V E SRR &, BRI ST M A B oofE]
% VIMS DY —NIZA—VIEETHZ LIS TED,
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et N E 2

. BB L UVRERS Y
Y—ILERRS o LREREARS > (iPad) iPhone Y —JLiBHR/SR L
Fig. 30 HuE A € Dl 2 1E
Drawing operation of a map memo

RV—)L A V—)v TERX Y=L WL LY —L

Fig.31 > —1
Drawing tool

Fig.32 EREEEHNOMEMIE] (/& @ BRlEY A 73R, A YA TFRoR)

Distance measurement tool
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Sending a VIMS Paint Layer

VBRI o 00 10

TE Sanding & VIMS Puint Layer

<Tami versions"1 (' encomngs"UTF-4°7>
NS _EXCHANGE PROTOCOL
<Content Typo="PuniLayer>

VBT

102

<Catogory>1
Cooniinate_SWs—d8418.T11, 176814 703 Coondnabs_SWo

ot
NG _EXCHANGE PROTOCOL-

&

Padtr & MW

_NE

Fig.33 HI[X A E0D A—/LEE DM
E-mail transmission of a map memo

EAE-BEEAED
A—LEE

A=t —sS—

#FATONRAE—, T)—A—)L)

D

BEhA—)L0nE
Fndsh

= ‘//@ SQL Server

—

F—AOEH

Fig. 34 HiX A €D A—LIEZ DN
The flow chart of E-mail transmission of a map memo

A=V OA L, A5 L7 VIMS H— 33 A 4 H EhiC
ETED I I, HIXAEDOABEEEHRCA T =) S S
QD XML 305 & 72D, lEIL, ARSI TFRRS
NHANKEE2a—TZDOEERERZ A2 LT,
VIMS OH— NHETDH LN TEDN, 7 FLASLARE
HELCAHETD 2L LETH D,

AR AT KL, FANUIAEEBRCS Lo AT AL L
T LIz b D CTh D, B COMERRR, st & DS,
AEISET—X DD OERORI A, B CRIEE CHEET 55
B0, BUEOBATET IR e & 37, &z Lo
F—ZIHIZ L VHEREELVEAIC L VAR TE S
(Fig.33),

L2, ARAEBRL SSERplin Y, SEBETIRERE L T D
HOTHY, HEEBFORRA SEERCBIT 5 Z L3 k<
HHL, Fo, KERFOREREHETL 2 ENEE LN
bbb d, SEERRTL, BEIRAREERSGbH Y, K
AT ITHER L TS BRIEIBEHEAAE 5 i il oiéne
ZRI-EIREE BB Z HIVHD, FBIINHEREZ DU B EIE
135 & OO T, AHEREAERT 5. (Fig.34)

5.3 BRET—HDRTEMREE

5.3.1 BET—2DORTLESE

WX ECRIEAT V= RERIRL, FRSIRE LD
HDOALME RAIR S Lo o T HE ZOFTVx 7 M)
BT A 2 TIHRVGRIE, A7V 7 MIBET 5T
WARET—2 DY A MPFoRESND, U A MTIE, BEfHT
HIVTNWDST —X DNl OEMET —2 D&, T—7 VT A
ay b L BIZEDT TN EFHECTEH AR RS, B
T 7 ANDEEIL, T 7 ANV LRI AR RSN D,
BT 7 A ADNHINE T 7 A IV DOBATEE DY DR A D,
DD T 7 A NDEGEIXT 7 A NFRERN DT A 2 33T
FoREND, VA MIT, EHEOBRMT —2 27— Vi
Lo FThHE AMESNTWDZORIET —2 NFoREn5,
o ZA MUTT—T N4 TH B (Fig.35),
FREINTBET — 2 D& T 4 — )V REX v TTHE 2D
7 4 =)V ROftEE— R/ 5, BT —2OfREIL. V7 K
V=7 ¥ —R— R CATTT D, MideaBiladd e, A hoRy
VIMERS AL D, MERS X v T H & Tk
WEINT —H _R— AT S D, Bt v VT 5120,
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. i - - r—.—l
T_R8 - BEmE

Modified 2012-08-15 06:20:27.507
AN - BNE 2009-04-01 00:00:00.000
AW - PWS... 50
LRy i

AW FWEAW 5
i WA
annwy 1
annasy.. ML
Ennasn... 0
FHXT 1
FHXTFWE... ML
FHLTAR... 0
mmiam 4

meanwe.. GEE

Fig.35 PBHHENET —% 7 —7 ) « BT — ¥ OER
Display of a related attribute data

BN O BitAME... 1
RERAWE... O AmEmERR 15ER
AENE 1 L i ol ]
SENAVE... BN MERANE... O
MENEWE... 1 RENE 1

AEmaRLT WIFEEE M ARAEY

E S | EMWEWE... 1
RAMRRT O mENan ey PEERE
LM q |

Edit of attribute data

iPhone DEFEIIZE LD F ¥ LR v iPad DYFATT SRV
EEDT—TNY A NIRDLRE 2B T D) A /3%
NOIMAZ S 7% % (Fig.36, Fig.37),

5.3.2 BHEET—20EHLER

PREEE— R TV & FRINTND BT —X 2
HZENWARETH D, A ORI 28y T7 58, Bk
F— A PMEIRESNFETRENAD T, WENAERET S, 77
A THRHT — 2 _R—A S, R 7 V7 M
RRERHT LD,

ZOEMET—H D VIMS THITAERR S 2 H DT, 7D
VIMS L[S IUTUORWEATE, R 2 Ol lBRR
B UNFIREND, BT — 5 BT 5 Z ENFRETH D
(Fig.38),

ZOMEIL, BlZIE DEIOT—2 2R LIEEE, HiLoT
— S R DG ERIT 2, MERE ORI 2 /KR
WEREOT—2 20O FEa b — LU TEEOTET—2 L LT
FIR L, N T — 2 SR S & ZATGT— 2 2%

Fig.36 BPET — % OfFte (/£ : iPad —¥B,4 : iPhone)

Ll T TT.T )
LI T T T.1-%
LI TTT T

p——

Fig.37 BYET — & OfRELEE
Editing operation of attribute data

kX L

Fig. 38 BMET — 2 OBHRAR 2 - LHIERAN Z
The functions of duplicate and deletion of attribute data

THELZENTE D, Fio, BHEET =2 =R EH
THHN, VIMS ([T EN TS 7 +—LThiuL, 44
A FT, BET—F_—AFBNLT, By MHZENTE
%o BIZIE, RIESKIREOBREEEEA DT — X _R—A Tl
HAELFFTCLL ORI TH, BT — 2 BAFCE
BT, SR ANEER TRy FLTC, T— X 2H-lEX
AR RSB ZENTE D, AUYA N CORISEDORS
\DERELTMRE LTEx D, (BL, SRS HEAIAT S =
NEETHLND, ARIZVIMS AME Ty &bk
EFE LY,



176 ST TSR

5.3.3 EBilT—20EMm

BT —H2 DU A NERITC, £ bORMEBIIRY Va2 v
7952 LT, Bl BT — 2 A REAHT D Z L ASTRECTH
b, FRENTZT—TNDY A "SEEHT 5T —7 L A%
RU., FTRENTZLEORNIET—H Z il EHwE L TRTT 5, %45
DOFFORMET — X 1 IRAFTE 720 \(Fig.39),

7, JERMET— 2 OB, bR, BB RGBTl
FIVCRD T2, FREBROFER, MEEHErSiuBint
T HERETH B,

5.3.4 BREEET7 A ILRREEHGEA EOER

~ o THET A 2 ATV MR L, FoRSmR
SHLOARIOBME REIRE %8 v T THE ATV
MIBBEFHT IV TWDEIEAERTREND, Fi2, BT A =
VUNDA TV 27 NINBFORENDRET—Z DU A MIT,

% 21575 (2014)

BT HIVCO B 7 A VOO & RER 2 %

Z 7L ThH, FOBEG)FER E5H(Fig40).

5.3.5 Ef&7 71 IILDOFRREIRE

GBS LD & T ET 25 THERT D Z L ASHBET
D, PWRFAZIL RZ v FEETBEIT 2 2 L A3 FRETH 2.

FERBHEIODY —S—LSNDE 2 S T D & =N
— &7 7 A UER SV EIEFORIC LT, Al Clig A
THIENTED,

FHES » T IUITEDFTRIR D, /b S DIRN 7
FRZ By 7T HT LT TOBGERBRT 5 Z LA hE
ThD, 7220, TOMWERVIMS & BECFII Sz b o,
B DUNIAT 7 U INDERE T A —/Lis{E SNZ b ODEATT,
HIBRTCEZRY,

Fig. 39 BMEMET —% T — 7L ORIRE 7 — & Otk
Selection of an additional attribute data table, and edit of data

Fig. 40 P {E~ 7 A LD FER

The display of a related image file

4> @

B AEDFR/IFRAAL T

i o®

WG A DOER () LW A Ofk

Fig. 41 Hifg A E DEHL
Management of a picture memo
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5.3.6 EfEAEDEE

REREE{ROFTRE L, iR A € OEBREH & FHeAa T D,
VN2 2 F/HDAAL v F T, R AEOFRRFEETE
YR D2 LINTE D,

il RSN QOB FOBIR A T2 75 T (K
L) 52 LT, TOEBEAEDNERSI, AEERTIRE
HLAFRRSND,

1T H T LTS DR AED S b, febAimld
% LYY iR AENENEIND, FORSIIZREH LOAE
S D & ZAERA X v 7952 8T, FIChDHHE
B AEDIACERE N,

FRENTREH LOARNZH DIRNXENDORE %2
TITHI LT, ZOMBATEHIFTHI LN TED, BRA
EIHI AE LB, VIMS EBBZFIR S 372 H OSEi§)3 2
—/LIEE ST b ODYE T HHIBRISFTRE T 5 (Fig.41).
5.3.7 E{&RAEDHE

[Hif 7 7 A VOFTREE T — L —LEDFNER T % B
TVHE . BHOBER A EHEEEIC R D, {420 —
NPHESIVTND, iPad TIE, #xDRZ L HZ T LTY
—ILE2G)0#EEZ 5, iPhone Tl BHEDY —/LATRTT A 2
KL a BT U TEFRSID A =a—BIERT 5,

HX A E LFRRIC, SRR —Ud o —ddrt LT
WS, FREBROFER, T4 Y —b, THRA YL, 1
LI LY —VaBid 5 &L bic, ZhucaHbECEERED
HRRA AT LT,

PRFRZ AL > T FESND ETHIB S b 00, Ok
DOWGEAEL UTRFESILD, BUHRZ L, filsnizt
DHEMEEL TEIG 7 7 A VFTREICR D,

i AEOEEL, APy —Y—LVa 2 & EFRE, HiIX
AELFERECTHD, 5 2 1EBHROZL,

5.3.8 BHEXET7AILDOERT

5T A 2 LSNDF TV = MinbIEREND BT — &
DU ANMIT, BET B TNLET 7 A L OA4OAT)
ERARE BB TTHE, ZOLELZT L Ea—T5T L
NT&ED, 12721, iPad X iPhone T L B = —ASAJREZRLL FOD
IR D, bk, VA MEIZR RSN TNDT A a2
T 7 A NFBEROT A AT e > TNBHZ & & AN
KENDORE D Z & THRITE B,

< iWork R = A2k

+ Microsoft Office K= A2 | (Office 97 L%

U yFTXANTA—~vv N RTF) KF¥=A b

*PDF 77 A /L

+ public.text |ZYERLL 7= UTI (Uniform Type Identifier) Z4F>

TXARNT AV

c U EEY (CSV) Ty AL

7272 L. %2 Microsoft Office R = A2 M, AU vk
FAENE 2 IR D EN B D,

MOEE WMARON e

— = T
o= =l —==l= =  —
- e (o N e e e o
o B ‘e o ——— —-—
=0 c::E:cagaEgFa- ===
[ e = -
- = —-
- :.nu E 1 |4 )=
= — :I:I%:
===
- - P EE — —
s [ ) ‘e T
- L =) - 4
| E;-—-- ——c—-

Fig. 42 BIHCE 7 7 A LD For
The display of a related document file

ZOMDIET 7 A ML, 7 7 A NORMEDSET OEMET—
2 & LTEFRRSND,

BEISGET 7 A VOB L > TETERBH LY, HA
HINZIE R T JEMECA 7 m—b o FEMETHR &
725,

FORBE DY — ) S—=LSNDE G 2 v T & =N
—ZHFRN LT, REETCEARE T 5 L TE D, T
FER o TIIUD— N SR—N R END,

VNS HOIRDINE e By T D& FDIFETR L
TOS THESITWDOEME (A—VKE TV M) M
ZOFRIAD Y E A B HAIFREIRD T 7Y AR LTI
HT LMNTED (Figd2),

VI BUhEREOMAEZEMRIT 5 AR il

6.1 AR#EBEDEIE

R—=F )L« U7 UT 4 VR(Mirtual Reality)i . [MiEERZE) &
—OICRSNTERY , IS ) &, B a— XN
ENTAUEZE M PR e — PR’ T A b O ThH D, T
FUTH LT, AR(Augmented Reality)id [HIEIERIE] L5bhd
RETH Y . VR DHEL LTl T D, VR AMABZERID wIH
L THST=DIZRIL T, AR Tl BIFEZEMIcE AT dEZe
& s, xR RE AT 5, RUAT LTI, EEEER
BN CRIFT 5 2 L 248w L, SRR Ol
AL ERCBR T D g PR R A B o D BfrA BdE 4
Do LinL. T OBIN ISR CORINTRE £
59, BUECORMMIMEE S5 YEEIRORNEIR G T
TOFM & LT LOAMBIERDT- b D#m & LCoF]
FHZES RTRE T 2 (/1W£,2010),

FARINCIE, A8z 30T DHRONIE - J51h) - Wif %
PANT I ADII AT EEEMFUTIST D8R Of7E - )7
M - WAICOST2 AT 2 LT, BATNLEDIAATEL
FEOMYL D FIAHBZED = a— F WA U T L E A BT
BT D, T AT ERAVRES T HIARZER IR OMYE § 21Uz
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BEL CHAR > TWD 2 &T 7 bBFEOMRIARDN
WIS THRA D, GlcT 2IERIIA b0 | 4
PO L 9 73RS oS bbiut, £ IR
RO 972 CG A A=V DR b5, FlZITHITIC
HIRR SN QOB KEE L, J B SIIRFIAUTTAZ TRl T
By B NAT NS ABINST EHIPOKEFE DT A U ISRA
D, EVWI X O ENTED,

EE L, BIFEDH A T ONGE L 5105\ D IERE IS
LC, (RARZERH OIS il LG 2\ NSl c s LT
BT D DDSEFUED 72 B IR IBRI SR T 723 B,

T A FAEORIHNZAT 5 B, GPS « E-=a /%A - N
HEFHZ LD b0 L&, Fiplie " Z— AR Lic~—T—% %
AFNE LI AT A FNEEHEEST 275036 0 |
OBUR G U TRV VT Hivd, Fz, fiimL L5 &3 5048
ZENDOA TV 27 NOBINENE LB Y 74 B O
DN 7 L—Ab— |~ (1HHORmEE) AMKF LS
MEPNKOITLE D, TDI=h, HDHRERNET /LT
EEMESHTLED,

GIS D7 —4 ZflioT AR ZATHWAlE, Mze5E-CHIN
DEH 7T A —FROT—H I HHENPEL Ieb 2L &, ADH
BRIV ETTFRSTLE D ST ETHENIFITTLE D2
O, FAX—FZT—HIEDTIZ, FA L NOTA LR
UTCRENDHRY B—FRT—HDIHE LT,

PC ETHIWETZ VIMS TiX, mIDRV\Y X —RKT—H
BER A > 2llhb s LHICTHRICR S 2 5252 T3
W DHERENN B D AN IVIMS TR S 2Rk 0 25
oL TERRSIE TN,

T, RMELNGESOT—F ZAil 5 2 L 20T, HEL
TR AR5 X 91 Ll kiS5 T g,

GPS « fEF-m12 /A SRR O oA — RS X R
JEC®H %, GPS OIEEIE 10m B2, 1= v SAFJE Y OBl
SOHBIRDF LTI, TS OREENEN LRI &
T BTN GERESHCLE S, L, B =0
X —T 7 AORECTHDH Z b, /~— Kok
TS LIS, 22Tl ArEsiiesem SHiE7 s & ORSHE
g5 Z & T, RIS L7, IR, Z2TH AR HREOEYE
FEZOWCHIAT 5,

6.2 AREMEE ZTDIFE
6.2.1 AREFEDIER

GIS HXiE DFoY —vinD AR BRG] 23R 5 &
AR E— RIZ72 Y AR BENERIND, 7277 UNLEEH—
ERADNEIN 2o TND Z EMMETH 5, AR ML, AR D
TRy &= NI DRR S LD, /b3 iPad Tl
EE O L, iPhone TILME D FIZFER S 415 (Fig43),

AR DFTRENE, AT TESNTODHHEIGO HZ, Z0
IRFORLEER & T M ZADLEMERNOFIR ST AT, &
TE SITAxE SO HZ T — 2 BEREND, HEigT A =
VATVl MIOWTE, EOFEND 15m OF S ONE
(FOREI, R RO £ CH OB CRELCAEI TN D,
T A AT DHDOIFERE K FERENH(Fig44),
6.2.2 ARDiREE

AR X, AT TRAZCOAHIHDOT—X %FoRkTHEND
JFEE b, ZOEEIEARNITT M ADEES (i L %)
AT 2

AREENTHER SIS R OB, D003 SEEEL,
LTV bOZMM LT3, FERCEWE L TSl b 2< FRkO b0 & 725,

BRI A Z G Tl < 1O LA R FR

Fig. 43 AR Wi OA%RL (4 : iPad, 47 : iPhone)
Composition of AR(Augmented Realty) screen
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Fig. 44 Wifg7 A =1
Picture icon

KELFOWYG bICH RS, Hitha ik
R 2 LT — 2D FoREn5, HXOF
FUIAKIET, Char ) v o358, K
PR ARIBEEN TR EN D, Ao
a7 v 7958, EHFERERIRNIRES
no,

Fig. 45 AR D#{E
Operation of AR(Augumented Realty) functions

WAT V= FOFER (F) b
FT7V=y NEMT -5 DR (R)

F7V=y FOFR (E: I, A ERTA2)

Fig.46 F+ 7Y =7 FO®EROHI
Selection of an object
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Fig.47 —r3—L > —o L] (45« iPad, 7 : iPhone)

R IV EM -

225m b=

74 AVEM
853m

Rrfm
2.4m

o—
o—
b i hd A7)

L
2.1point o

The example of a tool bar and a tool panel

A FEEC K- TR L KRRV L7205 2 L 1din
VY, 22 LTS BFR SR SIS 5 2 Ed
ARETdH D AR DFERESY T, 2ARETALIRDIETETITR
Ty TR T AL T, YT AL NIEFTE D, LEF
VR VRS S OB TR S5,

AR FERERSS NN TR 2 /2 EOBIEA TV = 7 b
o FTHE, TOAT V= MINEREN, TOREAT
REHLAFREIND, A7V FEgEREN5 &, M
0y 7 Ib, REHUILERRISNDLZA MUS, S8R4TV
=7 MNET AT I VLN, A7 V=7 MONEIRT A 2
ATVl FOBRIE, BIEMTHNTWD T 7 A AT
%(Fig.45).

X P UAIECHD ATV 27 bD Db, bR H 5
LAY DAT V=7 "SR ESND, FORSITZREH LA
McH D Fa& gAY %22 v T T5ZLT, FZhdH L
A Y DAT V=7 ’EITERIR S 5 (Fig.46),

FTVx 7 MR L, FoREITRE H LoAMOS TR =
FKHR R 2B v T TDH e, 2047V MNIBERET b
TWDENET—Z DU AN, F3A 7 V=7 FOEET A 2
COYATL, BRET HIVTO DRI S ND,

A7V x 7 NOBRC L DO R 7 T D%, T
—HDIRNIEE S o T T DI KA EGLNCAT A T HYE
LT AT V=T NOBRERT 5,

6.2.3 Y=L

VN DR By T THI LT, T AV AT
SNT=ENEND Y —)VEFATT D, > — VL iPhone Tl
AR EEARICER D LD AR TR T 5, TDTDEi
FIUZF Y v (ERFBACS. RD) A2 nvd b, iPad
TR —I—EDORY U PEDR Y TH— "= 2—L LT
FREND, iPad THx VT HHEAIL, Ay 74— —

2—DIME % 7T B 2 L TR v L ENA(FigAT),
6.23.1 LAXY—IL

GIS MUK ZIIT 5 LA Y —/L @ Th b, ZZTD
FREIT, GIS M D LA YRk E L HETH Y | GIS Hh]
R TR RS LD,

6.2.3.2 Ay Y—IL

ZORY U ONIWZTHIEICE D, AR Frilnzu v
LCAT V=7 NOBERBEN 2D, v v 7 T DI,
TR %5 75 5 (Fig48).
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RS, R e o G
oy 7Y—L (/£ : OFF, 47 : ON)
Lock tool

Fig. 48

6.2.3.3 FREEV—IL

[RD R 1, < ORIEAT V=7 RS, MR <
\ZH > TFIRENDT2OEIRO7LNE DI BT L 1l
DOERINERITI ST LE I 720, fFRE LR S L Y
HITWH O AR S EoME S U CHskE Ui, 7 A =2
PEEE) 1L, WG A 2L ATV 2 NS VA A — I FTY
=7~ FUAT V=Y MIOWT S FROMIEA 7Y =
7 N ERRRER, K 0EWH O THERT_RERMEE S
B8, BB E CE A Lo TnD, ZDT A=
VHEEEL D BTV b O S A, [FoRERE S 1 T
— B B FTRT DI AT NSO S ZRET D,
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Display setting tool

FAEAIEZ ON I LT, 3oy > TS JF1aINS
R TE LOBEERZ V2L, I A T
PETTL LT, A EORERY & E T
MAIE SN,

AN
(=)
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=

Fig. 50 7zl LR {6 5l

Operation of direction compensation

RIS 2 ONIZT D L, v VT L—a V) 44
TRINERIND, TRy a s TCEEFNOFY U T
= a Y IMTONIZZ ERVEATL, S T L—ralE
TN E AR AN B0, T v U 7 L— = U
FIHEDRDODS TNDT—IREREND LT A%
M CT—HEERS AL, 20T —XITH A TEIEHE
D L NTT A AEANT T DIRIER & > 47,

AR S | 13, 13T — 2 L TRIE SV D HIE Gl
SHLBHN, AR TiEA A TG E 2> T S UL 22 <
LB DHID, T THIREATRETH I LNTE D, O
BRI B CIZE EN QR T2, SR BRORE R, 24
gL DU CEIN L 0Tl H(Figdd,  Fig50),

6.3 LIEEROWHE
6.3.1 {IEFERHEEDIEA
NETFROMIEZ BEfIECT 2 &, AL QD T—2
— AR ST BIERIET — & D DBHERTEN RV BHf

TEEAFH LT, MEEEOMHES U ShafiEsiaT—
Zi%, R, (BRI — A DD BUG SAUAL B, A
TERONEIEE, 35 L ORI AR O S D, Ol
FBIRT—2 1%, FHEERY L CEG T 22 L LGRS
BB AAET L CIRET D L XTBIT 52 EvT& b, £
7o, RO EERIESIT — & O T — R CTHET- /e
ERIRT — 5 BIICE 5,

TaT el NBRFIRAEINZ E FIT, FAUBREMT B
WHEBT — X 2N T v T NMTHRAEN. TNHLOEE
N X~ T 7 a2 ANEIC R e —Zhksh
AEY HZRRFEND, Frp—eid, B
VoA LT OEATH LT 2 b 2 HRANCHE> GO THEA
TSNS ZAIEES LT-RIE Th 5, % =fIEDsHE]
DB HAYEENILNZAIEAEICHY | PHElZIBANT
B MADER & e Dfol LEHER - b O TH D, 7ok,
TAHHTEBRT — 2 pNBShs & 20 Rux—XiTEAnAL
I, FEAIEIZIBT DHIEMIE, LLFO L S IE RS2,
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FIRI NS SIS, ZOFEE TR SN A0
PERZE £ = MAfE4E R x—Xh b, Z0=MafF0
3 DOTEAITBT DIEARY MV (BUSALEEAE) DA EALE
JEEAIAD R V) e =TGN TRIEAIRT L. BdGShie
NEHEEE BT DAIEY M VERH 9 5(Fig5l),

ZORER, WIEBET— 2SR VTE Y, FOBET—4
OFIEEICITMEICZR D . a7 MEIHND EOEirc
3 DOBMT —Z D OARIR S D, MHESHT —Z I3HEE
ECTHY, Hmcky, LV e T —2Tho &
WO BREETRNZ &, BRIORBIEEEL L TE-ST 5,
6.3.2 (IEEEMIESRT—2DEE
NETFROMIESIRT — X OFHEECIX, GIS HiE A3
HEREN, TO LT = _N—RFEN T L BMET
— X PFEREND, FIESHT —X 3, MEFRT—EAD

Fo+—m&

= Az 4

BUS SIALEZ IR O~ —2 T AHHIERONE Z F\ v~—2 T,
Z DM EREICHE A TR END(Fig52),

EHLEA COBMRT—F OB, ALEAEAS TR %
ESIVTND L ETETHRETH D, YL —LEDBNIRZ
BHyTTHE, TDL XORGSIVNEEHRE FEICHEE
ENTODALEOMN, MiESHET—& & L GBS
(Fig.53),

EHERC, BEOBRT—4 54 vy TTHI LT, ZDO%
T —Z BRI D2 LN TE D, ¥ v 7 LIAGEIZSH DT
T=HADH L, bACH D FTLY) FIET—X N8RS
N5, FREINFREH UITIZBINESI B FOR S LD,
REH LOEMNCH D P& ARy v ey v T35k
T, NMIHAMET—H ARSI NG, Fi2, Forshu-
W& H LS DIRNXFNDR S %4 o 7952 LT,
TORIET—X ZHbRT 2 2 LR TE 5,

AR

WEXRY b+ HEEHE S

Fig. 51 (EMET LY X A
Position compensation algorithm

ANN

j

Fig. 52 & AT LS IR T — & 0 HL
The management screen of the compensation reference data of position information

=)l

HUEBRT — & OBIR S

WRIESES—5 DB () &
MESEA—5 OllR &)

FHESRET — & DOEFER
Fig. 53 (&Ml ER T — % OFBOH]
The management of the compensation reference data of position information
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AETIE, TFIZRWT, BIRBOE RS, Tk 25
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DANERER I (2B D GIS BARONLE ST A BN L,
TR Y RS b LT ERE & B S VT3 A AT
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TIRARD L LB, B UREO AT LT,

IVETIET A2 7 GIS IVIMS) & OB L TRl %
L. VZE, VEETITE AL GIS DA by 7R AL MR
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Hip s 2T L L 72B VIMS 134V Y5 —4 %2 ESRI £ Shape
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G Lo & RIEZ T, X972 GIS A7 i
2.9 BOERRETL T BERNH D,

SE

ICT #HFH2011):E/ A /LA S B mRf Ay, ICT #it

A U=y b AT 4 TREAFEIN2012) : Android I FHEHIAFHAT
012 A LA —F v AT THRAWIE], > 1A R&D
/IHTEARR(2010): AR— IR TE ~ 1 = i
JEMOKPER (2012): - Hbgk LRI Hil
JEMOKPER (20138) © S HEI B9 2 B fiBREs Hil

JEMOKPEER (2013b):55 2 [B] TH0b D EMOKIESEHEHAS ) BofsHeeeh s
92

http:/mww.maff.go.jp/j/kanbo/saisei/honbu/pdf/5_jirei_noushin.pdf

TR - SEHTEE - HEE T - AOREE - AEER] - A HEETR(01L):
ESIRMIES< W RO Da I a=r— 9 GIS ORI E
RLAFFeae, 211, 7195



184 AR e 8 215 %5 (2014)

Development of the Mobile Geographic Information System for Investigation of Farm Land
and Irrigation/ Drainage Facilities

SHIGEOKA Tetsushi* , TOMOMATSU Takashi**, SYOU Naoki** and YAMAMOTO Tokuji***

Agricultural Environment Engineering Research Division, Rural Development and Planning Division*
Imagic Design Co Ltd.**
Agricultural Environment Engineering Research Division, Department of Planning and General Administration***

Summary

Today, We have the problem in order to maintain many of aging agricultural irrigation institutions in Japan.
Therefore, We have to carry out the stock management project for these irrigation/ Drainage Facilities Maintenance.
With a stock management projects, we have to build the database which collects and arranges the various information
about each facilities intensively. This study aims at development of the investigation system which supports it easily
and cheaply by building this database. Therefore, we will try the development of the on-site geographic information
system which can work at the spot with full practical use of the mobile PC represented by the communications network
and Android which were accelerated rapidly in recent years and broadened, iPad, iPhone, etc. The characteristic
technological subjects that our study have to cope with is as  follows; 1) The improvement method of acquisition
accuracy of position information with reducing the input loading of information. 2) The easy information input method
by on-site survey and utilizing the feature of the mobile device. 3) The system practical use methods, such as AR
function.

In this report, chapter 1 explains the background and necessity for development. Chapter 2 and chapter 3 arranges
about a development plan and a technological opportunity. In chapter 4, the design concept and structure of the mobile
GIS engine which serves as a core of systems development are explained, and the feature of this system is clarified.
Chapter 5 explains fundamental application, Chapter 6 and Chapter 7 explain the mounted on-site function which is
utilized for stock management etc., and clarify general technology of this system.

The mobile system developed here makes the following possible. 1) Practical use by investigation of a disaster
situation, or investigation of an abandoned cultivated land, 2) Easy making of the database and layer structure according
to residents' request, 3) Easy creation of the system for which the community asks, is enabled.

Key Words: GIS(Geographic Information System), maintain local resources, AR(Augmented Reality), mobile,
stock management
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JEMOKPEERFTE (BEE3E) OEEEROTER S 21T 175
A, EERTHA AT 1S H A (RMHOKEER, 2009) EHZ,
SEYEND 20 AEDL EANROE Lo BHIMEH & 239 Tic
A2 TWS, THHICIATRSIC L SRS m
FKOFIAZ B E T 2 BER RS 232EICHZ < SIE
LTW5b,

AR, BRAEEMESFORICAE L, HROPTH M
O THEDOFHENLVETH D, I HIT, AL 23 4 (2011
) HAEHIS ORI ] O K O ICHIBRHIBE C b e~
J=Fa— K97 ITAORMENEETIETHD, BA
RO H 5 416 FOKRF1 (KRR CToOHES
) & T HARLROPEERZRIL 430 BIZEATHS (H
SLRICE, 2013),

21 HAUC A T B S 2001 4F 3 1 24 AL [FERE 13
(2001 1) =THER) (KET~7=F=2—F ) 6.7,
REE 699) BNEELTWD (KRBT, 2003a), [T
<~ =Fa—F (KETF, 2001a) 1ZLLTFT IMj) EWEFES
5, LT, ZOMEDIZIZ10FE%D 2011 3 A 11 HIC
ENBAS ER R OMETH - 72 TR 23 46 (2011
AR A HUE MG AR IR ) (M§9.0, B RIREE 7) 73584
L7 (R&JT, 2011b, KT, 20123, KET, 2012b).
21 AL OWIEED 10 FHNC H AL T 13 OPEMENR A
LTW% ([ESsZRCA, 2013),

IINECTORMBIC X DREE & 521 72 K& L DSEJR)
WEEZZT TR, L, v/ =Fa—K67 7%
(w7 =Fa2— K550 F) Z2HzHHETIT/RASNOR
EEZT TS BIXIE, BJIS, 1995, EEF S, 1997,
)15, 1997, #9)115, 2008a, #4115, 2009, H#)11 5, 2012),
BN O LBV E M 5720, K& LOZTF - HETO
I FEE Rk & GBS R 2 IEE T2 2 L 1E, 4 A 0H
BRPEE O O O EERFRE & 70> T D, Pk 24 4F
JE Q012 ) 26 EMOKEES CIE, BRI
[ i AR A A OFRE I 72 M RB IR T, KHURHIEE OBy
BNz & 2 HFRREAE D Z2 3610 7 /KBS RE DR R OB &I L
T, EEEREERN S L 175 20 (BRTD 15 X 25280
GEE 190 #2) IZxtT AL ENFME A KR L TW\WD, Z0
FEAMT ORI & L COIERRIRFOFEE - Jii TINEOFEM O

ANEES, HMERED

R, QFGEE - HTIC L VI SN AMRERREIN TV
T (et) ORZO@ERIMATIC X D itE MR
28D brr 2 HIEEEN S 2 2o @ iy s, %
SRHEE T D HERERZ T & IR AR R 00— RN 72 S 0 A i
HTND (EEEREEN S L2 2O EREIZ oW
T WAk 24 4 3 A 30 B AT RATHRBUSFR TR EE) o
@9%®@W%$E%ET&A®WE@b%%ﬁﬁét
OEE N E LTHETH 20N RERASMED (A
TIMRFEERH) CTh D,
INETIZEE HIZE - T 2002 4 (3115, 2002a) K
TN2005 4 (HE)I 5, 2005) IZERMOKPER OFTE LT\ 54
DO HEBHIERGE GEA & U CIEREFR Y OB T 25cm/s?
PLEOFS) &0 ELdl, ZnblTilfiE, AT
i, @ DERR 13 4 (2001 4F) =PI, @ PR 15 4F
(2003 ) TR, @ TSR 16 45 (2004 4F) ik
PRI |, @ DR 20 4F (2008 4F) AT - BRIV EHIER |,
® EFERNEILEOME 2008 47 H 24 H) | HUO® T
A% 23 4F (2011 4F) AEHUEHIG AR HIEE | DRSO O
HIR IR GE R D JEMOK FER OPFTFE LT D 4 L TOH
BB A L, ANJTHUEB) 2 0T Uiz, IR L7z HiEsl
ek %E & W F & T CD-ROM (ZUXEk LB RICIRMT 5,

I FRK134F (2001 F) =FHE
WP NME O ZZZ=HEC 2001453 A 24 B, 15KF27 5312 Mj 6.7

(E—A v b7 =F 22— F (Mw) 6.8) ® [T 13 4= (2001
) ETHE) ZRELL, T A b~ =Fa—F (K

G4FT, 2001a) (XL FC TMw) LBSEET 5, Ji e IR PNET
(B AR, KT (B Ky BB KOVAE

IRRBEPIT CIREE 6 99, T HAZHFOIEE 1 U EEZE
HIU7=, B, dbfE34.1° , HRR 132.7° , &S 51km,
T4V L— RS, AT TN, TIEL- WS

ﬂ@%%?%é Sifile EOMERM R ETOWENH Lo
Tmo TEREEIL, 26 H 5B 40 /012364 Ui- 22252 =R

LD M52, RS S0km, KR SHROMETH 7= (K
BT, 2003a), [REITICXY TERL 13 4 (2001 4F) =T
M%), SE4FR% [The Geiyo Earthquake in 2001) & 4
Shic (K&JT, 2001b),
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2.1.1 ALETRUEH

ey 4 2 (Fig. 1 (REAROKEESS H DY [ R EUR DU 1tk
BREEBEET, 2011) 1, BERKOEKOAZEZ B
LLEEHIRT 7= F L (F—FLR) THY, [H
A AIE B R KR AT K0 B R R AR O — ki
JNER AR N TSR Z B L U CIRE L 7 Tk
Z VT 1997 4RICARIRZE T L 2001 4EICB T L7z, FIR/E
BEDOWYE, B, BECAED AN &AL L, 2% 31m
BETEE 210m, AR 63 T m®, SZ3SHfIE 10,318ha (9 5
1,993ha (Z4H) 2%k L CHZIIFAKEIL 1,020 T m’ TH Y,
KAR, FyY, Ly RS RO SEN | e 2 b
WHIX CHER LT 5,

f@l>%ﬁﬁA

Overall view of Sako Dam

2.1.2 HEROKR

ARA BT HGERE BB K T d 0 IFKAL EL. 134.32m
(13.3m DIFKE) Tholo, EERERRORSE, BEILEE0
e otz (KB, 2002), k& & L0E ORI % Fig.
2 VR T, AL AE, EARXa 7 U — R ATO—N
7R HIFR R BN E C & D W PR ESRE AL & SR TEE O e
HIFEFH AN ST D B & 7 e KN i % Table
112777, Table 1 T Maximum Acc. (cm/s%) | MR
VIR ARINEEM (TAce.) X [Acceleration] Z#E9, LLFIA
) TdH D, Maximum Acc. Ratio] DOHIDOEfEIL, HEAL%
DBLIN A T OISENHE O e KAt %, ATIIERE & e L
7o B SO RE AR 00 FERE L2 A 24 5 B S T o dR R
B L OBR UM (RARIEERL) Thbd, ZOHRkm
WA (LLF T, Ml L 42) 1%, FEELSOFR—
FRIZHK L TOMETH D, AKX L TIE, BEAEFEOBH
RCOBINESRE ATINEE & R L TWD, LFOX A
2B L C OB S 7o e RO BB 2 [RlkR D % & LTk
LT, RPICES CBIIROERSZR#E L T DR
FHHRX= 7 ) — N AOWE, EEROBIESOAED
EHIEES L D EEECH Y, RS VR OEE,
FEREFR 2 OB )N B A R T O Ml L B 1 S, Sk
R TS OB SR RENICRE SN TV ABENH 5,
THBO, HRIAE & FEEECH Y B O e
B (H) 1% LR, 7258, HORME TR G sk
DI & Bt U, BRMIEL Lz, LIFOF A
B LT b RBEICALBE LTV 5,

I
[ 316.701,6.9, BE46.5km, AR |17

e
I

v VL7
;/m“/ [ ? -

34.0°

| EBS L(G): MARTERES.9km

ET.1 ) = =

52 //“ -
335° S =]
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Fig.2 ERE X AGLE
Epicenter and dam position

Table 1 BLHIGTER O RN HEE

Maximum acceleration of the observation record

Th_e Geiyo Earthﬂuake in 2001(2001.3.24)
Stream Longitudinal Vertical
Crest Maximum Acc.
EL 146.1m (cmis?) -441.5 -339.0 -103.4
H=31.0 m Maximum Acc. Ratio 4.50 1.87 1.55
Gall, Mdmun Acc. 98.1 181.3 66.8
ery ) -98. -181. -66.
EL.1193m fem/s )
Acc. Ratio 1.00 1.00 1.00

AL DT, BYEERE 43.9km & HEROEFICITN 2 &5
BRI (M5 6.7) (T Hhi U Rl PR RS A 0 fi SN 2 il
PSR EVN, T RIREE AR C X & A 5 [0 D B KN A s
PRSI U C 2 R & K& WS, RIETIE LT
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FRMEEE O R E SN & 72> T 5, RIEOIEEL
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ICHER L TCESLUTTh S, Zhhs, BIENTO ET
FRI~OEBOBIENEBR L TWH EBEXBND, AKX L
%, #BIEER #Etk (W/H) 2677 (=210m/31m) L EJ)
X7 V=X L2OX LML LTI VHBRENT L
N5, HLFROEEN /NS L, RIEFHTO LA~
OB EET 2 THDL EEZXBND,

ATININEEFEF Y C & D BUANLE LR NG, A K 2 TR
BB AR C OB FE T O MR A7 bV (3
WEBIL 5%) % Fig. 3173, LT MITER, & L
FFINTARR, S ORI XA CHEE LT 5, L
T AL THIMEEIRE A7 MO TR
TRy 24 LT, BIHIZIEACE RS (FOK I567)
EEREHUEE) (UK ORAER FRRIEEISE A~
Rv (H20) ([ B BOR G AR FTR ) N SEER K B JRATF
JEEE, 2010) B LT\ D, A AT A O N EE IS
2% 0.15 R F CoOREMMEE TIX E MR E Y RE
<, ZOFRM I ERMEN IR E bIIZIE R
DIRPEISEAE T I D, 0.1 IR O JEHNT iR RO INH E G
BERHY, 3 PREETCORBAINR D206, INEEIS
BAEITRA L, AL R JEmEIE T oM R A E
FEHIT/N S  ZCIEHEE S AU CU7pvy, SRIE 7R O IIE
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B, BHE4 LB, O, AHEEIC L B HERITA
ZABREHFICE X ICRRT 2 B2 N2 HEHTH
D, Fig. 3 OAHELIEE AT bbb LL 2 HiEE)
ELTHEEEINDUAPICHICZ T 2R S o MBI 135E
LWy, FHIEREY, K[BITERENSOHMES DR
SERTHIEL LUEAE LT 2HAZ AW (KRBT,
1996a, K57, 1996b), BHIE, LT CHASINHEEFEY
T HEPNGEERTE O = Fiapn & vz, ok, 4 A
O Hi A A SRR Eh LA S A BRI ERE L T
Do ZOI, [RBEBEIC I VRE SN TRV HIER
THERELZ K o TR S U7 D BE T 20 & FHIEEFE 23R
TWB70, UFOER LY A CTOFNEEILIRET)
LAFRENDFHABE L IZRRD, BEETH D,

2001324 TheGeayw Earthquake in 2001
Sake Dam -Gallery (A=5%)
T T T T T T TTTT
Lower-limit acceleration response specirum
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===~ 1t Vertical direction

Acceleration Response (cm/:z)

100 T TTTT
0.01 002

T T T TTIT T T T TTI
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Fig.3 NHEEISE AT b v (] PRERE AR
Acceleration response spectrum (Gallery)

MR 13 4 (2001 4) ETHIE] B OBRRFSRTAS &
ICEF IR SN THA LMK L T\ D, LLFICHE L
D KFFHIERF TG, HER ICER RS2 Ffli L, Frad
L 72 B SORDLANBLN S L7 Bl & A, JIE X A, SRR
DN OBEEN S N AT 4 AT, BiEAR, Rk
JERBIE N OEALNBIM SN BE b H o 72h, WE%RO
FREOFBYEI 2582 70 EOMIEE R L, LetEE
R L7220 Bt Zffe LT 5,

DR 1345 (2001 4F) ETHIER ) Ol & 2 OHERD
SRUUA B, A I REIR L PR O & 2R IR A, O,
F R 72 B 106V E IR AN L, 3 Lk
O RS HISECIImE EIS Al ANE & A EBLI TV el
EIAER ST,

I AL 15 4 (2003 4F) +RhitiE

JeviEE MRS S 80km T 2003 46 9 1 26 H, 4 ¥ 50
T Mj8.0 (Mw8.3) @ [ Fpk 15 4F (2003 4F) i |
DFAE Uz, ALHRENOFIERT, FRT (BL: FrOvJ2m ),
TR, FEAEMT, FRINT, EuEnT, ER G FRIED,

FIFEMT R OV MT CHe R EBIE 6 59, i < (XBI T I2 0T
TREE LU EZBN U7, BT, b 41,87 Bk 144.1°
RE 45km, KT L— b _EmOWiliER o 7 L — R
THAELTHETH D, ALHEE K OURIN O AP R HER
DB S A, BUHIFHA TR 4m OERE ORI R S
TN %, [AH 6 K8 /3T HAE Lz i KEE C HIlIT ¢
I RIEIE 6 B3 A B L7z (KT, 2004a) . HHEHIGE (1964
6 H 16 H, Mj15 ®EKEEV) THLERRAF IR
W& 7 DR ERETHRLSE REBEWRAT, 2013) &L
THEH SN, AHETH /NG CHgEA M O Ry
HEORFN (OOR B WHES) B ER5 20 FOFLE
OHIFED) XY, FREMERTE ORERXS v 7 g
L, KERFEA LTz RIESEERGT, 2004), [EUTICX
D TERE 15 48 (2003 4F) HsnfiE ), S4FB4 P4 [The
Tokachi-oki Earthquake in 2003] &4 Siviz (KRBT,
2003b)

3.1 E&EHFL

1.1 ALBETRUEH

E/AEX L (Fig 4 (HIzmE AEER» R, 2011) 13,
BERKOEKROHRZ BRI E LT, EENADOPEKEE
S MIKAT 20 AL T VE AR A SR HT 00— ) KR
EAJINT 1988 FEITAMRE T L 1999 4RI T Uiz, K
e RN B H S SR R RE OB 2, KRS A 32
& UI-BE 2 SR CTH 0, 2Tkt L CThHE O
BREEEBITIE T 4 VS A T DK KEEDFEIG LW IRl He
FRIERE 2 S & L QN D, 2oz, AR AT
ERMAEENIRa 7 ) —E L (F—FLR), fiEHE
Eia ke 7 7 AV LE LTEEES L TH
5, ar7U— R ELEEO Yy T T 4 NE BDHROESET
DAy — MEERSIEAROELEZR T Y 7 7 ¢
WE RO AT ZAEEDTN—T Y a A F K
BB LIZALHEEDO D AN WAL L E LTHID CTOEAS
LTHD, i 472m (227 V— N LH), 17.7m (m
v 7T 4 VA L), HIER 350m, AR 201 Fm’, Th
%, ZASmEAEIL 12,140ha (3 TH) ITxE L CHZTKE
116,000 Tm’ THY, LHHAZL, AL, JIFED,
T H e E OB RFOAEMIBESNIER L, {E O SE M
& SN Z X THER LD (SER S, 2000, [EH
Ta@EEACEERFE R, 2011),

Fig.4 XAEH 4

Overall view of Bisei Dam
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3.1.2 HERFOIKR

EI L X AEOBRE Fig. 51071, KX LT, HE
X DNOREEDRREN D, a7 Y — kX LEROT R
AR & BRI, RONR v 7 T LA BERO HE & BT O
DU P MU SR S TV B, B S T B R
% Table 2 |Z/R" T, A¥ LATIX, 227 U— K& LEROHN
PRGBS A R C O BUHI G SR 2 AL & 772 LTV 573,
IHIZ, BT T g )VE BNERO T ORRE) O WG 2 3
Himba sy 77 4V E DO T A s T 4
LEBOLRTEFR O N E 2 fEME X IS TRR LT D, 1
VI T 4 NE BEROFRET T 7 U — MY OFIR T A
JEL D b BEKMBEMAEIML TN D, By s 7 4 F L
H oo S CHEE IR S LTV A EE LA BND, =
Y7 ) — b N OWEESEARR T, ETHAm & & A
FHANTIEIER U RKIEEEf TH Y, vy 7 7 4 )V Z LE
DHEBETHFRETH D, Wi F LRI O O 710 T,
& LT OFEIENZ B 40 & 3[R FR 0D $e KON AE A 430 L
TWb, ZiE, ry 27 ABRTENRN= 7Y
— P A LEHEICHZ BN TV AR ARREETH D Z &b
TN U — b LR OIEE N7 > 7 7 L F L
ROREE L TWD EB2 05 (), 2005),

7

o | ‘ﬂ

gt// [ B34 LE): RRERE138.1km |
I %\J‘ 07 - /7 4
i |

| <]
M;8.0(M,8.3), BRE45. 1km, T KFREE6TH

147.0° 1430° 144 0°
Fig.5 ERE ¥ AiiE

Epicenter and dam position

Table 2 Bl ER 0D e KNS
Maximum acceleration of the observation record

The Tokachi-oki Earthquake in 2003(2003.9.26)
Stream Longi Vertical
c Maimum Ace. 167.4 1125 89.7
rest 2 - B B =87,
FL-407.77 m — 252 1.69 144
H=17.7m i i : : y
Maximum Acc. Ratio a8 ©0.97) 133)
Rockfill -
‘Maximum Acc.
N 1248 1159 -67.5
Base (emv/s”)
EL.394.30 m 1.88 1.74 1.08
Maxis Acc. Rati
ximum Acc. Ratio (1.00) (1.00) (1.00)
Crest ‘Maximum Acc.
. 40615 m  ems) -153.3 104.2 -70.7
. H=472m __ { Maximum Acc. Ratio 231 1.57 1.14
Gravity -
Gallery ‘Maximum Acc. 6.4 66.5 623
A . . .
EL.363.50 m (cm's)
Maximum Acc. Ratio 1.00 1.00 1.00

A7 Y — R A OISR B AR O M EE BB A
kv (REEERNE 5%) % Fig. 6 \2R9, =S & HI
[FEROIEEISEE T D, AR FRIEERE A~
FAZERIR L, NS WITHESEE Th 5, BEHERT
DOIGEE B DA N 230 OWME A3 A T BRI
JSEANT B RO BN, By 7TV DD A
COBEANLE WL & NTTIEEFY & U =356 O s
JSEARY RV Fig. TIORT, By 7 7 4V LEROH
HEDR MBS 27 U — [ A DO AR B L
DHRENZEND, Fig. 6 D7 U — k& LEOWE
H A O LIS AT bV 20 b I G E TR
Lo TWVD, ZHUE, T v T T )VH KEROHAE M
DIVZVEDTIR « FESFERD 3 7 U — b F WERD Jj5pE e
B0, TANEATH LEGIEE X HE0 A EROH
WHE D MR L CWD EEZBND, By T 7 ¢
JVE DERONEFESE A7 kv (Fig.T) (=227 ) — b
B LERONRESE AT bV (Fig. 6) &i3#en, LT
VAT & & 5 TR O N EE B O v — 7 236 T A I
BHLCHERLTWD, a7 U — N A & o
v 7 T 4 IVH WD FEERE D J1E OFE X B N
JSEANRY NVOMEZR T D70, a7 U — hE A
FROVWREEERIR & 7 v 7 7 4 L Z KO B S
DOIMEFEIGE ARY [ V% Fig. 8 ICHEIQATRT, K=
oV — N AR AR GRAEEAR) , MRR e » o
T4 NV BEERE CREEAR) o= Fksa ThDH, LT
DF LU TY, BRDBUINEOINEESE AT L
X THATIRT 2HAI2E, FECHERROE O
EIZX s TENENOBN A A FE L THiBE LT\ 5,
BU S OIEEETSE A7 L ORSE /&R, BT
T OV WG ) (JE B OMl#R) o 0.1 BPaiitg & 0.3 Btk
DAY ONNEEEEDS, vy 7 7 4 VF NEEHE T
7 U — N LERIRERRE L D b REL RoTW0 D,
B, WEHS CREEOMEEIGEE CH D, FHE
FEix, a7 U— L LETIE38 THY, EfE4, vy
TANELEHTIEA3 THY, FA—ORE4L LD, 725,
A I BT O & A b FER ISR AR G IR /K
AL : FWL. 400.70m) @ 1999 4% CFRE 1145) S H 13 H, 2
RF 59 Sl ALEE FEEARE BINT (BL : $lIEETH) 2 B/IRE 75
Mj6.4, TEE 104km OME (KGTH NIRRT - BE4) %
FRER L (EREREY 90km), =7 U — N & SRR
KT 457cm/s?, 7 U — b & LERIETEER T 82.8cm/s’
DARHTERED 1/2 FRIE QR INHER (& I B FFm
WAy EEER LD, ZOBICH RS ROREE, B A
AL TWVRNZ ERERINTWS (SRS, 2000),
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203926 The Tokachi oki Earfhquake in 2003
Bisei Dam -Gravity gallery (k=5%)
10000.0 T TTTTIT] T TTTTTT] T T T

Lower-limit acceleration respomse spectram
— Horizontal
= : Vertical

— : Stream direction
— — - : Longiludinal direction n
----- : Vertical direction

:

E

100.0

Acceleration Response (cm.’s’)
:
1

20.0 il
100 T TTTTT T TTTTT T T TTITIT
0.01 0.02 0.10 020 1.00 2.00 10.00
Period (s)
Fig. 6 NIMEIRE AT ML (27 U — b AERIRE A
JiR)

Acceleration response spectrum (Gallery of gravity)

2003926 The Tokachi-oki Earthquake in 2003
Bisei Dam-Rockfill base (k=5%)
10000.0 T T T T T T T T T

Lower-limii acceieration response speciram
— florizontal
= Vertical

—— : Stream direction

20000 1 _ _ . : Longitadinal direction

= === 1 Vertical direction

1000.0

100.0

Acceleratlon Response (cm/s’)
g
[-]
1

B
-]

il WS
10.0 T T TTTTT T T TTTTI T T TTTTT
001 0.02 0.10 020 1.00 2.00 10.00

Period (s)
Fig. 7 NREEIRE AT MV (1 v 77 4 VB W ERE)
Acceleration response spectrum (Base of rockfill)

2003926 The Tokachi-oki Earthquake in 2003
Bisei Dam-Gravity gallery & Rockfill base (k=5%)
10000.0 T T T T T T T T T
Lower-limit acceieration respomse specirmm
—  Horizontal
= w1 Vertical

L]

— : Stream direction -
— — . : Longitadinal direction : Gravily g ¥
- ==--- : Vertical direction

= : Rockiill base

-
.§
=]

Ll

100.0

Acceleration Response (cm/s’)
:
Lyl 1

B
-]

10.0 T T TTTTI T T TTTTT T T
001 0.02 0.10 020 1.00 2.00 10.00

Period (5)

Fig. 8 NIMEINE AT ML (a7 U — & S AR R A
PP VT N F D)
Acceleration response spectrum (Gallery of gravity and base of rockfill)

3.2 BHAHFL

3.2.1 A LERTRUSHESH

el 2 (Fig. 9 (H L2 ALiE =, 2011)) 13,
BEERKOIEKOHZEZBNE LY BT 4V ZLTH
D, EE AR SRR XIS 10 ARRE o RS
BT D —#f] ) 1R ) 1 ACGRIE RN S5 51T 1996 4R
AR T L 2004 4R 123 T U 72, 55 DUAC 57 7 1= ks PN U
B S D IRERS B DR T & IR & U7z e 23 EepfE
HThDH, ZOREREOREBEKMED T DR KIS Lk &
LCT7 07y NIGEERHAL, 777y MR L
WL T T >y b & KR & O A R D T I
—HZRINLCTVD (RE D, 1993, #FIL5, 2005), &
26.9m, HETAE 335m, SEAFE 868 T m’, ZZifAiIFEIL 960ha
(F~_THD o LT KRR 2,000 F m’ TH B, A
H BN XD A0 D3NN Z TR A MUK D PEK & 12
XV, =K CREDOENL - AEMEOm B SR
BENK LTS,

mgé%ﬂﬁA

Overall view of Makubetsu Dam

3.2.2 HEROIKR

[SER 15 4 (2003 42) +W5vhiisE) (2003 429 A 26 H)
BOARZ LOIRELE, 3 H 24 B 5B LskBRit Ak
Thh, WK OHIKNZ 1.1m a5 EL. 69.9m T
PR 2 R FF LT, MRS ORI AR ORERIL, &4
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JELOMILT Z oy S ORER (BRI ORI RIS A
BEHE L7z 2m JE &) OFRMEIC 20m 7> H ik 80m £ & 0%
10cm F2EE D X LA I 2R 2 AT O A 4 TS
Blezshiz (Fig 10), #SKERTOBIHFAEORME, =&
570 2 M LIRS O TR B 25 & Lz BT XL
FEAEL TWe, X AKRIRICHEIITERO T, BUIEHRC
 FEH T S ATy (TR B JE Je sy IR BR F8 R,
2003, HIHD, 2005), FRRBRAEIZ K 2 ZeEHn A EhE
LA SR 2 BTG 10 L7121, R 22580 o0 F Tt
BREK A A L, SFREK 16 45 (2004 42) 10 A IZBRIEAK A
T Ui, BRI T, EIRCFE2FEE LR 17 4
(2005 4F) 3 HIZsERk L, #4 A oitHEZRA L (EHE
R AERI %R, 2011),

. o
Fig. 10 AL ~7 7 v v MEEE O H s
Damage of protective layer of blanket at right abutment

B & X ALEORRE AR OFEAES L KO Fig.
5 1TRT, RY A, BEEEZALTWHWRNI EnbiE
L DK R 2 L & R R W SR TER 00 — & Pl R A3
HEINTWD, B SN2 KRIEEEE Table 3 127
T, ALK LTIE, A2 AL OIS T OB & AN
HE L B LTS, AT & L CRE i Rng
FEMEMDFEERS I TV D A8, SRTE O MLEEE bl B iR Jr
THI2, D M TR 1.3 b hiiiincd b, 2,
ATIIHEN R E L 70D LISEMEEN NS L 72D 7 4V
B L DISERHEDOREN B DI TN D D, ik, RA L
DOEE (H=26.9m) MFE< R0 I & BEERNTORED O
IR/ NEWE B EX b5, SRIEHEO X LHh7 O fcR
IEFEEA L FRiAm o 8 Blgh & K& <, AJIEHE DO
KINEFEE D & Lt mE LG Ek o K&Ev (8 1.3
) TEBREELTCNDEEZLND, IHIL, RERS
gkt (L/H) 23 12.45 (=335m,26.9m) EABD TRE W=
DHULFRO/NSNWZ ERFEEL WL EE2 NS (Y
JIIE, 2008¢) . AJIJHNEEEEF Y OMEFEIRE A7 b v (8
FIERIT 5%) % Fig. 11187, WAV AR CIEIEF
AR EM TH Y, AR DAL L OINEE IS A
<7 R~V (Fig. 6) (ZH~C R A MR8 C O NN L IR A E o
BB, BEX LDOT v 7T 4 )V L OHAE & HR]
Z A O FE R L O BB AR O ISE A7 BV E
T Fig. 12 [Z7° 7T, KPR EEX LDw v 7 7 4 VEOH
T, BRSNS & L DS L O =5 Ay Tdh D, BLT

DL NIBL TS, B dZ AONEEIREART hLE
—XCERTHRRT 2HEICE, FERICHEEROE O EE
IR TENEND X LAETREL TR L T\ 5, Fig. 12
D5, 0.5 FLL o> 8 HISE IS T O RER & L 0 NN LR E A
N7 MV R BSEES AONEEINE ALY bV (K
B X 0GRS E IR e 0 RE WV, AU, FIA A
O IEREHARIF A X L O IR (2 > 7 7 4 L2 L)
£V, REMGEE OIS GRS 5 ISR A B LT
LEEZLND, FHIEEIXS0THY, BESHERD,
AR OEEX DT v 7 7 4 )V 5O TOFIEE
(43) LW REL2oTERY, FHIZ LOMKRERSEE O MR
HiE CHUEREL A B S AL, BRI LA S A K DR
EEDIPWRENZEDNFERTHDL EEZBILD, EBIC
Fig. 12 1ZR L72 K D (ZHEBIZ LD 0.5 BLL EofindiE
ISBAE AN AR L D OIMREIR M L K& <, RIS
JEC D EsEL (1~2.5 o AWtk (5, 1996)) D
ENEAEL LI REVWEDICHIIEEDO K& 2L 2o
TEBzbnd,

Table 3 LI FC &k O i KN5E

Maximum acceleration of the observation record

The Tokachi-oki Earthquake in 2003(2003.9.26)
Stream Longitudinal Vertical
Maximum Acc.
Crest A 251.6 216.5 -176.9
EL.81.78 m (en/s”)
H=269 m Maximum Acc. Ratio 1.86 1.25 1.26
Maximum Acc.
Left abutment 2 135.1 -173.1 -140.7
EL.5922m (em/s’)
i Acc. Ratio 1.00 1.00 1.00

2003.926 The Tokachi-oki Earthquake in 2003
Makubetsn Dam Left abutment (k=5%)
10000.0 i I i =TT 1 L
Lower-limit acceleration respomse spectrmm
—; Horizontal
= Vertical

L L1

—— : Stream direction
— — - 1 Longitudinal direction
- === : Vertical direction

ok
-§
-]

=
g
e

Acceleration Response (cm/s’)
:

Al
20.0 e
10.0 T T rrrmmng T LILBLBLILILLI | T LILLILILILL
0.01 0.02 0.10 020 1.00 2.00 10.00
Period (s)
Fig. 11 JLEFEISE A7 by (fe i)

Acceleration response spectrum (Left abutment)
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2003926 The Tokachi-oki Earthquake in 2003
Bisei Dam-Rockfill base (k=5%)
efsu Dam-Left abutment (#=5%)
10000.0 T T T T T T T T

Lower-limit acceleration respomse specirum

o ——— : Sircam direction . Bisci Dam
2000 : Longiindin 2l direction - Makab Dam
------ : Vertical direction
1000.0 o -
200.0 - ]

Acceleration Response (cm/sz)

100.0
20.0
10.0 T TTTTT T TTTT Tt
o001 0.02 0.10 020 1.000 2.00 10.00
Period (s)

Fig. 12 IEEIGE AT ML (RAEX LDOT v 7 7 4 )L L
FERE & FERI A L e LD
Acceleration response spectrum (Base of rockfill at Bisei
Dam and left abutment of Makubetsu Dam)

IR 15 4F (2003 4F) B ) o ¥ DRI R 5

T OO F LTTHEIMNE U7 AT INEFE R XY 0 N R A
7 bV T ORE BRI 72 2 0O TS A 23 83
AR, B TR SE A7 N Lo E 5 ) s
IZERE SN TV ABIE Gl Lo b/hE< (Figs. 6 KO
11), 7L — MNER OB RPEEED K & A ER T O BRE R
ERBLTWS B2 BRD, T ORHEERTEES
LR DO EEISE AT RV EFTR O TEAE 13 48
(2001 ) =THIEE] TOWNETHA LIZEREROTN,
Py 5 B ORI B A O AR FE R A AT b L L Lhigd
% &, Fig 1319 K 9 1Ty & 2 O] R ER s A R oD sk
FEISE ALY b (WRARR) 1%, 0.2 UL EoREMER T
i, BAEXL KR CRBEONEERAETHY, &
BIA L IR 1 0.5 FLL B8R C O N R
ARl Z DR OEEL LI KREV, DI, Eha A
DFx 3 T LA 0> JE I REE O N IS AN R X L L
B4 MR S EEIC HEi LCHEI/ S < 2o T
A

o

HEAFF R« 20 HACHIEH 10 4R O RHUBEHRIZ 36 10 2 SR & L 0 A DI HUEH) 191

2001.324 The Geiyo Earthquake in 2001
Sako Dam-Gallery (#=5%)
2003.926 The Tokachi oki Earthquake in 2003
Risei Dam-Rockfill base (k=5%)
Makubetsu Dam Left abutment (k=%)
10000.0 T T 1 =TT 1 L

Lower-imit acceleration response speciram

L Ll 1]

—— 1 Stream direction

— — : Longitudimal direction SakoDam
_____ - Vertical direct : Bisei Dam
1000.0 s ¥erical direction : Makubefss Dam S
200.0

Acceleration Response (cm.’s’)

100.0 3
20.0 -
10.0 T LILBLBLILLLI | 1 LBLBLELILILL| T T I‘IIII:
0.01 0.02 0.10 0.20 1.00 2.00 10.00
Period (s)

Fig. 13 IEHEISE AT by (el & 2 O] PRI A R & 68
B UDB Y 7T )V H LEREEE L FERI & L D ke L)
Acceleration response spectrum (Gallery of Sako Dam, base of
rockfill at Bisei Dam and left abutment of Makubetsu Dam)

[SERE 15 47 (2003 ) +R57hiEE) o X LXK 25
ZODX A TOHERFORDLD 6, FEHES I O
TV Lo THUEBONBEEISE N (L L T b, 7L
— NERTRAT HBIENEMOMBER T, £EI5ER
THMEHEEINEERRE L RO MEH DB Sz, &6
2, F R HIRER B RS A RIS ERE SNV R T
FENGER LA A7 N L0 R JE AR I C O MG B A oD
PD K0 s S TR O N3k B RS B O A R IR
AR Sz,

IV FRL16 4 (2004 4F) #BEPHLE

ST R ik 5 T 2004 4 10 A 23 H, 17 B 56 4712 Mj6.8
(Mw8.6) @ AL 16 4 (2004 4F) HHERFiE ] 3%
A U7, HHREJIET (B R CRREE 7 24800
L, PP 7 4 (1995 4F) TofiRp g ] o5 KB VI
OEILICK 9 50 Th D B 7 Bk 3R E % COMIES]
WSk B2 EH, FHAEEFHC L DFHHIREOEE 7 2]
THERH L7z, HARHIT 2> B 5 o LW HIE S 26T T o
%Wluk%ﬁﬁbto?ﬁi bk 37.3° , M 138.9°

TEE 13km, 21— 7 7 L— hINELCO Wi ERL O ith
Fﬁ’f?ﬂéﬁzbf_f& S Ch D, ZOEBMWEX, =2—7v T
L— b &k 7 L — b MESET 5 H AT AR S B oD fsdak
O — M EEPRHOPTH, RO 252 T EHE R
TG THDH, T, KEFAEEEZO 1 RFRLUNICRK
EEE S BOSREN 1 [E, DWT, RREE 6 MOKEN 2
FIFEAE L, BORERRENSEIFE L, 20X 51
T =Fa— R 6L LD 4 SORBNRAELIZIERLRE
TEEO T2 DPENIER LT LHEHI SN T D, BFIROIE
M ORE « MO =oM< grENET - 72 (K5
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JT, 2005, HJIl, 2006), K[ETICLY Tk 16 4 (2004
) TR IR R |, 955E4 PR % [ The Mid Niigata prefecture
Earthquake in 2004] &4 Siiz (KRBT, 2004b),

4.1 JIFES L

411 FLETRUEH

JIPE 4 2 (Fig. 14 (G V- B W7 Hidsl iz Bl fr 3 PR B0,
2013)) 1E, MEERKOEFKDOZZ HIF)E Uiz ik~
ANEBTHY, BENAIPIOHEKEZE X &0
WA AETHT (B HEBEIVERT) Okl IHF )R
FRRINC 1972 E£REIZFE T L 1980 £ 1T T L7-, 58K
% 20 UL EAERE L TR BRAEH A Aoz o b &7
LTHD, FEBEEIIAAREETEOVES & R BRI K O%E
IRAHSEORJETH S (i, 1980), i 43m, ETHE
170m, S24A%E 348 T m’, 48T 460ha (25 L CHBITK
BIX L8 T m® Th b, 1977 4 (BN 52 4F) (CHUENTE
TLU, FHE 1978 4F (BFFN 53 4F) 1 IAEMAL OB (40F)
I KD HED AN T L OftERH 5 (Frialk-1 3 iy
HUEHRILE, 2007),

Fig. 14 1[5 & &
Overall view of Kawanishi Dam

4.1.2 HEROKR

PARDIERL, RIEEORET A7 7 /L MHEIZE 2~
10mm, &SR THI 75em O _LETFHRFED 2 5w 7 53 10
EETRRAAE L, Al &R & OB T 16em OILT
WA Uz, PR EFERE Cra e s @ 2> HIE IS T
TR IABIEZE Sz, F7IC, Fig. 15 CHRE, 2006)
VORI X D ITHRIRZE Rl D8R D 7 1 v 7 3D 2SR (30em 2
FEDRai L BezE) NEEETH oo, TR ISR

AR B ACE KB DRSS LK D B ORE KD LB
ST Z &b, EfMfRIZEKFIIAATHD, LED
EEEITa 7 ) — MRS T 2 3R AE LK E B
L7z, =DM & L CkiteBukakffie £ % < oft
WRRE LS Uz, SRTERRIE, WEE AT oOsEm» b S
80cm F T 7 AHEHI L, MZERL & (00 R KA i T
T o T2 BB A4 L) O a 7T L CEIR L,
SRR RGBT TS T O SRR A S L, BISR Rk
EIEAEDT L REPBFZ A L CHEIB L. (IR R
HER, 2006) .

Fig. 15 I[P & L0 _bifahmm o8k SOk

Damage of upstream slope

B L X LB ORRE Fig. 16 (2R, AR [Eg
13 £ (2001 4F) = THUE ) Ol & L 0EJLERE 43.9km
L0 BN F LTERICE < GEIEERE - 15.6km), A& A
TOMEIINEE FROMBEIHICHYT I LEELLN
b, RE AT, BEEEZELTWHWRNI END, FitiER
LA, SRTEE R o S EATCHER SR E S, T
TIEUE PRS0 R EHIAERN, 7R LITRIE SN
HIRE SN TWD, B S N7z B RN EEE % Table 4 (27K
T, AL LTI, FHRIEROBHSTOBMREE A
WL AL TWD, ADMGEEE, ETiAmBRREn
M ZI510 BRI O F K INEEEZ28H LT\ D,
E 5 OHEBI K FEIORE S LFEBETHDLOE, E
RSO ERIEEEO /N S WHTEOBHIGRORBE L E 2 5
L5 (I, 2002b), =LA & IR O f KNI E
WEBRILCRY, BLUHLAALE OMECLEAN TOIREED
HEREAHE 0 22, Fie, AL TO LR & RE
J5 1D ZJ7 10 DR RANTE A 15 AT I E 0 Fe RN FE A
LA L TWDR, X LB ML TWD, EIEE
HJEC I b R 18 O d5e RN P AT & S 7 7] D e
KBNS S TR Y, SRIEG YT A7
~t ETFWAmERBBECIEH LW EEBEZBND, A
FINE AR DI LIS E AT bV GREERT 5%) %
Fig. 17 (27597, Z M & HITIZIZRRA RN R E A
N7 R RERIMEEILEMHETH Y, 6T HERRIC
MHEMERREZZ -2 LIRS LD, BT
% 0.4 BREOMIICER L7z v — 27 23380 i,
BEDISBRHE L B2 BND, AR ONEFERE A~
V% Fig. 18 %3, TUEROIEEISE AT kL
(Fig. 17) (CHuige U CH A ISR O s B TS ZHE N s L C
WO, IZIERAER FRINEEIRE AR ML) K&
IHEEIRAECTH D, FRIERICHB L CHEB L2 —2
DRI LSS T d 5, HUEBHOBLHALE O
L DMBEEIRE AR MV RIS B2, Tk & /e
S L OB R ONLEERE A2 ML % Fig. 19 IZHE
TR, KBRS FHIED, AR Rl L o0 =5 1 p sy
ThHD, WEHLEOZNZo =I5 sy 38R L 72
EINEETH D, FHIEEILTIERL TS ThHY, BE6
59, MEHILTST THY, BE6HEMRD,
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~ ] ; P L 7 ;
M6.8(M,6.6), BE13.1km, HREET | T

P15

JIFES A(E): BREEEE15.6km

P

37.0°

138.0° 138.5° 139.0° 139.5°

Fig. 16 JENR & & A7
Epicenter and dam position

Table 4  #LNIFEER D fie KN EE

Maximum acceleration of the observation record

The Mid Niigata prefecture Earthquake in 2004(2004.10.23)
Stream Longitudinal Vertical
Crest Maximum Acc.
FL.217.40 m (em/s?) 5825 5176 4298
H=43.0m Maximum Acc. Ratio 1.04 1.16 1.06
Maximum Ace.
Left abutment 2 435.6 545.6 -254.4
(cnv's?)
EL.214.10 m
Maximum Acc. Ratio 0.78 1.23 0.63
Toe of Maximum Acc.
downstream- 2 -558.8 -444.7 -405.6
(cnv's?)
slope
EL.183.30 m | Maximum Acc. Ratio 1.00 1.00 1.00
20041023 The Mid Niigata prefeciure Earthquake in 2004
K ishiDam-Toe of downstream-slope (A=5%)
10000.0 T T T T T T T
1 Lower-limit acceleration respomse speciram ]
b — Horizontal 1
7 == : Vertical ]
2000.0 - —
-
L
E
1000.0 - -
L 3 ]
2 . b
= - ]
o - ,
% 4 il
2000 -
=
=
o 100.0 5 -
k] 3 3
g - ]
g u ]
| —— : Siream direciion 7
200 4 — —- :Loagilndinal direction X i
----- : Vertical direction ™
100 T rrrrrrg 1 Frrrrrng 1 LI
001 0.02 010 0.20 1.00 2.00 10.00
Period (s)

Fig. 17 I EIRE A7 bV (FiiER)
Acceleration response spectrum (Toe of downstream-slope)

2004.10.23 The Mid Niigata prefecture Earthquake in 2004
KawanishiDam-Left abuitment (k=5%)
10000.0 ‘

= TR 1 T 1 I\\I\H:
- Lower-limit acceleration respomse specirum .
7] ——; Horizontal 7]
J =—=:Veatial  _ . giream direction i
— — : Longitudinal direction
w0000 : Vertical direction T

1000.0

Acceleration Response (cm.’sz)
:
1

100.0 =
20.0 - i
10-0 T LLILELILILL | T LEBLILILILELLI | T LI II:AII

0.01 002 010 020 1.00 2.00 10.00
Perxiod (s)

Fig. 18 N EIRE A7 MV (fEFEH1)
Acceleration response spectrum (Left abutment)

2004.10:23 The Mid Niigata prefecture Earthquake in 2004
KawanishiDam-Toe of downsiream-slope (4=5%)
10000.0 {—— R —— T TTTTT
Lower-limit acceieration respomse spectrmm
— Horizontal
= w1 Vertical

L i

1000.0

200.0 -

100.0

—— 1 Siream direciion

— — - : Longitndinal direction

====-- : Vertical direction
= Toe of slope
—— : Abuiment

Acceleration Response (cmls’)
L

8
-]

10.0 I
001 0.02

T T TTTIT] T
0.10 020

Period (s)
Fig. 19 JNEEIEE AT v (FHUER & A2 =l
Acceleration response spectrum (Toe of downstream-slope and left
abutment)

T T TTTT0] T
100 2.00 10.00

JITE & A TR S 7o iR BN, BRIV HIEO 720
RN IR R A A7 R VITERE T A % 5
=M E BICRE IR E IS EE CTh o7z, ERAT
AR TFERL 13 4 (2001 4F) =TPHIE) Ol 4 2000
HEIREAY bV L BT 5728 Fig. 20 777, KA
Verlr & I, HERRDSAR & LD = FapSy T 5, Fig. 20 1R
END L IDNTEH LTI, 0.2 FVFREE 0 485 HISEIR O I
FEISBMEN =M e bRREORE I ThDH, £z, JIFE
Z (IR TIRBICHESR LTV S 0.01~10 b ToOLA
BRI IR B b D, — 7, ey 4 ATl 3 BPLL
L B JEWISEIR 0 IR LR A AN VG 4 I i LTI
WS L, Pely B B OTTRFERD SN 7 MRS £ D HiE
B THDITH 0D BT, KA WIRE o A E
SV, AL, 7 v Z LI ONNTE X 5O FopE i A B
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Xz 7 — M ATHDVEE S LORBEEE LY F 6
DN, A CHIEREY o R A I EIR OO I B AN IR S
Nz B2 BNBD, el 7 2 CIEERE 17 O N B A A
A7 MV GERGRE) Mo 07 [ O NN S A E L b L
T/hEW, Ay & L TIEERE SR, BRI
A IZHEE L ThENWZ EnG, JIIFEX 20X 912, ER
DRI NEL, BRIEEES/ NS WA ISR E 7 17 O i
HHREVWEBZIOLNDN, S%I I, HEBHIGESED
LR LD OO LI TE D 652D,

2001324 The Geiyo Earthquake in 2001
Sako Dam-GAlery (4=5%)

2004.10.23 The Mid Niigata prefecture Earthquake in 2004
K awanishi Dam-Toe of dovwnstream-slope (k=5%)

lmo: I = I =TT 1 LIRS
3 Lower-limit acceleration response spectrum 7]
n — forizontal N
1 == :Vertical ]
2000.0 -

-
-§
-]

Acceleration Response (cm/s’)

‘t' *
: Stream direction '4.,
——. : Longitudinal direction 7't

----- :| Vertical direction
200 -
— ; Sako Dam
— : Kawanishi Dam \_ 1
10.0 T T TTTT T T TTTTT T— T TTTTT
0.01 0.02 0.10 0.20 1.00 2.00 10.00
Period (s)

Fig. 20 JIEEIGE AT bV (feily & D OW RIS AER & 1176
2 LD T HER)

Acceleration response spectrum (Gallery of Sako Dam and toe of

downstream slope of Kawanishi Dam)

[SVRK 16 4F (2004 4F) R WA BMIEE | o) 1175 2 oD Mt
ERFORPN G, HEREFORIEOERNL, ETFHRITmico
HREREETIS, F LTI G [FIFEE OHREN B
ENHHEAER® D, SDIT, HEEHERIC K & 2
WL ISEENAEH S, REH FRIEEIGE AT by
WZUEHCS D HEB B S iz, 2o X9 AeilEEi &2
THERRIEE TRe R EI OB BGIC & EFE D, ITRAY7ARR
Bt i TACHES S RERR Y A DRI MR STy
2o

A PURPNBERER T 2008 45 6 A 14 H, 8 W 43 /32 Mj7.2
(Mw6.9) @ [ 20 4 (2008 42) HTF « BN RERIEE
DFAE LT, BEIRIR R 8 R OV TR BN A X T
I RFREE 6 sZ B L, BE - Hih 7 1C N CERE 1 L
AU, ERE, bk 39.0° , AR 14097, RS
8km, RETHLZLE D WAL O MR THAE LIZHETH
Do KEUEZR L ARREEC HRD AL, HEFAZE 2 & Ot -
TR SENRAE L. (KT, 2011a), R 6 s@EBIL

TARNXTIE 1,816.5em/s> (&7 AR, IRNEATEE
N BF 58 B 52 5 40 AF 22 BT 23 E 3 A AL A o R T e
(KiK-net) OREJREEE FOBLHLS (—BVE : IWTH25) T
4,022cmy/s? (207 181% 53 A ) O B RIS FE 28 Fodk S 7= (il
SEATEGE NP SR HAF5e 0T, 2011), KBTS LD [
% 20 45 (2008 4F) AT - EhAFEHE), SiE4 A [The
Iwate-Miyagi Nairiku Earthquake in 2008 &4 Siv7= (&
47, 2008a),

5.1 FIERAL (BEM: 74E€>0)

5.1.1 A LETRUEH

TR A & (Fig. 21 (RAGERBURE) I LR AR 3
FT, 1999)) 1%, db EJIZKSR T St FEARF I O SOE IS
EYIROTRKFEE L O ELSR LN, BERAKOIKE
WK 2 B LT 52 ARO PR — o Ra v 77
A NENE LT, EEE) RS ARSI kY e
SRR O —#Am )1 Ak EJNAK R 38T 1981 4128 L L
1998 4EI 2T Uiz, Bk o &2 L < Fiodt
KB RE 2 AN 2 72, BKHAATESS EFtmic Ay —
4 AR OB Z R L T D, BRI A RO
A TH D, B 74.4m, 12TEE 413.7m, L2455 3,048
T m?, SZASEAE 3,790ha (ZxF L CHRIRTKEIX 13,510 T
m Th 5,

Fig.21 FRARRZ &
Overall view of Aratozawa Dam

5.1.2 thEFOIKR

& LFE S RO O LA B (B9 900m, AHT R
1,300m, [EfEf) 98ha, WA A DR KTEZEITH 150m O EN
TRAENHR SN TR TRAEO T~ 0 +5
67,000 F m®) AFAEL (BT AbRMEHESR, 2009),
T KL DA DT K R EPNISK) 1,500 T m® 235 A L7z & HE
ESNT, T ORFKMA~OTA T &L, 100 FRHOHERD
KEO 2 FIRICITHE L, FEHOKE Of 2hirKE 13,510 F
m’ DR N%ICAHY T2, SRS COBE R PETA U,
BK - W TSR BE I HELR S TU TV, SRR 2o 85 & L C Fig.
2T LI, BEOERTEEISVIZLIESZSZ LN
2 A ORERIE TR oL e = VB D= R — L
PHOEIMUNEL T, TEEHTOFR TR LIZIZITHEERE
TifAKNL &0 @SR E O M T 5 (HE)11 5, 2008a,
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HJITE, 2009), Fig. 23 1ZBkm Uilzlrkith & Bl (42
O INTEMIT F TR L 72 5 TS (T B i Lo
VBTEEE), Fig. 24 \CRREEHN)N S & LTI > TR~
AT a3 (EROBE S IEWE TR Z LK EiiER) .,
Z ORI LT, WA LR O ITHg~ ) TEio%
EEERR Y BNR S D Z 20D, ATO 5 B 560 T
Iﬁ%%iﬁékk%:%i@ﬁ@ﬁﬁﬁ%%%ﬁbtoé
, NREPKFEEIZOW TR 2 FRE L, REITK
&%ﬁ %3 KEEIHFZEE TR 20~22 (2008~2010) 4
FEICHERE LTV D (T4, 2011, $M, 2012, /NED, 2013),
ZOFEICE DD F T T — L LT RTE
(RIAGRET A 7 7 v b OBEH I & THIEREO 72— F i@
1TE L2 R 245 P B I fE~alAT, Tkt 3ag
IR FER OGS TER 2 81T) % Fig. 25 127”7,

Fig. 22 IEIETOZIR
Damage at the dam crest of Aratozawa Dam

mgn h*&@b@&rkﬁ%M@M%m%

Destructed area by landslide over reservoir of Aratozawa Dam

=R

Fig. 24 FKHICHEA L7 HiEE LD

Inflow of destructed area by landslide into reservoir of Aratozawa Dam

Fig. 25 ﬁﬂi@%i@ﬁ%@ﬁyfﬁ—A

Dump truck for excavation on the crest of Aratozawa Dam
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B b 2 DB OBR A Fig. 26 (8T, AKX AL, UTHE
DEERDENT v 7 T )V A B TO— i) 7o MG R EAL
8T DWIRFEEAS, SEmicxt U Mm@ 3 2%
DK Y — /W@:T%kmkwﬁﬁﬁﬁ@zﬁﬁmﬁ
RERTDSERIE SN TV D, B STz RN % Table 5
R, ARY LTI, PR EE AR OB 5 C OBl ak
B ANTIIREE & B2 LT\ 5, R SR R OISR D it
HIZR R 1,000cm/s” 8 2 D IR E A Gk ST\ 5, ik
AL &[RRI NBEE TR O HEB) & = 7o Rt o Tk
16 45 (2004 4F) B IRAEHE | O)IPE X 2O FifiERO
e KINEREEAE (Table 4) (2 FbiiE UC 2 (5 FEHL L b TR &
RHEEBTH D, ZOIFFICKERHEEIR LT, $#HIE
B CIXIADNEE D 12 L e iR EMAEBAL, 82
(RN TIRBI AR S 419, WIS SRR CHIREh AN L 720k
WD B FE AL = A 2 R 7 MR e 558 3 Bl b
7o AT AR EE A AR 7> D S KT i SE TR L2 [ 2o CRCEE (R
T« & DHEFE) OBREIERED LT D, $hiddhix
HEVHDEPIUERE L TV D HBITSEITH D, FE
OFZIATKT U CTIRRRIEEORIE & =2 A LT 5 LM
BHZ X DRSNS 7 4 VA A, INZ TEWRHED 72 %
TEMBHC L DY — &R BT o0 v 7 7 4V LD
REIRED Z ORI 72 B 8 A s R Sl LY
RS 5 Z EREETH D, AT EEF Y ONE A
AT MV (REEEIT 5%) % Fig. 27 (O 7, & LHiE
M1 0.5~ 1 FVFREE o & 1Ak < IR H T BRAER S A
7 VXD IEEIR AT N SV, o i & b
VEIZHRE T PRI ISE A7 RV X0 K& IS
FEHTH D, 0.5 LU OmEMEE i =Jrm & & RA M
TRRABEBEIGE A7 b L &0 R & 2 IE BE IS EAE T d
D, EEMSEEOMKENN K X R MBI TH S, 0.1 BRIk
FLE MR T, IEEISAEIIRE VR, Lo —2
X2V, ERIET T 0.04~0.08 FH 48 A MR O F#EPHIC K

ISR EE D B 5 FHEE XA C 5.7 ©
BV, EBE6HE D, ARROJITE X 5O TFHIERLTD 5.8
Fo/hE LD 57 ERICTHD,
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| : ijl'mﬁ/ Yy
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M;7.2(M,,6.9), RE7.8km, !chl!e&‘ﬁ g;
: E?ﬁ \ é

)
|

140.0° 141.0° 142.0°
Fig.26 JENR & & A(7E
Epicenter and dam position

Table 5 BLIFLERD e KN E
Maximum acceleration of the observation record

The Iwate-Miyagi Nairiku Earthquake in 2008
(2008.6.14)
Stream Longitudinal Vertical
Crest Maximum Ace.
L 2794 m (cmis?) -525.3 -455.4 -621.9
H=744 m Maximum Acc. Ratio 0.51 0.51 0.90
c i Acc. 5349 4779 469.8
ore -534. -477. -469.!
EL.250.0 m (emis’)
Acc. Ratio 0.52 0.53 0.68
Maximum Ace.
Foundation 2 1023.8 -898.9 691.4
EL.205.0 m (em/s’)
Acc. Ratio 1.00 1.00 1.00

2008.6.14 The Iwate Miyagi Nairiku Earthquake in 2008

A iwa Dam (k=5%)
10000.0 5 = EEE T T TTTTT T T T
= Lower-limit acceleration response spectram .
] —; Horizontal N
_ = ; Vertical B
2000.0 - —

1000.0

100.0

Acceleration Response (cm.’sz)
:
1

——— : Stream direciion
— — - : Longitudin al direction
----- : Vertical direction
100 T T TTTT T

0.01 002 010 020
Period (s)
Fig. 27 GHEEIGE A7 b (]S s AL ER)
Acceleration response spectrum (Foundation)

g
e

T T TIIT T T T rrrm
1.00 2.00 10.00

[SERL 20 4F (2008 4F) 4 F « EIkAkE ] & EERICH
BEIE T OWKERIC X - TRAE L K 16 4 (2004 4)
BB TR ] )10 4 A0 FHIERIC TEME S v
B ONMEFEEE AT bV & O % Fig. 28 1277, K
FRDNTE S 2 CFURIEGL , MR 2SAR S 2 O] R B A B D
SRR Th D, $s LTz 0.01~10 B o2& fEg o

RIS BEIIA L DO R K E L, BRI RE L
THRRIRZ DT Z LD 2 fEFEEE Lo k& VW b b
FHIS LT D, 0.2 FPLLF O 405 ISR C OAR & L O EE
ISEERRE L, EHIT, 0.3~2 FOFREE & BifEE T3
VE 5 5 DA JE TR B A 4 L OGRS E & 0 4k
&<, ARE Lo MEEFEE T ONLE R EE DK E VR
BdD, ZOLHICHHIE L HICEFEPT W E PO #E
FHCTH DN, IMEEGBMHEITR2> TS, ik, K%
LD FEMEHARIIFHERECE 2> 7 U — b X A OEEEN
RET S N7 T EEE 2 AT hH B Z L ()11, 2008D),
S BIT, BIRIEO T A T 12 K 2 R E O 1),

K%ﬁﬁ%@@ﬂﬁ(%?—ﬂwX)&Ewﬁﬁﬁ’
PN T & K D RRIR ORI DS U ER B O IR BRI 52
%waéa%z%ﬂé(ﬁm M%,%M,m%woﬁ
BE b, HMEBIHREOERICE 2080 b 52T
%ék%xéo_mio_%E%T@mﬁﬁm%x&ﬁb
VIZVCHd 5 HiFEBh 2 521 F C b AR A A DT /KIghE 7o & B
REERRIFHE DN TE T, RO Y A THARY L
[ERRIC A PRI E S E AT MV X0 K& 7o e
JEE & 72 5 MIBEN R L TS ATRE AR S O S b o 72
TEaEZTYH, NG - i IS EEAKR
X ADINEERITHER SN TS EE 261D,

2004.10:23 The Mid Niizata prefecture Earthquake in 2004
K awanishi Dam-Toe of dovwnstream-slope (£=5%)
2008.6_14 The Iwate MiyagiNairiku Earthquake in 2008
Ar Dam jon (k=5%)

10000.0 T T T T T TTTTT T

Lower-limit acceieration respomse spectrum

— ﬂonzunl:l

L]

1000.0 7

Acceleration Response (cm/s’)

200.0 1
100.0 o -
7| — :/Siream direction o
| —— - : Longitadinal direction {, i
- === :¥ertical direction ¥
20.0 ~ — Kawanshi Dam
— ! Aratozawa Dam
10.0 T TTTTI T TTTTI T TTT1Tr
0.01 0.02 0.10 020 1.00 2.00 10.00
Period ()

Fig. 28 NI EINE 227 by JIPEZ L0 FHER &
L DI R R B A ER)

Acceleration response spectrum (Toe of downstream-slope of Kawanishi

Dam and foundation of Aratozawa Dam)

SRR &

5.2 EEH L

5.2.1 ALBETRUEH

EE A 2 (Fig. 29 (E3URIEED & 2 FREE5PT, 2013))
%, b EIFRABIEDO—BE L LT, WPk FEN
PR S h, dOKFEER, SEFERIE, AWK, BE
AN ETOHBZAMOE X2 7Y - F AL LT
g Sz, BEIRRIERT O — AL ) HACRE N SN
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ZIAJINC 1950 4R (235 T L 1961 4RI T L 7=, 58Akf% 20 4F
PLbZEm LT BRHMEEHAL Mo X A TH
%, AT RIS TH D, BEE STm, RIAE 182m,
BERFE 120 T m®, SZ4STHIAE 2,690ha (256 L CHBIETK BIX
12,758 T m* TH 5 (EIRIRIEL & L8 BHEBIT, 2013),

Fig.29 ZEEy 4 A
Overall view of Kurikoma Dam

5.2.2 HEROKR

BIEOMMEIZY 7 v 7 BNE LN BEOHEIZLD
BEFD 7 T v 7 DFERELEZBND), K& sz
T, Bk O ILE NS TAVEREES SR L, HRIKAE
JRIEE D LIRS TRA LIRERE R Th o7z, D3RR
EFFRMO 7 —F > TEICREREL RSB 7—F L 7D
Ty VN AMHE U CfdE, 2008, BAS, 2008, [E A4S
B E T EANBORR SR JEET, 2008, #1115, 2009),

B L H ALEOBREFHROFIKIR Z & & [ —X D
Fig. 26 (Z/”9, ARZ AXRHROFEAIR & A L0 EFRIZK
2.2km TV, REAE, —REIRN= T ) — FE A
& BRI D R I R B ISR ENLE & 70 > T D, S
JAR, EETERRILAS A B LT A O AR Rl 2
T PR T GRS & A7 SR T B AT, MR R L
OWEANCHIFER R E SN TWD, B S i K
JE{E % Table 6 (277§, A& LTI, FEEEAROBM LT
OBIAGLERAE AR & B2 L Cnd, [W—HEICXS
SRR A A O KA EE (Table 5) 12k L CTARY AD
B RIMREEAE T/ & <, AR EEBED R/ MZBESR L 7= Eoom
B STy, Fiz, BT R
JEREAMLD =MD 172 5§ E/NE W, $RiE I 17O fe KINE
FEERRE VBN G Y, RE L L RERICNER N oOH
BihaZ B2 o sERO TR 16 4 (2004 4)
BB RS | )T & 2 OFATE T 18 0 e RN FE A3
B O fg KANBPEfE & [F CARE O KX X (Tabled) Th
ST=OD L FHENFE L TH D, T OFNE IR O RN A
N ETH - X admE v K&, E7201%, KT 5k
SThHHFEIL, AL L3O TEFISEWZD EE XS
N5, [ 7 45 (1995 4F) SefEIRETHHEE ] ©HEnE s
MO HMFEBS K& BN ST & FRICEVERIC X 5
EEIOLHE ()11, 2002b) THDHEEZBNDN, 5%
5, HEBHFEOEET LI THLMNITE D EE
2 Do JESFIRTAFBE AR D & LllhJ5 ) CIRIZE RS
T D B RN FEEE B ST D, A B TE S TS
O E I TOIMEE LK) 2.5 L anRONE-ES T

5 TR 13 4 (2001 ) X THIER) CTOR—O & L0
KCHDHEDEZ LD 45 (T LCT/hs <, ATIMERE X
KELDTTHHK 2.8 (=270.6cm/s%98.1 cr/s?) 5 & K& <,
T 4 IVE BDISERFHEORS T H D ATINEE R K & < e
5 CISEMHER /NS L e B & AT 5, Lal, 7
A IVHE LOBTM BRI R 2 v 7 ) — B E A B[
WAHLTWS LB by, 51, M—4 A TDOAT
IR EE & DNEEE LD BIR TIXARWD T, % D& 1O K
THDHAHRENE D & 0 B OEEALE TH D, AN
HEFY ONBEFEISE A7 MV (BIEEKIT 5%) % Fig.
30 1T d, 0.2 FPLUT O E BIRE Tl RRA A T RN
JEBEARY ML D RERIHEREMCH Y, [H-—HE
IZ LD RMROFIRIR & L (Fig. 27) &[RRI ELE SIS
HiT A E FTROMEBETHORETHL LEXLNDL, £,
ETRRIT M OB RNNFEEEAE Mt o> 7 I e LT/ S
7o, ETFWAMOMEEISEER/NE N, LT
B RIGEEEAEAS EFHEH A L0 R E VB & IS L,
H AT B ONEEISEMER R E Ao T D, KR A
DT U TR R A AY /N & 2 & 5 b B JE W sk ©
DIMHE LB &/ S0, BLSAL E O K 2 I
WE AR NV E T D728, iAo M RS
BARY NV Fig. 31 ond, GG & R L
OB ONERERE ALY N LE Fig. 32 ICHEQ TR
To KB FSHEEAIAS, MRS FUA R L o = D7 Mgy
ThH D, WENSCIE R TR R0 5 E e C o N
PEEAEINTARED B 5 A3, o> Z 7 1A ITIELL U 7 0msk e
BTHY, FrC, FEHIGEE CIIME R = &
BIZIFEZR > TV D, AR OWNEETC©H 5 K 13 4
(2001 4F) ZTHIE] CTOFR—OF LR TH D H ¥ 4
DIEFEIGEA T ML (Fig. 3) &g+ 5 &, IEELS
EEORE SITRL->THDER, WFLE B2 0.1 i
O JE WIRE IR EE B D KA 8 0, N EE) K
CEAX 227 J— b F OIS OISERHEN B DI
TWn B2 LD, FHIEELEREREE TS5 THI,
EE 65, FRAFHILTS4 THY, BESHELD,
TUEA AR L1 0D B A A o RS AT AT D o R
X0 RE WA, FERLEOFHIEE 2 NI —HT Do
RFEL TR TWDHDIE, Fig 32 706 EEREATET (KFEHY)
DK & R I RN DSBS 7z & A7 i O A A
BAEA 0.1~0.2 BORMIGIRCRE <, —J, FifiFH
D> 1= R 5 1 D IGE LTS EAE X 0.04 FAAHI D JE 3 K &
Wi EEZ LN,
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Table 6 8L ok 0D e KN
Maximum acceleration of the observation record

The Iwate-Miyagi Nairiku Earthquake in 2008
(2008.6.14)
Stream Longitudinal Vertical
Crest right abutment Maximum Ace.
EL 200.0 m (cmis?) 534.9 -511.1 3235
H=57.0m Acc. Ratio 1.98 1.11 0.80
Crest left abutment Maximum Acc.
L 200.0 m ] (emis?) 666.1 921.9 436.7
H=57.0m i Acc. Ratio 2.46 2.00 1.09
Gall Maximum Acc. 270.6 461.3 402.1
allery 2 -270. - -402.
EL.157.3 m (e
Acc. Ratio 1.00 1.00 1.00
Maximum Acc.
Right abutment s -421.3 463.3 297.7
EL.183.0 m (cm/s )
Acc. Ratio 1.56 1.00 0.74
2008.6.14 The Iwate Miyagi Nairiku Earthquake in 2008
Kurikoma Dam-Gallery (#=5%)
10000.0 T T T T T T T T T

Acceleration Response (cm/s')
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Acceleration response spectrum (Gallery)
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2008.6.14 The Fwate Miyagi Nairiku Earthquake in 2008
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Acceleration response spectrum (Right abutment)

%5 215 % (2014)

20086 14 The Iwate Miyagi Nairiku Earthquake in 2008

Kurikoma Dam-Gallery & Rightabuiment (k=5%)
10000.0 T T T T T T T

Lower-limit acceieration response spectrmm
— forizontal
- Vertical

L]

-
.§
=]

el

100.0

: Stream direction
= : Longitndinal direction

Acceleration Response (cm.’s’)
:
1

----- : ¥ ertical direction
20.0 - + Galk
= : Right abutment
10.0 T T T TTT T T TTTTT T T TTTTI
001 002 0.10 020 1.00 2.00 10.00
Period (s)

Fig. 32 MNHEENE AT [V GEHEAE & Fiih F )
Acceleration response spectrum (Gallery and right abutment)

5.3 WiRSL

5.3.1 SFLETRUEH

R 2 (Fig. 33 (EMOKEEA HL R BUR - Hidk B HF
HHEFT, 2008a)) 1E, BEFN 26 4E (1951 4E) EHRABEE
MBI &0 Rtk & U CIITE R o 3RS O AR X 23 i B
APIFEERICHY B oz B LT, BFn27 4 (1952
) CEE SR BN SEAR 31 20 1L R BARG LLRT
DO N e ENAGRHRINZ B3R K DR K D I % B
ELFEENRa 7 V= E AL LT 1955 FICARESE T
L 1963 4RI L U7z, SEMiftk 20 ELL Ea il L Tk 0 &
B 2 D2 DN DB X L Th D, RIS AR
L L, 5 65.8m, HETEE 194.8m, LRAFE 156 T m’, 3%
[AIFE IS 3,480ha (95 1,185ha 1M 12k L CHRIATKEIL
6,751 T m’ TH v, BUHETIE, FatEz il LiomEERE
DZASHIX CRAS LTS,

Fig.33 MHR & 4
Overall view of Masuzawa Dam

5.3.2 thEFOIKR

BR L F LNLEOBRE BHR ORI A & & [ —K D
Fig. 26 (27597, ZEEN A A USRARIR & A Hie U TR 2 A
DOALE IR D 30km BLEEfL TV D, RA AT, B
K27 J— M ATO IR HIEFERENE T D
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PREPEATER & B2 THER O —@FNC BRI SRR E STV D,
B S T B KN FEAE & Table 7 1 2oR$, A& ATl i1
PREBEE AR OBLI AL T OBHIFE SR A AJINHEE & R72 LT
W5, BIROFEE) S 5O KIEFEE (Table 6) (ZEEH L
TIRARABEEAE T 1/10 AT &/ SWA3, SRTH TO M E b
IXRRRE & 72> T D, AR ONEEMES CHh 5 AL 13
£ (2001 4F) ETHIE] TOR—DF 2R TH 1S
DO ARNHEENE (Table 1) & bl UC & R AN fE 1T
NSV, EHIT, WHIE OB CRHIEET Mj7.2, TR 13
£ (2001 4F) ETHIE ) 1ZMj6.7), EROES (CKRHEL
7.8km, [SFAR 134F (2001 4F) E THIEE] (X 46.5km) <°[A]
FREE DR IEE R 2% 47.4km, 1 % 50% 43.9km) &
AR OFEZ BB L CTHARY LD ATIINEE D fe KINiE
JEMEIT/ N E VN, BFR OFEARIR & A & BEEN & L D AT INEE
DFFRNFEFEE OFLED K 5 125 & O E IR IZ L D HE
BRI OIRBEFERCEIL L AKX 203 kL7 v M afkA7e
NERRTHD Z & BB L (IS, 2006), HFEBINE
HLTNWDEEEBEZLND, AJINGEEEFY O s B R A
7 bV (BEEKI 5%) % Fig. 34 (2~ BAM FIR
IS AT RV X0 372 0 /N SIS EA T
v, ZHFmELIEULEZMEESEETH D, 2, B
L EHOE—2 0350, KA OISR E SO L
TWhEEzLND, H—HEIZELDFE—DX LA TH
2 W DBEER 5 L OANEEENSE AT RV (Fig. 30) & D
Lbis % Fig. 35 127”97, AHROSEREN & A D FL G ATER, e
AR F L DI FRIEA RO ZH MY Th b, KE LTD
B RNGE A AMERD T/NS N T2, s A 3 B &
AONMEEISEME D /S, UL, BE)X AL
T, BREEEN K E T, A E EIRE N C O RS
DS, RIS ES B REISERIC 7 R LT D,
AR O NPEHIEEEI TH 2 TR 13 45 (2001 4F) = T-HigR
TOR DX LA THY, NOFREDRRIEHTHD
Py 2 B OANREISE AT RV (Fig. 3) & MR OIRE
KPE % Ll 5 120 W & L ONBERFEISE A2 V% Fig.
36 L\, AROMETE & DO RS EEATIER, AR 4 2
DOV REEETIER O = J7 A1 A5 Cdb 5, 0.1 Fomiith o 5 JE Wit
1% COMEEEBMEAA S g, el 2 Al L ThE
<, 1 BLLE O FJE B RENE 0O M S Al AN W &
IZH L TR & <, RIS C NN IS EE O J 3
INSWHIEBNTH D, TR 154E (2003 4F) WsiiE)
DZODH L (EEX LROFERHZ L) ONIIIEEFEY
DOIMEFETGE AR hL (Fig. 12) & ERW5ER Tk
FEISEAE D FED Lk & Fig. 37 (R, KA EAL LD
a7 Y — N BEOWRBEARER, AR Z LD
LEFEL, M OSHIRR DS AS A I O] PR B G iR 0D = 5 0] il 55
Thbd, | PLEORFMSER CAY MIFRAES LONHE
FEISEME L RREORE S THY, FAEX L LEFREICEM
HASEIR C OIS BB DAL T A0 OILE B I EAE O Jdd
A FRA T TRRAEEEISE A7 RV LD /S0, &
JEEASEIR O WS B 2 5 e MR B ORHEA Blo T g, R
LAOFBIEEIL3T ThY, BE4 LD,

Table 7 BLHITLER D g KN L

Maximum acceleration of the observation record

The Iwate-Miyagi Nairiku Earthquake in 2008
(2008.6.14)
Stream Longitudinal Vertical
Crest Maximum Acc.
L 2458 m (emis?) -108.4 45.3 -49.9
H=65.8 m Maximum Acc. Ratio 2.39 1.36 1.68
Gall Maximum Acc. 455 333 297
allery 2 . -33. A
EL.183.0m (em/s)
Maximum Acc. Ratio 1.00 1.00 1.00

2008.6.14 The Iwate MiyagiNairiku Earthquake in 2008
Masuzawa Dam-Gallery (A=5%)
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Acceleration response spectrum (Gallery)

2008.6.14 The Fvate- Miyagi Nairiku Earthquake in 2008
Kurikoma Dam-Gallery (k=5%)
Masurawa Dam-Gallery (k=5%)
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Acceleration response spectrum (Gallery of Kurikoma Dam and
Masuzawa Dam)
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2001324 The Geiyo Earthquake in 2001
Sako Dam-Gallery (A=5%)
2008.6.14 The hwate Miyagi Nairiku Earthquake in 2008
Masuzawa Dam-Gallery (k=5%}

10000.0 ! TR 1 T 1 I\\I\IL
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Fig.36 JEEILE AT "y (Bl 7 2 & MHR S 2 OF R
A JER)

Acceleration response spectrum (Gallery of Sako Dam and Masuzawa
Dam)

2003926 The Tokachi-oki Earthquake in 2003
Bisei Dam-Rockfill base (#=5%)
etsu Dam-Left abutment (£=5%)
2008.6.14 The Fwate Miyagi Nairiku Earthquake in 2008
Masurawa Dam-Gallery (k=5%)
10000.0 1 ] 1 =TT 1 I\II\H:
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Fig. 37 JMEEIRE AT bV (EAEFX LDz 7 Y — Mo
IREREEATIR & H 5l &7 b D22 R i L & MHR & b O R
A ER)

Acceleration response spectrum (Gallery of gravity at Bisei Dam, left

abutment of Makubetsu Dam and gallery of Masuzawa Dam)

[SERE 20 47 (2008 4F) AF « EHNREHIER ) OFRARIR &
I, BEEN A A OWHR A L OHEREO IR D, HERED
BIEORENE, ETFHAMCSLT LS RE REETIZ,
A AT ERCERE S IS b RIS, HDVIE S HITRER
%@ﬁﬁﬂéh7ﬂAﬁ%éoit,ﬁ@ﬁ?f%i?é

EETIE, AR EL AR & A S B
Mém,&Ebfmé%E%T@mﬁﬁm%X&7hwm
VCHd 2 RS MBI S 7z, SBIC, 2o L) elBAEH
T RN R ALy bV PLEcd 5 MBS Eh & 52 1) T bt

AR - i TIC S < BERKRZ A CIRIEER D
HEhTns

VI SFERQRILEOME (20084F7 824 1)
AT T 2008 457 A 24 H, 0 KF26 /31 Mj6.8
(Mw6.9) O EFRIBEIHOHE ) MHA LT, HHRE
OHFUTEEE, JUTTHREX, TN, B ERTEA KL
U\E%’:/Lr%’ﬂﬂﬁ%’ﬂﬂ’(ﬁik SHE 6 5y BLAIL, dTEHiT o
—EBIZONT CRREE 1 LA L 7o, IR, A 39.7
HAR 144.6° , RS 108km, KFET L— hORAIAT STA)
ZBRTTEN A FF O T C AR L — FNEL (CEHEME
FODOTE) DATFTTHNTRAELZHETH D, EHEBNEH
U 7- BB O 7o O I KEEFE 6 5912x L TR DS ki
SVWFEA DT, REHEHIZEH ChH-72 (KRBT,
2008b, KZJT, 2011a), MIERHICHR IR 6 54 L7-
& TR OO 8 T IR PEEPIT KB OB FEEIN S S HEE % OB
WA CREEFRE EHEOMIZE I U ORBN RN
Too ZO72®, 7 A 25 BITKEGT OREREEEE G2 Ik
LRI T & NCERE Uiz, W5 OB CHEI Sz 4 9]
DODHBEOEET —4 10, AT REHEEIR TGN
RN U COEERH T 1 2L L GHEE CF¥% 1.6)
RERBEZBAIL TS Z LV Lz, KBTI
R Wi B IR O SRR BLOBLE N O RGT AR R T
HEEONEE LTTUTEY Thn el L7, ZoRa TR
KB EREFHCHBUN SN EE A E LTI, &F
PR R ORE AR, RRKEEITEE 6 @6, it
D 5 BN CTEM LIZEBE 6 BHIcEEI N (KT
2008c, XEJT, 2008d).

6.1 BhAL (BAM)

6.1.1 HFLETRUEHY

AL L (Fig. 38 CRALEBUR 1L EMERE SR KR 35
AT, 1999)) (X, JEERKDOEKOZZHRE Uiz ik
V=T 7T 4 VENTHY, EE LR AR
T X VA FRACETT O —INAL EJIKCREFLINIZ 1978
FEICAREAE T U 1991 4RI2% T LT, S8R 20 ELLE AR
WL TBYEMEAY MR NG X LA THD, ECE
A HEAEHE L U, B 51 7m, BETAER 220m, HE{ARE 678
T m’, ZZAEmEFEIE 4,180ha (9 5 160ha 1340) (2% L CTH
WK RN 4,650 T m’ TH 5, ZHEMXTIE, ZhETO
TE 72 KA R D B S5 THRITFIK DL E LI s
Lo T—oDAEMME LTo L BARROVER S « AP
BEEHRE I EEY, SFRN-ORERBIEE 725
TW5, [FFEICTHER LILEEY A GEEL 7.3.1 1
#ik) LR DERUK « EKROZNEND N 2L THEbf
L, FEDANOEICAR Y A EFROBEFIIHHHUK LEK b
VRIS TR I EHEZ DITRTAK L, 22 A0S WENCET
KU ER—KBEZBAY LAHOKT D, Z 20X LT
KO B NAfREe Bl T4 L A BRHA L T
(H#4)11, 2003),
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Overall view of Kuzumaru Dam

6.1.2 thERFOIKR

UL L A ANLE ORISR % Fig. 39 (2R, WEETHRA L
ETHDHN, RENIERNGENTWD, KX L
EFOREOEVE Y 7 T 4 VT A TO— ﬂxﬁ"]fﬁi’ﬂ}ﬁaﬁx
BALE & 72> TN D, A BT, 2ot L CHp Mg
ENIALIE T 2 DE K Y — 2 N D = 7R & S KT I S TE D
O ZEFTICHIER R AR E ST 5, B S iz FeoRhnsE
JEfE % Table 8 (27”3, A& AT, WA ES AR OBLANA
TOBAGE SR A AIINERE & B2 L TWD, AHERITERR
DL, X AIESERNS S LR TRV E A
BITHRY Lo EB 2 5D 0, IR O $r1E 7 )
DI R AE ML oD —J7 18] D e KNI I R TR X
VY, BRI CO B R M O R RN EME A K E <, InHE
FHHH T EREL A>T WVD, BIENTO ETHAHA~
OEBOMENE LT D LB BND, AJIINEEM
B ONHEJLE AR bV (BEERT 5%) % Fig. 40 (2
Y, REM FRRIEHEEINE AT LT 5 &,
SIS CH D038, WA TIRINEESE A~
b AZHBERSERLL U 7= AR O IR R A CH 5, B TR
FE (3R o 02 BT EE L S G GER) O
0.45 BAHEOEENCIE 2 v — 27 WD, WEEHIEORTR
D TERE 16 4 (2004 ) BBz o)1 2 A%
O TFRE 20 4F (2008 4F) 45F « EINERHIER | OFRAKIR
Z LD EGE ALY bV (Figs. 17, 27 K1128) 1Tkt
B LC, DS AR RIS L, /N S 7 %
ECTH D, RE LONMEELIRE AT b, & HE
TONMHEEISEMEN /NS L, 2 FOLL RN S E 13k
WIS E <, R AR C o0 I A o R ) A3 R

B DREFEM RS LD AT JHUER) 201

H A TR EISE ALY bV ORJEER ToRd L0
KEV, ZOZ EF, AHENFHRO X 5 (2585 ks
B LEHE ThHo7mZ ENBE LWL EEZLN
%, sHUEEIL 34 ThHY, EE3 L7205, FHUEE 3.4 1%
B A ITOVEHIEE TIEH DM, F L0 I
RERT HHIEBI CThH 5,

Y
141.0° N 14200
Fig.39 BN & & Af7E

Epicenter and dam position

Table 8  BLHIFLER D e RIMNEE

Maximum acceleration of the observation record

The Northern Coast of Iwate Prefecture(2008.7.24)
Stream Longitudinal Vertical
Crest Maximum Acc.
BL27385m (cmis?) -310.4 -139.2 -96.8
H=51.7m Maximum Acc. Ratio 7.21 4.76 1.93
Maximum Acc.
Core 2 92.2 -54.7 60.6
EL.248.00 m ems )
i Acc. Ratio 2.14 1.87 1.21
Maximum Acc.
Foundation s 43.1 29.2 50.1
EL217.10m femnls.)
i Acc. Ratio 1.00 1.00 1.00

2008.7.24 The Northern Coast Iwate Prefecture Earthquake
K Dam- Foundation (k=5%)
10000.0 I TR 1 T TETTT 1 LI
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Fig. 40 JHEEIGE A7 bV GAIDRES FE AHR)

Acceleration response spectrum (Foundation)
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CEFRINFALROME | OIS LOHIERF ORI
O, AHUEE) AW L L o R E S R T o 72
LG, ARY LTS RPN CONERELISEE OB A
K&, 2 WL EOREBEIR CIIINEE IS B IEF I
INESVHIEBTH D,

VI FR23E (2011 4) RALMAATEBE

OROPRE =i (R 55 O B BK) 130km +300) € 2011
311 H, 1485465712 Mj9.0 (Mw9.1) @ g% 23 4
(2011 4F) BALHDT K PEEMIIE | A338E Lz, BEiRgE
BT Cle KB 7, EokR 13 HlrA, w0 11 fily, 7K
WU 8 i, AU S TN CREEE 6 58, IR, PRIEIELISM
D 45 FERFRCEE | UL EEBI L, B, dis
38.1° , HURE 142.9° , RS 24km, HARHHEI O OILIGA
Ity DR E Gy T do D =i PR 2~ & KIRIIH FE T O R
TL— F RO T L— F OB ORI 2 R S LT
FA LT OETH S, AIEIX 3 A 9 HIZ M7.3
(Mw7.4), e RAEIX3 A 11 H, 158 15 5312384 L= MjT.6
DRI OMIEE (R AR 6 98 : KRR T TH Y,
BN ORE - FRE I~V =F 2— F 7.0 F
nelal, ~7/=Fa—F60LLENITENZKATL, Fi,
AHIEBE LA, R BF RS2 D s b v 5, i U A,
TR RN AL, 2K K VR B IR © b e KR
5 UL EEREIT A RENRAET D L, RERENR LS
THIEHE A HERIRE 3 A& Uz, B RR CH B AR DK
PRI R A DS IR L O A A e R ARES T 9.3m B
b, IR AT 8.6m LLEZBIHIL, &5, db
HEE D B LB IS 2T TORFLER /NS FGE S T
Im DA LEOEE 2800 L, BHFEA T 1om 2482 5 H
DEBMZHER L7 (KRBT, 2011b, [T, 2012a, K%
JT, 2012b), AHEOEFROMIRIL, BRE L TORMOH
FECH Y, 869 - HBLO —FEappHifE & 1896 4% —fe iRk
DHEEP RN RN F R L & OFREN D 5, MRS &
WIC XV HREET) (BF) WEE LTI EFT TOR T
ST AR DK BT L 0 H TR O B RIS~ D fik
HIDFAE Lz, 20720, KUk < OB LD 7= D%k
RIGASERE S, 10 7 A% 2 D #S5EE D3R NIR 551
IS ~ERE L, MWD YR 72 2 IRIKE 238 £ LT, 2013
9 41 BHIET, 64 18,703 A, {TH A 2,674 A
ABE 6,220 N, WEHEEHELL 61,355 A, 2 126,574 B,
272,302 4, —¥FRGE 759,831 CH D (E BF T K FE
RO ARHEE, 2013), FEHE D 90%LL_ESKIET, #EDZL L
WFERIZLE DO TH D, ILEEFAOMET & HEE 079,
ZOX DI EREF DML - KF LEELZET, BUF
X2 OHBIC L AEROLHE THRAARER] & L,
[REITIZE Y TR 23 4 (2011 4F) BALHG ACEEE L
=, WEEAF % [The 2011 off the Pacific coast of Tohoku
Earthquake] &4 Sz (REJT, 2011c),

7.1 EHEA L GEAM: F+2)

1.1.1 FLETRUEH

KEBF L (Fig. 41 CEFIR— PR pE 3 R AT T (i
£, 2013)) 1%, BEAKOIKOZEBNE Li-F =
Y7 —=bREN (=L RA) THY, EHEBMINAREE
EOKFIFHT L0 HFARE RS 70T O — 87 1S ) 17K
RN YESE L7 TiEZ W T 1997 FICAREFE T L
2004 AFICE T Lz, Fx— MNEZEMEE L L, 8BE
63.7m, H2TEE 165m, AR 148 T m®, 228 iHFEI% 2,191ha
(95 2,174ha 124 (2% L CHBIRTREIT 8,600 T m* Th
D, ZIEHX TEEEY (L AR E) OwhE - BEERAK
ELTERESN, ZEROREKT AT H A HERKL T
W5, E£72, VrIORER EICHEBRL TV A,

Fig. 41 CRAEM X L
Overall view of Ooshida Dam

1.1.2 HEBFOKR

B L X NGB OBRE Fig 42 (TR, KX LT, A
BORA LY 200 TR bILAET 2 4 A Th D,
Z @ Fig. 42 \ZIIARHTE COBIRT 2 o MBI &k %
P72 9 X LAOEMA &, ILWEES L, BALY A, B3R
o, AIE N, BERE N, VA E L, HHRAZ LK
FHRY LOMES T, KL AL, EHX=a0 7V —F
H LT ORI 72 MR R EAL 8 T &b 2 ] R DB AR & 12
T O T I R AR STV 5, Bl S iuiz ik
JINGHEJE % Table 9 (2733, A& LTI, R AE O
W COBMG SR Z AJHE & R L b, By
M ONMEE, RO HMECOEAX 27 J— &
ADH L TP 13 4 (2001 45) EHTHIE ] Ol ¥ A0
RS OIMRE L 4.5 I2OWTRE RIEELTH S,
AL NE, BIEE RE (H) 23259 (=165m,763.7m)
L LIHBREWEE X A (LIH=6.77) \ZHi L CIRTER
BRI/ NSV, BIER REES RS WVE, HLHRo
WHEPNNEL, RIHHLRLTWEEZLND R, W& LOR
TURE R ST, INEE I RTER RSB S LT
RNEBZBND, NIRRT ONRERE AT b
v (BEEERIT 5%) % Fig. 43 [R7, Bk [SEak 20 48
(2008 ) HTF - EIRNBEHTE ] OMHRY AONHEEISE
A7 kb (Fig. 34) IZHEEIL T A0, HHREZ LD LD
TRE LT E— 230, FHHEEL, 3.6 THVIEE 4 &
2%, MEOBBIIR R TH 7203, BRIEHESAKE O
7o OHEBIEE L TR Y, AL AP I 2 125
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Epicenter and dam position

Table 9 LI FLERD e IMNH E

Maximum acceleration of the observation record

B BHEE R - AREE— - BEES 21 HACHIEE 10 4R O RBUEHIR 2 361) D R R & 2 0 AT iR H)

The 2011 off the Pacific coast of Tohoku Earthquake
Stream Longitudinal Vertical
Crest Maximum Acc.
L 39290 m femish 164.9 -98.7 -46.0
H=63.7Tm Acc. Ratio 3.26 2.34 1.20
Gall Naimum Acc. 50.6 421 38.3
ery 2 . . -38..
EL.335.70m _femis)
Acc. Ratio 1.00 1.00 1.00
2011311 The 2011 off the Pacific coast of Tohoku Earthquake
Ooshida Dam-Gallery (A=5%)
10000.0 [ e R R T T T TTI1T] 1 1T
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Acceleration response spectrum (Gallery)

AR L CGERE)
S LT R U

E{A S I (Fig. 44 (FEMOKEES BRACEREUR Ttk B

203

AT, 2008b)) 1%, [EESFLEREERFEICLVE
T UK T O —F N AL ENGRFFER) N 3K & 568
ZRAME LIEERE A — 7 — 20y 7 Z KL LT
1956 AFICARIRE T L 1960 FFITHE T Lz, X LA FA3E
EHTH CTH LM DEEOM TH Do 7 ) — N F
DR ITEMERE ST 2 LD T 4 VX DRI Sh
72o LU, MO 720 TATREHARIASER S5 RIc3s
TBEOIFFEDT-DICTHIFMENELEIND Z LD,
ERRIEARTL & 47z HARTHIO CORBUEZR ARG
LTHD, WKV — ORI TTER, By —13Y
7 ME2~3m O Y 7 R TE, —, Ry —vEl 7 b
& 10m OF Y 7 N TIEERA Lz, 8% 20 4FLLE A%
BLTRHBYEHMAL AMEZONDZLTHD, Fr—
N2 JERE AR & L, B 40m, HRTEE 351m, AR 850
T m?®, ZAEHAET 8,345ha (9 5 5,869ha (34 1% L TH
WK EIT 46,300 F m® THY, KiE, B, FHE, HE
TR E SRR RN MK TR STV S, BER L A
O THAEMITKEDRKE X LN TS (Fig
45 (5, 2003)),

Ao ;
Fig. 44 ‘A4 2
Overall view of Ganndou Dam

Fig. 45 ‘A% &
Overall view of Ganndou Dam

1.2.2 #ERFORKR
Bl & X AMIEBOBREZATRO [REBHX L] THRL
72 Fig. 42 12”7, RZ A, BEABEZA L TWRNI &
D, NURIER O HBEHAEFEY, oKW S EES & A7 Rl
OEBMO ZFEANC B SHES LTV, 2L, &
HBUCERE STV 2 HEFHBIIR SIS E L ST
5o BUN S 7o e RN EEE 4 Table 10 (27”9, A& AT
i, NURER OB R COBMNGFER A AT & Je L
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TW5, FUERTO EFiRI7m & & 27 ok
KEZIZFER CTH Y, EECOHBEEOHEIED I &
HHBEZ RV, BIEETIE, BTG ML & adhlimo
BRI EMEA KR E <, SRIENTO X L7 R~ iRE O
S 2N 9 2 B b LT\ D, SRTERE TIRIEE
IT4RRETHY, ARRO DaFRRIGHOHE) OBy A
O _ETHIFEONGELELL DK 7 (Table 8) 12l L T/hE W,
AL LK 40em/s® ([Tl L TAS A3 65em/s” & AT
IR K E L, 7 4 VF D TORREREDRSCH D A
TINEEENR K & T2 B LIRBNEE AN E L T2 BHA & 72
STWAD, £20E, KELAOESDNEAY L0 b4 UK
W2 E DB EMAN TOIRBIOHEIRS/ NS NWEE X Bivd, A
JIMGEEEFR 2 OGRS AR by (BEERIL 5%) %
Fig. 46 |Z777, 02 PO CONMMEEISEENI R E <, #
JE 0 R O S5 IS C R0 M D 2 SRR IR 7 I
EEChHD, sHUEEIX39 THY, EE4 LD, Rk
KAEMS L E RIS, HEOBRIIN LRI CTH - 7203,
EYLIREES K X W D HEEEN IR L TR0, AR LML
I 2 ICRRBRT 5 L B2 b A BB Th o7z,

Table 10 BLIFE &k O 5 KNNHE L

Maximum acceleration of the observation record

The 2011 off the Pacific coast of Tohoku Earthquake
Stream Longitudinal Vertical
Crest Maximum Acc.
EL. 70050 (cmis?) 2549 290.3 -104.0
H=40.0 m Maximum Acc. Ratio 3.91 4.41 2.77
Maxi Ace.
Toe of m Ace 65.2 65.8 375
downstream-slope (cm/s”)
EL.671.51 m Acc. Ratio 1.00 1.00 1.00

2011.3.11 The 2011 off the Pacific coast of Tohoku Earthquake
Ganndou Dam-Toe of slope (A=5%)
1 TR 1 T 1 T
Lower-Timit acceleration respomse spectrum
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Fig. 46 J#HEINE A7 Fv (FHIER)

Acceleration response spectrum (Toe of downstream-slope)

1.3 WEBFL (FROH)

1.3.1 S LETRUEH

WM& 2 (Fig. 47 (BFEE, 2001)) 1%, BEEEHKORFK
DHEHHE Lk — oMo v 77 4 V2 A THh
0, EEILER (CH) BEAREEC L 0 A TIRERE

SR DRI AL BRI 1990 AFITARIRE 1
L 2001 BT UTe, 22 2 SR & LU, 225 61.5m
HTEE 241.6m, AR 1,049 T m’, S48 mAHIT 3,890ha (1
X722 L) (SR L THERIETKREIE 37,600 T m® Th b, A%
DX, B KRR R O LEVEDN S, TR T 4 VA B DEL
INTHE N E LCERLEZIBILITES & (5 37.4m, 2
THE: 150m, HARE 276 T m®, AZETKE 9,594 T m®) %
B L (5 37.4m 25 61.5m @ 24.1m HY) , AT
% 4 {35980 L=, Fig. 48 (2, [RILTFEHES L2 & - TH]
KA L, FUICHE (5 EJRK) 2808 LTV oIk
PLE, e BRI Z D EAT L TR WRILME 2 5
TS (BMKPES BL R BUR - Hick R i 7 i,
2008c) , MAMNWELFHA AL L CidlkEFmN2E—0OH
Ll 72 0 BRI OWEL )20 Tl oK B 2 feft ¢ & 7n
W2, RRRO L D ICEHIL A LT F L L LTI
KIEAZR > TWD, BIETFHAEIC 2] OIFIHE
BENTEY, IBL LOEFEIFOFETH B KiEIZAKGN
DIRWEFADFEWZ B Sk T D (3811, 2003),

NS/ /72- 40N

Overall view of Sannnoukai Dam

Fig. 47

Fig. 48 [HILFEME4 & & P ILEES A

Overall view of old Sannnoukai Dam and raising Sannnoukai Dam
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1.3.2 HERORKR

B X AMIEORR AR D TREB X L) THRZRL
72 Fig. 42 127 ¥, iEBRICE A L R OVEIR A AHM7E LT
W5, RELL, ITHEOEFSOEWT v 7 7 4 )VE LTO
—RAO 72 MBI R ENLE T & DI R EA R, FEEicxt L
T HRE IR T D LK — N 2 7 & e KT
R T O = EAT B B E SN TV D, S5, &
LT Z L TH BRI D IR RO MER S 2 255
7o IHERRDORE U7 BRIEER O M 12 b HIEF AV RR E S
TN %, B S 72 i KNS % Table 11 1279, A
HLTCUE, ARG A S O8I AL C OBUIRR SR A AT IH
JEL LR LTS, [HERKD SR TEH O R i DO BL A A%

EX a2 T EOBRSOES LD b T NIENVESTH D
28, LRI L 0 K& ZRBKINEEME CH 0 HERAN TOIE
FOHIFIIRE <o TWD, ZhuE, HERBAERT —RA 7
ANTHD T LD BT UTERAEN TR S0
(HER /NS Ted B2 bvd, @& BITEREN T, 7
@A E < 7R D ITHEN R RINE IR E < o TBY, &
L ERARN IR S R ST D, ATIIIEFE RS o
BEINE AT FV (BEERIT 5%) % Fig. 49 1TR77,
T L— MEERTHRAL, ERIEDEEL TV A HIEEBNC $ 23w
DL, E BRSNS U CRE LA A T BRN
SRS ALY SV L 72 0.1~0.7 000 & ek < AE 7
IMEEEISEME T D, MEEISEMAERE T 5 & BAH
TR E AT b —Ed 5 K 9 2 B RN
HETRE AT VIR ISR A B ChH 5, Ll
RS HIREI T O N LS BB DA R A3 0 O h) 23 B A
A TFIRIEFISE AT MV X0 b/ S0, FHIEREIT 4.0

S =54
ThV, BE4 LD,
Table 11 BLHIFEHk O F RN
Maximum acceleration of the observation record
The 2011 off the Pacific coast of Tohoku Earthquake
Stream Longitudinal Vertical
Crest Maximum Acc.
EL.3075m (emis?) -235.4 -217.4 -144.5
H=61.5m Maximum Acc. Ratio 4.12 4.01 3.23
C Niaximum Acc. 115.1 96.9 3.5
ore 2 -115. -96. -83.
FL.276.0 m feavs)
Maximum Acc. Ratio 2.02 1.79 1.87
Maximum Acc.
Foundation ms? 57.1 -54.2 44.7
EL.2420m (em/s’)
Acc. Ratio 1.00 1.00 1.00
Maximum Acc.
Old crest 5 -247.5 -183.8 -107.8
EL.280.0 m em/s’)
Acc. Ratio 4.33 3.39 241
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2011311 The 2011 off the Padific coast of Tohoku Earthquake
Sannnoukai Dam-Foundation (k=5%)
I R I T 1 L
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Acceleration response spectrum (Foundation)

1.00 2.00 10.00

1.4 BAYL (Bhil)

1.4.1 FLETRUHH

ANk o> VI ST G RALER O g (2008 427 A 24 H) |
D 16l BEWHIAL] IR TH D,

1.4.2 #ERFORKR

B L AIEORBRRERIRD TREHZ L] TR L

72 Fig. 42 \Z7~ 7, BRR D K 5 ITRFERY 72 KiEH 2 520 L €
WAL FWEY DT L TWA X A Th 5, HEEHRREN
TR TV AR R OME (2008 4 7 A 24
H)l @ T61 BALX L] ICHUTTHD, BlSh-fiK
JNEEEAE 2 Table 12 (2773, AKX LTI, WIREEEAETD
BN S C ORGSR Z AL L e L CTnd, KA L
OFERBEEEIRNR O (U FWES 5 L0 BRI 2km 1<, AS)
TN EEFA S O RMLEEE X (U TE#E 4 2 (Table 11) L0 A&
FLAMKRE, ZORKINHEEMEO KX S OMEE, Bl
FREEIC X 2R K0 & i &2 C o SR 0 IR AR
PEOHIETH D EBE X BND, BIENO 2 7H TS L
FFIONEEE LA R m &0 bR E WV, BRIAFE T
I FE ST O K F < 72 B IOIEEE b E R
FEPRRELIpo>TWD, ZOHKTL, BEFRIFEIO
ﬁ%Jﬁﬁ@®%¢(nmm)kﬁ&ofﬁw,%ibt

EEOIRIEAEN L TWD EEZBNS, A
ﬁ&mé@m@gmézm7%w(ﬁﬁﬁﬁmww%F@
50 (2”9, RO IIEHRES L0 Fig. 49 & ik LT, 027
RO A ONMRFEISBME N R E WV, IITEHEL L & FERIC
o JE HIREI T O N EE TS EAB D A7 23 0 O ) 73 A
H IR E AT RV LD H/hEW, gHERE T 4.2
ThY, BEA LD,

[[l— 4 L TR D MEIC K D MBSO IR A~
7 MVOREE T 572, sk VI AFREGN
EROMIEE (2008 47 A 24 H)J @ T6.l FHIZ L) THH
BEINE AT bV (Fig. 40) & ARHIEE CONLEFLIGE A
7 MV k% Fig 51ICERTRT, KEAFRRD e TR
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LR O |, MRS AHIRD =MD Th D, AH
BITNEETRAE L. DEFRIBFIALEHO"E] &R0
RSB B O NN LS EAE DB D3/ SOHEB TH D,

Table 12 BLHIFC kD 5 RMNIH L
Maximum acceleration of the observation record

The 2011 off the Pacific coast of Tohoku Earthquake
Stream Longitudinal Vertical
Crest Maximum Acc.
L27385m (cmis?) -311.5 -262.9 -139.6
H=517m i Acc. Ratio 4.39 4.19 2.42
Maximum Ace.
Core s 110.0 -109.0 82.8
HL.248.00 m fom/s )
Maximum Acc. Ratio 1.55 1.74 1.43
Maximum Acc.
Foundation ms? -71.0 -62.8 57.8
EL217.10m em's )
Acc. Ratio 1.00 1.00 1.00

20113.11 The 2011 off the Padific coast of Tohokn Earthquake
K Dam-Foundation (k=5%)
10000.0 i I i =TT 1 L
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Fig. 50 fNHEIRE 27 R b (AR B A ER)
Acceleration response spectrum (Foundation)

2008.7 24 The Northem Coast Iwate Prefeciure Earihquake
2011311 The 2011 off the Padilic ooast of Tohoku Earthquake
Kuzumam Dam Foundation (§=5%)
jLLLL IR ! R 1 T 1 LA
Lower-limit acceeration response specirum
— HoTiZOuEAL
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Acceleration response spectrum (Foundation) at “The Northern Coast
Iwate Prefecture” and “The 2011 off the Pacific coast of Tohoku
Earthquake”

Fig. 51

1.5 BRAL (R

1.5.1 FLETRUVEH

BIRZ L (Fig. 52) 1%, BEMRKOITKOHRZHINE L
FEAR 7 V= NELATHY, EEER LR E
T L0 A FRAEE T O—F)IAL E)HAKRER)IIZ 1949
FENCAIE T L 1961 FFICB T LT, T a2 SLam b
L, 8% 59.1m, 12THE 150m, AR 130 T m’, Zism
FEIX 5,316ha (MHIX72 L) 1%t L CHEZMF /K& 19,856 T
m’ TH Y, ZIHX TIELEN e FARBTHR S, KRGO
EDVINE, KUNE &N TV 5, 5214 20 ELL % =9
LCBYEMEAY Az b4 A THD,

Fig.52 BLR & L
Overall view of Toyosawa Dam

1.5.2  HERFOKR

B e H AMIBEOBGRERRRD [KEHF L] THRRL
7= Fig. 42 (S~ 3, BB O (L FHE & A RO I A AT L
A ANThHD, AFLE, BEHXa0 7 — N AO—%
172 M R FH R T 8 C db 2 Il PR B AT R & SR TERES oD — (& iy
ICHUBF SRR E SN TV D, B & du 7= die K nsd i fig %
Table 13 (27”9, AR& ATiE, AREBEAE OBHLS TO
BLARLER 2 AL & R LCW D, BB o 1L EHE & 4
REAAS b L EREEEE TS IF R (L THE & 2 0 223.0km,
WILA L0 221.0km & ARE L 223.4km) THDHH, WH L
DOIEBETORKMIEEE (Tables 11 KON 12) DI L%
45cm/s> LA FIZHE U CAR S LD B RIEFEEIT/N SV, &
DI, EOHREEN KX 2 GER A & (B IEHE 258.2km)
DEKRAMELEE (Table 9) 0 40 §9~50cm/s® L ¥ &/h &1
LMD, FREND S L TORERIMEEH DK E & O
L, PR K DI K 0 b & 4 A A
DISEFHEOHETH D LB X bILD, RIEHTIE E TR
JFIRAMILD Z 5 RSy 00 2 ERREE DNNEEELL & 72 % 3.45 T
BV, ANROKER L AL FREOIHEL Th D, AT)
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SR EEAE Y OIMEE B AT RV (BEEERIT 5%) %
Fig. 53 |Z7~$, Table 13 O X 9 (S EESEA R CTD 30~
40cm/s> FEJE DI KIMEEE T 5 2 L6, W A T IR
HEEIGE AL ML L0 D7a D/ S WIS E T 5
%o BRI OELE It Tt Z M LD bR E R
INEEISEMTHHD, ZJFmE HIcir Lz 0.01~10 7
T CORFMBEN CIZRREOMEENEHBTH D, B
JE RIS CONMREISEAE DA T A0 DR 28 B
TERIEEEISE AR "V XD /S, FHAIEE T 3.4
Thbv, BE3 LD,

Table 13 B FE &k D 5 KN

Maximum acceleration of the observation record

The 2011 off the Pacific coast of Tohoku Earthquake
Stream 1 itudi Vertical
Maximum Acc.
Crest . 140.7 50.2 458
EL.301.40 m (em/s®)
H=59.1 m Maximum Acc. Ratio 3.45 1.67 1.45
Call Maximum Acc. 408 30.1 31.6
allery 2 . -30. K
EL.248.50 m (em/s’)
Maximum Acc. Ratio 1.00 1.00 1.00

20113.11 The 2011 off the Pacdific coast of Tohoku Earthquake

Toyoawa Dam-Gallay (#=5%)
10000.0 —— R T T T TTTTT T T 1T
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Fig. 53 NEFEIGE A7 hv (AR EREE AT R)

Acceleration response spectrum (Gallery)

7.6 HINAFL (FSEFESH)

1.6.1 S LETRUEH

FAJIA 2 (Fig. 54 (HLEEBUR R B0 At sk = 24T,
1999)) 1%, MEEFKOEFKDZZ HIF)E Uiz ik —
VHIa 77 4 VEATHY, EE R ESRFEIC L
0 5 TR AR IRIT O il 1A B AR FE) T 1993
FRICAIRAE T L 1996 4EICR T LT, —EA0HER S Okt
Z IR b L, HEE 40.3m, HETHIE 168m, HRAHE 344 T
m’, SZASEFEIE 508ha (9 5 488ha (3 1TxF L THRIAT
KT 1,600 F m’ TH D,

Fig. 54 )14 &
Overall view of Aikawa Dam

1.6.2 HEROKR

B & X AMLEOBREZFTRO [REHX L] THRL
72 Fig. 42 |3, RZ AL, AHE TR L7cZ AD7eh
THROERIENS L Th D, AZ LT, RN
B K B2 TEGE 0 (T B RS i iE ST 5, B
SN B RNE L % Table 14 (237, AKX LTI, R
RS A R OB T OB S A AR EE & L2 LT
5, BRROZENA 2 (Table 10), [LEHES 2 (Table 11)
KOV L4 2 (Table 12) (ZEbEE L C, AJIIGEEE Y O
RAMEFENE IS 100em/s> 2B & K& <, BRIV D & %)X
We U7 BLAMIE & 72 > TN D, AJTINEEERR Y D fe KN
ER=ZFHHE BIZIZFERCRE S TH DD, BIEHRTIEE
RS A Od KGR K & <, & LfhJ7 R & $hiE 7
DH IR L 72> TR Y, BRI O E kA
R&EL, BIENTO LRI ~OHREN O HE ) sl LT
WD, AJTIEEEAE Y DONEEERE AR R v (B EE
1%5%) % Fig. 55279, ANROZEIR A 24 (Fig. 46), 11E
i 2 (Fig. 49) M OVEHA L (Fig. 50) (Zhe LC, &%
FIMEEENREDST2Z LD, MEEIGEEITRE <
7o TEY, RAIMEEMENARL MR TRE SIS
DR FERSEE A7 L D5 JE S oD JIE i A %
REL LI &9 MBS EM T 5, AJIINEEEFE S O
I KA A A | R & & i & HITIEER U T
B D7, R LT 0.01~10 7 42 JF I 5 C O Il R
BAEEMITI E HIFIER U TH B, SAE ST OFRNHEE
MO “H B L ThTNINSNZ L b, R
L 72 0.01~10 £ o> 2 $AfE s C oo el B8 2 & fth o> — 5
FHZHEL L TR S o T D, FHIEEIX 44 TH Y,
B4 L%, R0 XD IR IS b AR O R &
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2 (Fig. 46), |LIFHEX 2 (Fig. 49) K OVEHILZ L (Fig. 50)
IZHEZ L TRE WD, 260X AOERE 4 GHUEE
IXZNEIL3.9, 4.0 42) KD HEHAREN 4.4 L EE
4 L LTUEREL 2T WD,

Table 14 BLHIFC %D i RMNIE L
Maximum acceleration of the observation record

The 2011 off the Pacific coast of Tohoku Earthquake
Stream Longitudinal Vertical
Crest Maximum Acc.
L 98.50 m (cmis?) -451.9 -332.3 -334.1
H=40.3 m Maximum Acc. Ratio 4.32 3.27 3.52
Maximum Acc.
Foundation 5 104.5 101.7 94.9
EL.55.50 m fom/s’)
i Acc. Ratio 1.00 1.00 1.00

20113.11 The 2011 off the Pacific coast of Tohoku Earthquake
Aikawa Dam Foundation (#=5%)
10000.0 T T T TTTTT T T T
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Fig. 55 JIMAEISE A2 bv (PR EEAER)

Acceleration response spectrum (Foundation)

1.7 BERA L

1.7.1 5 LETRUEH

AR A L (Fig. 56 (EIRRRIGHL T 2 L6 5T
2013)) 1&, BEEFKDITKOHRZHIE LizE a7
U—hZ L (F—=bLR) THY, HEDPAPNPEKEE
FMFFHIRAZ 2 0 3 S R 77 00— AT 1AL FJHZKR R
SEAERUCIRIE L 7 T3E% VT 2001 ARICARRE T. L 2009
ISBE T U, B AR 0 oL ILEHHZ e
&L, B 68m, IETEE 200m, HEAFE 235 T m’, Zi4&m
TEIE 10,425ha (JEIZZR L) 1o L CAHRIGK &L 1,300 T
m’ Td B, Kififh 3 BTICE4 2 K- & han sy
WRNA OB A~ DREER KOG ZH > TV D,

%5 215 % (2014)

hg% R A
Overall view of Ganndouzawa Dam

772 HIEREEOARDL

Bl L X AMLEOBBRERRO TREBRX L] THRRL
7= Fig. 42 [T d, %k =Y A% M LI X A Th
B AL LE, EHX2 7 V— N ATO—RHE
FHRRENLE T &> 2 R BRI & SETE o &Rt inx <
Lo & (FZ 9 8 brRAOEF ZEETICHE
FERRRE XN TWD, Bl S i KNS EfE % Table 15
R, AR LTI, IR ES A A OB S T D BLRI R
Z ANFINEFE & R LT D, AL oo e KONERFEAE L,
TR PR S AT 0D e RN FEAFE L B L TR & W, RTEEROD
BTG & F DT O EE L SRR Lo TR
D, AN TOIREORIE I J7 IS X D HESHN TV
VY, BIROKER F ARG OHER A LIl LB RIS
728 (FXEH 258.2km & O 223.4km, AKX AT 204.1km),
B KIMEEENE (224 Tables 9 X110 13) K& 2> T
Do RELLZNGOMWE LE BITMHEEIXFERED 3
~4GIRRE L 7p o TE Y, 30~60cny/s? FE I D A ST IEEC
SLTENR a7 U— MF AL, BRI s
NTIEBOHEIENAE T TWD LB bND, ATIINEE
FIYE ONMEREEE AR bV (BEEEI 5%) % Fig. 57
WRT, =050 & BRI EE A RREE O, =55
M & BB L2 NEEISEMBE 2> TERY, | BLLTFOMHE
HISEIR CIX = H MmO IR BN I TIEE R > TR Y, F
M & DR B b T2y, L, | UL EoEE
IR TIXE 22 2INHESEMM TH D, 0.1~0.2 B D)
HISEI O MR LA AR & <, RJFABIFEIR CoME LIS
BAEDFERITHD T 5, FIRO KEH S A D Figd3 o8
IRH LD Fig. 53 ONHEE AT b AR LT 0.1~
0.2 B ORI FMIFEN TR & AL INEECH 5, BB
B SN EOEWC X DI EISE AT MVE KT 5
720, AEHLLD Y & k2 RV OIS ALY N VA
Fig. 58 (27”9, RS & AT LD U A R pvod
LR SO ML ALY N V% Fig. 59 ICHQTRT,
BRI AR R AR, AIRR AN L D =7 MRy T 5.
TR ST EE AT & 0 A R L O B R B S R & VN 2 &
5, MEESEES REL< Ao TWD, HiFHLD 02~1
B ONBHEISBEMNARE L oo TR0, fFHILOIE R
HERHEbN Wb EEZ LN, 2 B EORFENHERT
VB S O IR IS AL B2 > TR Y, F BB
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TORERFER DIV TR, GBS |3 A T RS AR
T39THY, EE4L HFEHLOY AR XL T42 ThH
D, EBEE 4 L7nD, AR LI R SRS A oD e RN
ELYRENZ &L, IEEISEME S 02~1 P TREND
EVNFEEDZEL > TND EEBZ LD,

Table 15 B FE &k O $5 KON

Maximum acceleration of the observation record

The 2011 off the Pacific coast of Tohoku Earthquake
Stream Longitudinal Vertical
Crest Maximum Acc.
EL 411.0m (cmis2) 218.3 201.7 82.7
H=68.0 m Maximum Acc. Ratio 3.63 3.20 1.54
Maximum Acc.
H(j;;lle;y (cmis2) -60.2 63.1 53.8
™ | Maximum Acc. Ratio 1.00 1.00 1.00
Right Maximum Acc.
-83.8 69.8 78.0
abutment (cmy/s2)
FL.411.0 m Maximum Acc. Ratio 1.39 1.11 1.45

20113.11 The 2011 off the Padific coast of Tohokn Earthquake
Ganndonzawa Dam-Gallery (k=5%)
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Acceleration response spectrum (Gallery)
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Acceleration response spectrum (Right abutment)

20113.11 The 2011 off the Pacific coast of Tohoku Earthquake
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Acceleration response spectrum (Gallery and right abutment)
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Overall view of Futatsuishi Dam
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7.8.2 HERORKR

B L X AMIEOBBREZRIRD TREBX L] THRL
72 Fig. 42 (SR T, AROARIRS S HE L, BIIEHES
IFIER U CEMEIR A A 204.1km & A4 2 200.8km) T 5,
AREBL, TEOEEDO@ENE 7 T 4 )V E N TO—fET
IRHIERGREALE & [FRRIS, WIREES A, tREcxi LT
PR 5 | DA B 5 B K > — o N D = 7R & e KT
BTERS, DMz TERMLOY A (VT 8) b
O EFIC R AR E STV 5, Bl ik
INEEEAE 2 Table 16 (2733, AX LTI, WIREEEAELD
BLALS COBLRGLE 2 AL L B2 LT\ D, Rk
SR A B ORI & RIRRICAR S D ZE L o F RN
TR AU YR R S R A S oD e RN L beiie L TR &
EETHER DR EL T 1R D Fe RAME LI L & gl M K 0 6 K&
<, DI, SNES R OMEEE S =IO T b KX
<, RIEIZM > TEREENDMEIR S LTV 5, IREOHIE
I, PR S 2 7 E ClICiR L, a7 # b
TEEH O COHEEN DR E L Ro> T D, AJTINEE
FRY OIREIEE A7 bV (BEEESRE 5%) % Fig. 61
\RT, AIROERRZ L (Fig. 57) &AL L 72 msd B
BETHD, EERL L L L TO01~1 B0 /EHE IS
WLl —2r 2 h 5, HEBOBHIEALEOEWIZ K 500
HEISE AR MVERKRT 570, ALY A kv
FIOVDNFESE ALY S L% Fig, 62 (T3, MR EA
JS & e R HIIL D U 2 | 2 )L D BN R 0D I R A
7t V% Fig. 63 ([CE A TRT, AR RIPREES AT, A
DML O = mps Th 5, AEillo =F5mo 2 7
LUF OIS OMEEISEME AR E L 2> THBY, BT
AT GRSEAR) 1% 0.3~2 Fbop J& HIRER I TR L s
ERKE A2, &Ll R 1% 0.2 FhoeiL
=T RH Y, SE TR GREHRR) (X 1~2 LI F0JE
W R TONHESEEARE L oo Tnd, ZD X
T LA T DN BB OAERIE CTH 5, FHI
BEIWARTERE C4.1 THY, BIE 4, ZEMLO Y A
R T 47 THY, BESHBHERD, oFHILIER
AR OB KMEEE LD 1.4~1.8 FRERE N &
&, EEIGEME S RE L Ro TS Z ENFHIIEE DK
ERELERSTNDEEZZBND,

Table 16  #BLHIFC Sk D 5 RN L
Maximum acceleration of the observation record

The 2011 off the Pacific coast of Tohoku Earthquake
Stream Longitudinal Vertical
Crest Maximum Acc.
L 2435 m (em's?) -165.2 -137.5 155.8
H=705m Acc. Ratio 2.18 1.84 2.84
c Moo Act- 97.6 87.2 58.3
ore 2 -97. . 5
FL.200.0 m (er/s )
Acc. Ratio 1.29 1.17 1.06
Maximum Acc.
Foundation ms? -75.7 -74.7 -54.8
EL.169.5 m (ems )
Maximum Acc. Ratio 1.00 1.00 1.00
Maximum Acc.
Left abutment 2 -109.3 -127.1 -96.3
EL.2435m (om/y )
Maximum Acc. Ratio 1.44 1.70 1.76
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Acceleration response spectrum (Foundation)

2011311 The 2011 off thePacdfic coast of Tehekn Earthquake
Futatsuishi Dam-Left abuiment (k=5%)
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Acceleration response spectrum (Left abutment)

2011311 The 2011 off thePacific coast of Tohekn Earthquake
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Acceleration response spectrum (Foundation and Left abutment)
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1.9 RS L

1.9.1 FLETRUEH

AReD TV SERZ 20 45 (2008 4F) T « Erdk et s |
D 153 HHREZ L] IZFLTH D,

7.9.2 HERBFOKR

B X AMIEORREZRNRO [RKEBX L] THRL
72 Fig. 42 |Z7" 9, KA LOMNBEIZZNETOX L ERRY
K7 v b OKRFEFERITIEZR < BARUHANIALE 95 & 2
Th b, MEFREMEIEAED [V SERL 20 4 (2008
IE) AR RS o 153 MHRA A IZFEILTh
5o BN ST e KINHREEE & Table 17 (127”9, A& AT
i, TATPR S AT R OB A T OBLIIER SR A A ST EE & R
LT D, AT EERR XY 0D f KN FE (i AR L 5 1) C
REVOPFHENTH 528, EBIEE I E TSN, &4
Bh7IR),  ERIE T AN ONEIC K & 7ot R AE 23 B & v %
— AR A BLDI TV D, BIRR DA & A & R EE D
EURREEE CAR & 20% 230.2km, A% A0 231.3km) THD
23, ANJIIGE FEFH Y 0 fe FOM A AR 47 A2 LR LT
INEL 7o TND (Table 10), S 512, AR O IFEHED
KRERREMHZ 4 (258.2km) & bz LT H/NE U (Table 9) ,
A D> T3RE 20 45 (2008 4F) AT » ENFRMER ) IR
AH I CBI S T2 A TR AR X O f KN A (Table
7) LV EE TR ERWT/RE L, ERIAF COMEELL $ 8
BT AS/ NS WD AKEENC B L TIRIFIE R O HIE & 72
S>TWN5, NEEHIE L 7L — MR CH4A LT-HE L T
BT ORI ESIEN B D EEZ DN D0, WHER)C
xF U CHERL LR B RS Bl T D, ATIINEEEFE Y
DIMEREISEART MV (EEESHIE 5%) % Fig. 64 11
T AR O KRG & AR L IR E IS B AT R v
(Fig. 43) ThH D, RAFX L LD ERITEWHERZ L
(204.1km) (ZHiE UC, e RKIGEEEEDS 1/2 (5FEEE (Table
15) TH D72, 1 FLUT ORI sE O M S A8
SR DONHERE A7 v (Fig. 57) (il LT
INEW, BIRD TV SERE 20 42 (2008 4E) HTF - HIEN
BEthEE | @ 153 HHRA L) TOHERLRIFLER D I A
~7 NV (Fig. 34) & ARHWEE T OREBIHELRO A g
JEAR Y DI EE AT bV & O % Fig. 65 (2737,
KIESHIR D [SERE 20 45 (2008 4F) 4T « B3 PNk |
O =Sy, MRS AREO =My TH 5, AR
W IARE DS /NS WS, IR o I RS2 i
IFFEER->TRY, METHLRU LS IO LT
=7 0d 5, L, 0.5 LR ORISR O 1AL
20 4% (2008 4F) “HTF - WIRNBEREE | O IREE DK
TV, E7z, 0.5 LA L R A HISE O N AL TS A A H
BOFRRORREN, FHUEEIL 3.7 THY, EE 4 &7
%o K20 4 (2008 4F) HTF - wiNEEHIEE) CHEHN
BE 37 ThY, LEiLo X SIS EEMIITHE R
TWAD Z LG L TV 5,

Table 17 IR D e KR
Maximum acceleration of the observation record

The 2011 off the Pacific coast of Tohoku Earthquake
Stream Longitudinal Vertical
Crest Maximum Acc.
EL 2458 m (cmis?) -66.1 44.7 -38.3
H=65.8 m Maximum Acc. Ratio 2.39 1.67 1.11
Gall Maimum Ace. 27.6 268 345
allery 2 f . -34.
EL.183.0m (em/s”)
Acc. Ratio 1.00 1.00 1.00

2011311 The 2011 off the Pacdific coast of Tohoku Earthquake
Masuzawa Dam-Gallexy (k=5%}
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Acceleration response spectrum (Gallery)

2008614 The Iwate Miyagi Nairiku Earthquake in 2008
2011311 The 2011 off the Padific coast of Tohokn Earthquake
Masuzawa Dam Gallery (k—5%)
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7.10.1 4 LEETRUSEH

THRL 2 (Fig. 66 (FEAKFES AL EEUR Lk B
T HT, 2008e)) 1X, REEHIK & UKL A& L
HULHEAR Y — 7 — 2 X K TH Y, [EE B R %
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JINT 1969 4EICAIRFE T L 1975 4RI T LTz, ez ik
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2 ASMAEIE 2,093ha (9 5 1,191ha [Z4H) (2x%F L CAELIETAK
BT 1,600 T m’ TH Y, ZEEHK TE 0 H 0 SEFIERE S
RO OEFEITTEN S TW5, AKX AlTF AR
1,350m’/s EIEFICRE <, BEHIOKTT R, BEH4URFZ O
Hife & L TR D RE W 12mY/s/km® D Lt A8 L 27— b
ft& v a— FROPKMEZEA L,

Fig. 66 T TR A
Overall view of Senngosawa Dam

7.10.2 HERFORKR

B L F IMIBEOBREZARRD [RKEHZ L] THIRRL
72 Fig. 42 |27, RE AT, AHE THRET L72Z LOHRT
ROBEMIAET DX LA THDH, RY LT, EEEZAEL
TWRWI &b FiHiL, IR SO S & Rk
Wi B2 TEGHS 0 = AT IR R S E SNV 5, BllllE
T K GE EE A % Table 18 |OR4, A& ATIE, FiiHul
OB A CTOBINRSAE AN & R LT\W5, &
PREEI T AR 0 (230.8km) 23K & 7 dpe R BE1E 2381
& TV D, [RIFREE O R JLEREE T & 5 45 2 A (230.2km)
DOIKRNNFEEEM (Table 10) & Hf L CHMb TRE W, 17
TEESCIX =071 & b IS [AFRIE O s5e R 2381 <,
PETHOSRE ST 17 e OV A7 )28 B N7 A & [ RREE L4
B9 2 KA 2R AEN TOMENBAI STV D, e
MOMEEL S R RE L, & AfilHm, KOTETRS
MODIEDOKRE SONMEELTH D, X HIZ, LREFRON®
FEEIIARE TOMD X LD 5 b THBHYNS L, AJ
BENRRE L 2D LIRENMHEI NS 72D T 4 VH LT
DISEFEOREMA BN TS LB X BN D, AJIILE
FEAR Y DI SE AT bV (B EHIL 5%) % Fig. 67
IR, AHIERICK L CoE TR L7 X D7 Tl
H BRAE A R AR AT R VZHTV K & 22 I
BEETHY, 0.3 LD COMEEISEMARE W,
BL AL O N K 2 HEB O E AT hL A
el %72, FUHTERYE 0 HREHE O IE BTG 24 Z =
kv % Fig, 68 (Z/~7, AL T A o I LIS E A
A7 R VIZHE LT, 0.2 FPLLUT % A EIEI T b IE S
BEDPREL o> TND, MBLHLE OALEEISE AT |
JV% Fig. 69 |[ZEAATART, KHMRAS Tk, MRS Ttk
e D BREHAR D = MR T D, RE OB T,
L FERITIR & AR 0.6 FPLL T %8 E HaEk T N

HIEISBMENRE L 2o TR Y, SAE T TIX 0.06 15
OEMCEB LT —2 B 5, sHAEEIL i LT 4.7
ThY, EBE S5, THERLOEMMAZT 49 THY,
BIESH LD, FIBREO SRR I N Rkt L
THGERE LMD 1.3~2.5 TH Y, MEEISEES K& <
STWND I ENFHUBEDZL -T2 E2bND, Fift
BRI TSI R E < oo TWD A, Z OB
FCONBEFEIGE A7 R VI Fig. 68 (2% L C Fig. 67 O
O ICHEAMIEE COMMEEREERRE 2o TWnHT
O, RN KU D AR (1~2.5 o afitEs (&
5, 1996)) DIMEREISEMEARE < 72 BT FHUGEE 0.2 ©
DRI E EEst B BND,

Table 18 &1 FC&k D f5c N

Maximum acceleration of the observation record

The 2011 off the Pacific coast of Tohoku Earthquake
Stream Longitudinal Vertical
Crest ‘Maximum Acc.
EL 3650 m (emis?) -369.5 3715 311.8
H=43.0 m Maximum Acc. Ratio 1.47 2.55 3.02
Toe of Maximum Acc.
315.4 259.2 257.7
downstream-slope (em/s?)
EL.331.0 m Acc. Ratio 1.26 1.78 2.50
- Maxi Acc.
Down-stream Himum Ace 251.2 145.6 -103.2
abutment o (cm/sT)
FL.326.0 m Acc. Ratio 1.00 1.00 1.00

20113.11 The 2011 off the Padific ovast of Tohokn Earthquake
Senngosawa Dam-Down-stream abotment (k=5%)
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Acceleration response spectrum (Down-stream abutment)
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2011311 The 2011 off the Padific coast of Tohoku Earthquake
Senngosawa Dam-Toe of dowansiream-slope(A=5%)
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Acceleration response spectrum (Toe of downstream-slope)

2011311 The 2011 off the Padific coast of Tohokn Earthquake

Senngosawa Dam- Down-siream abutment & toe of slope (k=5%}
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Acceleration response spectrum (Down-stream abutment and toe of
downstream-slope)
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Input Seismic Motion of Dams for Irrigation
by Large-Scale Earthquakes for 10 Years of the Early 21st Century

MASUKAWA Susumu*, KURODA Seiichiro*, HAYASHIDA Yoichi* and TAGASHIRA Hidekazu*

Facilities and Geotechnical Engineering Research Division, Engineering Analysis*

Summary

From the seismic observation records, the authors analyzed the seismic behavior of the 16 large dams for irrigation
focused on maximum acceleration, maximum acceleration ratio (dynamic acceleration amplification characteristic at
dam body) and acceleration response spectrum (dynamic characteristic of the input earthquake motion to dam body)
in the six earthquakes among 13 large-scale earthquakes occurred near Japan for ten years of the early 21st century,
from January 2001 to March 2011. The earthquakes were (1) "The Geiyo Earthquake in 2001"(2001.3.24, Mw®6.8),
(2) "The Tokachi-oki Earthquake in 2003"(2003.9.26, Mw8.3), (3) "The Mid Niigata prefecture Earthquake in
2004"(2004.10.23, Mw8.6), (4) "The Iwate-Miyagi Nairiku Earthquake in 2008"(2008.6.14, Mw6.9), (5) 2008.7.24
the northern coast Iwate Prefecture earthquake (Mw6.9), and (6) "The 2011 off the Pacific coast of Tohoku
Earthquake"(2011.3.11, Mw9.1). The dams were Sako Dam, Bisei Dam, Makubetsu Dam, Kawanishi Dam,
Aratozawa Dam, Kurikoma Dam, Masuzawa Dam, Ooshida dam, Ganndou Dam, Sannnoukai Dam, Kuzumaru Dam,

Toyosawa Dam, Aikawa Dam, Ganndouzawa Dam, Futatsuishi Dam and Senngosawa Dam.

Key words : Large dam for irrigation, Large-scale earthquake, Seismic observation, Input seismic motion, Seismic

behavior
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Technical Data on Subjective Time Discount Rates Measured Through a

Web Survey in Japan

AIZAKI Hideo*

Laboratory of Project Evaluation, Rural Development and Planning Research Division*

Keywords: Discount rate, web survey, magnitude effect, delay effect

| Introduction

The present technical data are obtained from the results of a web survey on subjective time discount rates of
individuals in Japan. Respondents were asked to select their preferred option between two options: one offered a reward
X, T years later, while the other offered a reward Y, T + 1 years later. Various conditions were set for the rewards (X and
Y) and the delay (T) in giving the rewards. Our results suggest that the subjective time discount rates are inversely
related with reward amounts. However, we cannot find clear evidence about the relationship between rates and delay
conditions.

11 Survey design

A web survey was conducted in February 2013 by NTTCom Online Marketing Solutions Corporation. For the survey,
the 47 prefectures in Japan were divided into nine regions (Table 1). A total of 1,500 respondents were recruited from
the survey panel members registered with the company. Recruitment for the survey was based on the condition that the
sample characteristic ratios (i.e., gender ratio and age category (20s, 30s, 40s, and 50s) ratio) in each region correspond
with the population characteristic ratios in each region, which were estimated as of October 1, 2011 (Ministry of
Internal Affairs and Communications of Japan, 2012).

According to previous studies on subjective time discount rates (Morimoto, 2009; Ohtake and Tsutsui, 2012; Sasaki
et al., 2012), the rate was captured by a question to the respondents on selecting their preferred option between two
options: a reward X, T years later, or areward Y, T + 1 years later (Fig.1). Time interval, which is the difference in value
between T + 1 and T, is always 1 year. There were two versions of the survey: one set the reward X as JPY 10,000,
while the other set the award as JPY 1 million (USD 1 = JPY 98 as of October 2013). Each respondent was randomly
assigned either of the two versions of the survey. In both the survey versions, the respondents faced five questions,
distinguished from each other by the condition of delay (T): Current, 1 year, 5 years, 10 years, and 20 years. In each of
the five questions, nine values are set for Y, which is the reward offered on waiting for an additional year: X discounted
at 5%, the same as X, an additional 2% on X, an additional 4% on X, an additional 6% on X, an additional 10% on X, an
additional 20% on X, an additional 40% on X, and an additional of more than 40% on X. Thus, each of the five
questions consists of nine pairs of options.

The subjective time discount rate for respondent i is calculated as the annual rate corresponding to his/her answers
when he/she changed the response from “I will receive it T years later” to “I will receive it T + 1 years later.” For
example, a respondent is assumed to select “I will receive it in the current period” from row numbers 1 to 3, while “I
will receive it 1 year later” is selected from row numbers 4 to 9, in the question shown in Figure 1. The discount rate for
the respondent is calculated at 4%. Respondents who met any of the following conditions in any of the five questions
were excluded from the valid sample: (i) respondents who selected either “I receive it T years later” or “I will receive it
T + 1 years later” for all nine pairs of options; (ii) respondents who changed their response from “I will receive it T+ 1
years later” to “I receive it T years later” based on increase in reward Y; and (iii) respondents with a discount rate of
more than 40%.
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Please select your preferred option in each line. Note that the price level is assumed to be stable across the period.

Serial | Amount of money Amount of money Annual rate corresponding | | will receiveitin I will receive it 1
No. received in the received 1 year later to the difference in the the current period year later
current period amount of money
received between the two
options
1 10,000 9,500 -5% o o
2 10,000 10,000 0% o o
3 10,000 10,200 2% o o
4 10,000 10,400 4% o o
5 10,000 10,600 6% o o
6 10,000 11,000 10% o o
7 10,000 12,000 20% o o
8 10,000 14,000 40% o o
9 10,000 More than 14,000 More than 40% o o

Fig.1 A sample question (A case of “JPY 10,000 and “current”)

Table 1 Prefectures in each region

Region” Prefectures

Hokkaido Hokkaido

Tohoku Aomori, Iwate, Miyagi, Akita, Yamagata, Fukushima

Hokuriku Niigata, Toyama, Ishikawa, Fukui

Kanto (including Tosan™) Ibaraki, Tochigi, Gunma, Saitama, Chiba, Tokyo, Kanagawa, Yamanashi, Nagano
Tokai Gifu, Shizuoka, Aichi, Mie

Kinki Shiga, Kyoto, Osaka, Hyogo, Nara, Wakayama

Chugoku Tottori, Shimane, Okayama, Hiroshima, Yamaguchi

Shikoku Tokushima, Kagawa, Ehime, Kochi

Kyushu (including Okinawa) Fukuoka, Saga, Nagasaki, Kumamoto, Oita, Miyazaki, Kagoshima, Okinawa

Note: * Category of regions is almost same as the agricultural regions used in The 2010 World Census of Agriculture and Forestry in

Japan. " Tosan consists of Yamanashi and Nagano prefectures.

ANOVA was conducted to test for difference in mean value for the rate variable. R (R Core Team, 2013) was used for
the analysis.

111 Result

Of the total 1,500 respondents, there were 987 valid respondents: 436 in the case of JPY 10,000 and 551 in the case
of JPY 1 million; 513 respondents were rejected because they met conditions (i), (ii), or (iii) mentioned above.

Table 2 shows mean subjective time discount rates in the five questions (delays) based on the initial rewards (JPY
10,000 and JPY 1 million). In case of each delay, the rate for JPY 10,000 was significantly larger than that for JPY 1
million, suggesting the magnitude effect, that is, the inverse relationship between the discount rate and the amount of
reward. The difference in rate among the delay conditions was also significant. However, rate in the case of “current”
was significantly lower than those in the other four delay conditions (P < 0.05), while there was no difference in rate
among the four delay conditions. This result does not provide strong evidence about the detection of the delay effect,
which shows that the rate varies according to the delay conditions.

See appendix for cross tabulations according to gender category (Table Al), age category (Table A2), and region
category (Table A3), indicating trends that are similar to those indicated in Table 2.
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Table 2 Subjective discount rates

Delay” JPY 10,000 JPY 1 million Total
Mean S.D. Mean S.D. Mean S.D.

Current 8.9 10.1 6.1 7.5 7.4 8.9
1 year late 10.6 12.0 7.8 9.3 9.0 10.7
5 years late 10.5 12.4 8.0 9.8 9.1 111
10 years late 10.0 11.7 8.0 9.9 8.9 10.8
20 years late 11.4 134 8.5 10.7 9.8 121
Average 10.3 10.1 7.7 8.1 8.8 9.1

Note: “ Delay corresponds to “T years later” in the questions. Main effects are significant: P < 0.001 for the
difference between JPY 10,000 and JPY 1 million; P < 0.001 for the difference among delay categories. Interaction

effect between reward and delay is not significant.

IV Concluding remarks

The present survey suggested that the magnitude effect was detected in a web survey on subjective time discount
rates, while the delay effect was not. The reason for this outcome will be investigated in further analysis. The present
survey was financially supported by the Ministry of Agriculture, Forestry and Fisheries, Japan through a research
project entitled “Development of technologies for mitigation and adaptation to climate change in Agriculture, Forestry
and Fisheries.” | would like to thank the project members for their valuable comments on the survey design and the
study results.

Appendix

Table Al Subjective discount rates by gender category

(A) Male
Delay JPY 10,000 JPY 1 million Total

Mean S.D. Mean S.D. Mean S.D.
Current 11.2 114 7.1 8.0 8.9 9.8
1 year late 13.2 13.1 9.4 10.6 11.0 11.8
5 years late 13.2 13.9 9.4 10.7 11.0 12.3
10 years late 12.2 12.7 9.1 10.7 10.5 11.7
20 years late 135 14.3 9.6 115 11.3 12.9
Average 12.7 10.9 8.9 8.7 10.5 9.9
(B) Female
Delay JPY 10,000 JPY 1 million Total

Mean S.D. Mean S.D. Mean S.D.
Current 6.9 8.3 5.2 6.9 6.0 7.6
1 year late 8.4 10.6 6.2 7.5 7.2 9.1
5 years late 8.1 104 6.7 8.7 7.3 9.5
10 years late 8.0 10.3 6.9 9.0 7.4 9.6
20 years late 9.6 12.3 7.5 9.9 8.5 111

Average 8.2 8.8 6.5 7.4 7.3 8.1
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Table A2 Subjective discount rates by age category

AR LT 5 215 %5 (2014)

(A) 20's
Delay JPY 10,000 JPY 1 million Total

Mean S.D. Mean S.D. Mean S.D.
Current 7.8 9.6 5.3 6.7 6.4 8.2
1 year late 9.0 115 7.0 8.4 7.9 9.9
5 years late 8.9 113 7.6 9.8 8.2 10.5
10 years late 7.8 10.4 7.1 9.3 7.4 9.8
20 years late 8.4 116 7.4 10.6 7.8 11.0
Average 8.4 8.9 6.9 73 7.6 8.1
(B) 30's
Delay JPY 10,000 JPY 1 million Total

Mean S.D. Mean S.D. Mean S.D.
Current 7.8 9.5 6.1 7.9 6.9 8.7
1 year late 9.8 12.0 7.2 9.4 8.4 10.7
5 years late 9.7 125 7.6 9.7 8.6 111
10 years late 9.0 118 7.6 9.8 8.2 10.7
20 years late 10.3 133 7.8 9.8 9.0 115
Average 9.3 10.0 73 8.4 8.2 9.2
(C) 40's
Delay JPY 10,000 JPY 1 million Total

Mean S.D. Mean S.D. Mean S.D.
Current 10.5 115 5.9 7.5 7.9 9.6
1 year late 12.0 12.7 7.2 8.5 9.2 10.7
5 years late 12.7 14.0 7.4 9.3 9.7 118
10 years late 11.8 125 8.0 10.3 9.7 11.4
20 years late 121 12.9 8.9 111 10.2 12.0
Average 118 114 75 8.2 9.3 9.9
(D) 50's
Delay JPY 10,000 JPY 1 million Total

Mean S.D. Mean S.D. Mean S.D.
Current 10.0 9.7 7.2 1.7 8.3 8.7
1 year late 12.0 11.8 9.9 10.5 10.7 111
5 years late 10.8 11.0 9.6 10.6 10.1 10.8
10 years late 11.7 11.2 9.5 104 104 10.8
20 years late 16.1 15.0 10.2 11.6 12.7 134
Average 121 9.4 9.3 8.4 10.5 8.9
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Table A3 Subjective discount rates by regional category

(A) Hokkaido

Delay JPY 10,000 JPY 1 million Total
Mean S.D. Mean S.D. Mean S.D.

Current 8.7 9.7 7.6 8.9 8.1 9.2
1 year late 11.4 13.7 8.4 8.7 9.8 11.2
5 years late 9.9 11.7 11.6 10.8 10.8 111
10 years late 8.8 11.6 10.0 9.1 9.5 10.2
20 years late 10.0 121 10.5 8.8 10.3 10.3
Average 9.8 9.2 9.6 8.0 9.7 8.4
(B) Tohoku
Delay JPY 10,000 JPY 1 million Total

Mean S.D. Mean S.D. Mean S.D.
Current 5.8 45 7.2 7.7 6.6 6.4
1 year late 10.1 11.6 10.8 10.8 10.5 111
5 years late 11.6 131 10.8 12.8 111 12.8
10 years late 11.7 12.3 11.2 12.8 114 125
20 years late 13.0 141 10.5 12.9 11.6 134
Average 104 9.7 10.1 10.3 10.3 9.9

(C) Hokuriku

Delay JPY 10,000 JPY 1 million Total
Mean S.D. Mean S.D. Mean S.D.

Current 12.2 15.6 5.7 9.0 8.7 12.6
1 year late 11.2 141 6.2 8.7 8.5 11.6
5 years late 10.6 14.4 7.4 9.3 8.8 11.8
10 years late 7.3 10.2 9.1 13.0 8.3 11.7
20 years late 10.3 12.4 9.9 134 10.1 12.8
Average 10.3 11.2 7.7 9.6 8.9 10.3
(D) Kanto
Delay JPY 10,000 JPY 1 million Total

Mean S.D. Mean S.D. Mean S.D.
Current 9.5 9.9 6.0 7.3 7.5 8.7
1 year late 11.6 125 7.4 8.9 9.3 10.8
5 years late 10.8 125 75 8.7 9.0 10.6
10 years late 10.6 121 7.4 9.3 8.8 10.7
20 years late 12.0 13.6 8.2 9.8 9.8 11.8

Average 10.9 10.6 7.3 7.8 8.9 9.3
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(E) Tokai
Delay JPY 10,000 JPY 1 million Total

Mean S.D. Mean S.D. Mean S.D.
Current 6.2 6.6 7.7 9.5 7.0 8.4
1 year late 7.3 7.7 9.6 116 8.6 10.2
5 years late 8.0 10.7 10.0 12.7 9.2 119
10 years late 7.1 8.8 9.0 11.0 8.2 10.1
20 years late 8.6 11.7 9.6 121 9.2 11.9
Average 7.4 7.2 9.2 9.6 8.4 8.7
(F) Kinki
Delay JPY 10,000 JPY 1 million Total

Mean S.D. Mean S.D. Mean S.D.
Current 8.7 104 5.0 4.7 6.8 8.1
1 year late 9.8 11.2 6.1 6.6 7.9 9.3
5 years late 10.5 12.2 5.9 7.4 8.1 10.3
10 years late 9.8 11.9 6.5 7.5 8.1 10.0
20 years late 111 13.8 7.0 9.2 9.0 11.8
Average 10.0 9.7 6.1 5.6 8.0 8.1
(G) Chugoku
Delay JPY 10,000 JPY 1 million Total

Mean S.D. Mean S.D. Mean S.D.

Current 8.3 8.6 6.5 9.0 7.2 8.8
1 year late 8.2 9.0 8.5 10.8 8.4 10.0
5 years late 9.8 12.4 8.8 111 9.2 11.6
10 years late 8.9 9.6 10.7 12.6 9.9 114
20 years late 9.5 11.3 9.1 12.6 9.3 11.9
Average 8.9 8.4 8.7 9.3 8.8 8.9
(H) Shikoku
Delay JPY 10,000 JPY 1 million Total

Mean S.D. Mean S.D. Mean S.D.
Current 143 17.9 5.3 3.8 7.9 10.5
1 year late 10.0 13.8 8.7 8.0 9.1 9.7
5 years late 10.3 13.6 6.6 6.0 7.7 8.7
10 years late 16.6 17.3 6.1 6.1 9.2 11.3
20 years late 16.6 17.3 7.2 9.2 9.9 125
Average 135 15.0 6.8 5.7 8.8 9.5
(1) Kyushu
Delay JPY 10,000 JPY 1 million Total

Mean S.D. Mean S.D. Mean S.D.
Current 10.2 12.3 55 7.2 7.7 10.1
1 year late 13.1 145 6.8 9.3 9.7 12.3
5 years late 11.6 13.6 7.3 10.2 9.2 12.0
10 years late 10.9 12.6 6.7 9.3 8.6 111
20 years late 134 14.9 8.3 11.7 10.7 134
Average 11.9 11.7 6.9 8.1 9.2 10.2
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