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タイプライターテキスト
本報告は公益社団法人砂防学会の了解を得て掲載しています。
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~2.8 PAYAEBICHHBEBBHLAUEOMRT

—2.6 [FH -2.5 LEHRDITETTXIAOBHTOERHEZ LLEUZEDOTHD. RAKNELEA 3 B
FMEZ250EOREMOARITFEN 24 7 A 3H 01:00 ML 24 F 7 A 7 H 05:00 T, &A 6 BF
B2 BX 12 BEMNE. &KX 24 FRRNE2S0—E0RMORARIEER 24 ££7 B 13 B 07:00 Hh5FE
Pk 24 £ 7 B 14 B 15:00 FTTHOZ. RAKRIMELREK 3 HENSES0—E0MEMRZMR. tho—ED
BFREVONDOIFHIREDE - 728U T, AL 29 F 7 BANIESRE TO—EDEMISRARRMTEE:
&A 3 KERE2SC E0REMOES L0/ TOMDIFELDEARZEVE /T, iR o,

—2.7 B7AIAOPRCEVTEAILISHINE26L(C, BRIME, 3 WS, 6 BRIWE. 12 BRIW
£. 24 BEMEOHEE — B EIEANE X RAHATRE -0 KRt 1-F U7 — AV TETE LR EE.
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TRk 29 F 7 ANINILEPRRMHCERRAILEZROVEEOTHS. BBEOSTER Q. Blitko 5 >OBEINSTO
SLSC DEAET 0.04 i Tholk Gumbel EFEAUR. Fak 29 £ 7 BANILESRR CORBMEDRK
fi€ 106.0mm (Frk 29 £ 7 A 5 H 15:00 H'5 16:00) (3 400 FiBBHEEFETHS 93.7mm. 3 BERIW
EDRAE 220.0mm (FEE29F 78 5H 13:00 55 16:00) (3400 FBBEERMETHD 137.0mm.
6 BFEIM=EORAME 353.0mm (K 294 7 A 5 H 12:00 iS5 18:00) (% 400 FEiBBHERBETHS
189.6mm. 12 ESRIEORAM 511.5mm (Ea% 294 7 B 5 B 09:00 H'5 21:00) (3 400 Fi2iBkE
LR THS 245.1mm, 24 BSRIRE 543.5mm (R 294 7 B 5 8 10:00 MSE 294 7 A 6 H
10:00) (& 400 FRBEEERFIETHD 361.0mm ZENTNEBITHD, Frk 29 F 7 BMNILSIEmo—E
OFEMIFIERCENTHITEND DO,

—~2.8 [3H - 2.7 LEMROFETPAIAOBBICHWTETEUREE, Tk 29 & 7 BN S RTRECER
AIUEZHELREOTHD, BEOSTEREL, B0 5 DORMRETO SLSC OEHF2T 0.04 £BThok
Gumbel EFRALR, L 29 F 7 BANILERM CORFRIRE0RAME 74.5mm (FEK294€785H
18:00 M5 19:00) (& 100 FiBBEEMIRTHS 75.5mm. 3 BEMBORAME 180.5mm (Fak 29 £
7 A 58 17:00 "5 20:00) (3 400 EBBHEERRTHS 183, 5mm. 6 BHREIMNEDESAME 299.0mm

(FR% 294 7 H5H 15:00 5 21:00) (& 400 FBBESFBIETHS 204.4mm. 12 BHTEOSAE
329.5mm (E 294 7 A 5 B 13:00 MR 29 4 7 A 6 H 01:00) (3 400 FBBEREIETHD
277.0mm, 24 BRFE 369.5mm (L2947 B 58 11:00 MSF 294 7 B 6 B 11:00) (2400
FRIBHERIMETHD 354.4mm ZENTNRBITHD. Tk 29 &£ 7 BAMIEERMO—EOMEMTIERCE
NTHBTED DN,

PRFS SMEKPOIERERRH RRIAVS, EREORLVERHEICEREEASRLEULOIIIER
E-0BE#O 16 BLFLETFEIN, . BETO/NFIXROEBHISOREEIL, BRE—IF82: 6 B 10
LREHETER NI, 9005, RIBFIEEHIT. 518 ISTR 0T || OFISEEEE ZNEEME —IRZE ke 2
EXRERZTNILL, FERE - IIFICKEIDORBERIENSREL, TOFFHAKE ~IOFKCERBERASMEREN
EEOEHBND, Fio. BET/NFRETE, SEZENSORREIFMRE - INEE, k- 2EBE 4130 TH
EUREDEHEND (REAFEELRT) . 3OS, NEFXOFEETIDS) (TR ENESE, TI0T
JIREBAC—-I2BE, TORERE DRI REOEHEINS,

Fz, SEIOKBIFETHIREOTRE. ANMHETEHN 21 5 m® (10 17 B t) SEEL. co35LUME
ROFAFRERIM 135 M’ (19 63%) . EMMEEOTARERIEADN 28 %, FBMEEOTRA
(F2HEDF) 6% CHEELTED. KEPD SRR TREEEINECENESHTHS (EL30@ENIMNMS
BiEER—LR—3) .

R WEERBFEEITAANA 41 2 O5EHE 38 2. ADE 32) RIE2 2 9, ARENSE. i 7
0 OBEARSERWENRELL (8 A1 0HIRTE) M ABDERAZHIER CGHAR) (CdoTHEUREV
Z3. BUT, IRIETH, FERBITATRPENRRENRNEVSRISHUE (R,

3. MBTHOLRKE

3.1 AERMPROREE
EERIHATNRAIDEE 10km, L 10km OSEETLIEENREUL, Z055, FIEENAZ(T
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IR TOWENELVEREEINTVBITHRBIIIIOERIZ8)1E, TIBRICSHT 2MENENENERB
RINTREsaIIMEEN 2 RE N RELE (B-3.1) .

2RI
weS8D

‘‘‘‘‘‘‘

~3.1 WHEEFOMER

3.2 Fw&ANBEZIA)

ZBENNDFRENCERT MR RRF/NERORTE) M5, 2BNOLRK 3km 0ZFEMEX (RLEHD
£%) FTORBERABLL COXBOBSOEMAZE, MFOSBENEETOMOIE 80m~120m OBKRME
#h CKEZFORMCHIA) 15oTHh, SEOLVRRBICAVTHEEDEMEEHI— BRSO Y/
AN S EERIEAIED (Ca D'Cﬁj\?ﬁg?oo FABEXRBAICE, TRMSIECERE (&REnsH 1km E7) , it

(BRSNEH 2km ER) , 28 (&fan5H 3km Eii) 0 3 thX0EZNFET 3.

3.2.1 FBERDIRR

EfENS_ LR 3km OREIRIKRCHID, BERMEMSIAEOTWHTECLOTHBCEONTVS, HEE
HOMEE, SRaNSES EREPHthX EROMAETTEIE40m AL, B EROZAHEX TENE60m~80m,
TNLSIOARERSITIENE 80m~120m Thd. THEREEE, HESOmEIRHITOEESOEEDANS 1m
~2m IEELHRINDN, HESPRHRECHEEBNNZTETEZNLNEEWNETEINS (BE -
31 s
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HERRE DRI BcZRBILIAERE, SRRT2E, AEC 2.5 F, FHNTS5 E, 2HT 6 EThd. #
BIe, #MADovtte, fEEESLURE (RERE, BERASE) oA (B0.5m~1.5miZE) H
5133, LRIATUONTREQEIGNZRD, MDEEEOEBINEFEDREOEIENZEOTI, BLT,
#itg 32 atXE ERAFOASDHEFEMOB T TR, Fa0albiUASEROMTE0TWN ST
2d&3(C8 3.

MAICONTIE, KRVWEDNEAREMTEBLUIZER (log jam) MNAKRAICZHEFEL TV, IREFRZ
MR 3 A0, WEERCHEITIMIBTOERORARSZIDRILLLSS, BEEEG 40cm~55cm, Ra&(F
7.5m~17.7m OEETHD, FRADYAZEKEW,

3.2.2 WiERMECORIROIRNR

MFOEEE(, RESINMECT 50m LI EDERMAZRRIEDERDEROTNT, ECTASAREFHEN
SHFELELTVD, FIEZEEE 1m~2m HE0, BNIFEEFEREMENELDE (FE 3m~4m) BEINTL
2EDEHD. LKONDFRIRMMDIRMETRICLSE, ARIEES 30m~60m, RS 60m~85m OFUEERFS,
FHIRIDODIEFHS 33 E~40 EOFEENS JEEBEICETEMEPYYLNL(EL T, BHULEEESE, £
TOBEINFEENBEZZ B URIEMEAT WS, FRIROFRAEULNEOMBEAEE, AFATHEE/FATH (&
BICHEE 20m~25m 12E) OEFN, LESMGRHENL.

e ,
B e
e P ]

TS TRER FURSE)

3.2.3 ZEMEOE LFEFOXERAHEE

ZAESEEQIEARIOFET, ARRIH 360m, HHIERESH 120m OXEQEHEENFELELTLS (BE-
3.2) . BRERIEIMEZOEWNS 3 DICXDEN, LERFSAZRUPPSMER, PEHIERINFEALR(EST
18(E 80m EE, TEIITPRMERTIREIPEELVEL V., FEIERAOIER (TinfhansSIEEFTORELA)
(349 20 EEsHRlENTZ,
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FRRRIE LU TEINB %22 IR EN5HD. AEELT IR 10cm~% 10cm OREME, KEZ<{EA
ERMETNSOTNT, KEOFIETARERNS FERCNMNI TELE - HEBL T3 . AEERBOELEFFEUR
THTIEHSNTOSH HEEEFK 20m) , BEFIEHICLZ EROBEKERS, BTTEER RSO+
WAFIB(CHEEL TS,

NEPIECEL - HELTVWS LG, SEBEBKICIOTHET RGO MEBIESNEEINIBS(CE,
BB I30EEMNE XN,

BE, EREOl TREEERKIEETYTCLDE, EEFOILFEIFOREH T RODIIL S E L Xigh(C
EESNTVS, TONTRREE LRORIMABERZIBSLEDEZE, SEIOREIZDIETHEEESH D2,
EB(CECLD L OREESALAEREHE CRA TVDEMEINS,

BRIEINDIRIBICH VT, M EROESMESNT. BNICEDE, SEBEREXIFIILD 1km TRoSst
HWXICET, 2 EfkfeK (BFKESH feMNERmER) Hph, 1EEE S5 3 16 23, 2EEIE} S5 H 20 B
Z3T, 2 CIEHEHEENEIZIEVSTETHD. SIEATHCOIRECBGRIIRRTHINEINE, TN
We B8, 7XIZERD)\AINFIICL3E, 1 BBEOEZEERE - 0RMSECAEL, 2 BB’ E—
EORFRROIRNNCADRFZIE,

B5H-3.2 ZAlll- 2atbXE ERAFOXS AR

3.2.4 TORIDOLILEEIR

ZEEE PR NACEFENMSRATIRENSE, SEOTARB LRI ZEHSNS, COFiEoith
HIEFEETH, RHLBETEREOAHENY L TH,

TOFMCE, AEMXEPRROMOERTRBE, Z<0TREREUEBNNZSTHRANONGS.
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3.3 BRI

W RINEECREFENSRERIKTHD. MAZAKRIIHEUZA) 1B —I5ELRNSH) 800m LUK
X FTOXEIZAELE.

FE—RERE, BA53 4 3 BT, & 7.0m, 1BE 74.8m O RS BEUEIRTHD, EBIENS L
MAERSH 100m, 18 50m~70m OFEEIC, FEABREORANEL LA3LSCHELTLE (BE-3.3) .
TEB B IHIBENKEDRAZIE UL LIRS NBINESHEBON S, WIHEENIRIITIRER, A0
#HO—EINETRISETULTWECLE, AFEAIORNEHILUADBANE DD THREICEVLTEELTVEZED 2
RCHD. A (ERADHEPNADEZEOTRANBKEEE — B (CHIZEL TRE LITHECRTES(CLD, bk
SAEMEONMERLLAIREMEN, BEFAFEMHEEKNERL, FETKCLOTUBHRELTRAEEENZE]
REMENENENEZBNS,

; By | ' )
* . Pk ‘ s 4 \
: ‘ : ¥ i ~ g v\'. : W\
W __‘-_.‘ - o 2
> ' N L L i

%E 3. 3 HE‘EJII /EJII%; 'J‘BﬁilEixE(dbL)‘Z)uuikiﬁﬁbbﬂ

TAMERBEPD_ LIRS, RKEOLTH ERICEMN>THBISHEEL TV, ) I5E—IHERNS 400m
LRI, WRITRELHIERE (RINIFAROERC(ICEIC &z, 18F048 4 3 Ai#lh, L47m, H10m, 18
[@R) A%, ZOKBUXRIHOESF THBEMERL TS, S5(C, HEEEZ0W R)IEENS 400m Hii
DRI (BRI (CLDEETHD) FTHOTWVS. CNS—EOHIEEROAELE, 1.5 ELstilans.
HERE T R(34E S5cm~30cm EEOHR EDGRIEEI ~2 )L bOMKIR NS0, ZE)IDO&SHRIEmE R &
AN RZOTVS.

LLIERHBIX(C(E, Google Earth (CLBLEERICKRE 1 BRSNS, RMTEEMIRHSNT,

—HEECIERU TV, &, TTTEISV)-NEDEODBRULEIANHEREL TS0, Tnid# 350m L
it CEISNNEAR AR I BEFTICZRIBN TR B DS BEMEEEN, CETRINTEREDEBNONS,

A B —RIEENSILIRIX ETO 800m ORFEXBICHNTIE, MELCTFEIZIEMAE (0 88%) 0
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(FEAEETHS, TRERADMERINCHREBELTVS. CNSOBHMAZTIE, REMETHRIENRLEL, 225t
BRI TR ERANRNETO .

5, ZR)IISE—HFLERD 600m TRICEERAIOMOIRBANDD, FADBEBICOVTIN, IRIADKIF
BSPAFTHKUMEVRNT GEMHOFES) NROSNEN, RinsS(CERIISNIERKITOBUKIRCE, 7
AN ZGEBUDRRERES RN oz, B, EFACHOE ROy, IBAE FROMKC, HADERD
FETDN, INSEAAENSRATIZRISREUEDTHS.

3.4 RBEsall

RESBIEERINNEBCKAENSRZMRTHD ATEBEIENS 500m LRCAIBET 3B i
U)Hi_, RUKZEHEENS 400m FRICAIET 0 stz AELUE,

ROz, 18 20m FERAEFRETIHETRIBELTHED, 2L TRIEEENEESNTASHREN
TNIARRERU TS IRAARL B CHRAR (720 TWBAIS DB RE(C (KD TR LRI SR TENS, Teshith(d
TIKAIZEBRTZCEN DN B, IBATKIEUZER KECTHIUINTTIRAENRIE, HI0THRERCLZR
RIRE) FABBTHDN, MHIRRFCIETEBUTWIKERAP—RICTRAR FURLBONS, £, AFECEIE
FFRDEE T ENCERRE (JZA TR/ NERStih G ol s, BT OEIRISRIEL TethNERE T3 TH
D, GFEOBRIENSOKETES FRATRELTUE,

Jeitins 700m ERMNHAICAKEORAMEREL THD, FI, t&)ﬁtﬂﬁ‘BCC&T@EFET@(Jﬁj—f[[%bb\ijﬁ
FHEMELTVS (BE-3.4) . B8, ARMETIEL RIIEEHET, & 50cm KRB0 S0 R~
IWEDMRI TR THD, —7, FROESHIERELTORW, IRAEOLERRHCERITANT 7J<Di®_tmhl|:”r_{ét
ZLDRAMELE - HERELTHD, HKIEEBL TTRAR FURRAEDZEERLTVA,
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3.5 dbll

ENBTEFENEHI DRIETHD. PREDOEEAMX FROSRAMMAZABLUE. &RACEVTEE
HEXHSR T I2RREEBARMEXNSTR T IR ELLAZE, BEOHNEBEDBILL, LOZLDFRENE
NEZBIABNIZ, FIRLIIEE 10cm~# 10cm DTEEEHES LUME S5cm~20cm DO BEE, ThSOIPE
IHhB51RB3,

EEAMX(E, Google Earth (CLAELERIICEZHDOETHSHD, FEOREHENZRIEONEIE 5m I2E
THoleht, COMKETIHIE 30m~40m DBESERTEERIRATED, MEOESEDEELELTZOE
ENRELTVS (BE-3.5) .

4. BATBMNFPEROLHKEE

4.1 TPEEORR

A BHBAT/NEFMEF (RE20) o/NEF)IARFCHVT, 78 6 B 10 BtE, AFRIELEHENIRELE (B
B-4.1) J/NEFHMXOKEEHNSAEICK 1km (CAIETIADED LS ILERBIFFORET —9(L3E, 785
HEENSTAREDIASD, 19 BFCRARERIME 83mm Z50i%, 5 HOMIAHNS 6 B 10 BETORRE(E
583mm ([GELE (K-4.1) .

INEFHBIX(E, 5 H 15 85 50 7OBEEENS, 18 BF 45 D(OHEHSRAIRDENE, /NEFHIX E D0 Lihto
R TE, 5 BROEMFCAAELTARIZRU TV, KRIEQFREFERE—705 12 BRI 6
UTIERRAVINSARER(CR O THBRE UL, CORBIRICED, SEIBEIEN 1 ATKAD, R 2APE8ELE. 280
FRIZE A BUHVNER) | |(CHEREL TEKNEURES(C, BT OSFMBRICLZTRRENOEEN, T
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BEENENEDINCN, TOBNMBEVECHIBENT 7 B 12 B 10 Bt ehs 3 fRirEn .,

4.2 TBERKORERE

NP —(E, SR AT SEEH CNI TEBILRNILCEIET 3HE (ZIENILEEE) KD
LTWS (20 50 1 BAS—ALVAMER V2, 2017) . COMIEE, MENBRATHD, BUREOEIRER
MERI+IATONTVSHRMN S\, SEIOAFURREHENREULNEEFEACHEEOZAEN T TH-
o

H 7 7RISRt
20177 ASE (B) R E

5E-4.1 AHREETNFHXOKELSSE (FSTHAIK2017 €7 B 9 HigS)
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K5t

5H-4.2 /NEFXEZADEEEAUN 7 B 6 BRRACRRULIRE
BRI T EPOSNE (K-4.2 0 afdif) , AREMCENMH>TAA (B b)
BIEA (F c) OFB/MSIRANRELTVS

. w
G,%ogle Earth

Wo0165128250 85 .o

Y

5B -4.3 /NFhXOFERFELEROIRR

ARURIGEAIRIE, HIADMAZZ2UERIETREL, FE 300~370m [LECRIEL TV EMEEYING
BEUEDTHS (K-4.2) .H-4.3(F, K-4.2 A0 A-ABKROMERICEHRIERRERULEDTH
2. BRIRMIOMRIR(L, AEESH) 370m, &AMEK 300m THd.

HESNTEARDBRBEIENIRZRG (7 A 6 HRE) (CL5L, KRRERAENFELELR 6 B 10 BFEDLIF]
(c, IR TEORME (FE-4.20afhi) , FHRMNCEMTER (B b) 8LUERA (B c) OFR
NSOIREMERETE (BRE-4.2) , IN5I3 5 BROBMFICRELZDOLHERZNS. B8, a (HAD
SRIEICE A ERINSERINPFESRSN SN, SEIOARERIRORIENOVTERATHS (FE-4.3)
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5H-4.4 /NP XOBRIRIEORNR

B5E-4.5 FHEthAIATFURRELERF

5E-4.4 (3, BRNAOKRRNTSH), BEECRRLEOSHRNERTSE, EHEENOTUORILER
FAEL TRBZEL TS, SEIOAFRNEHHERIE R I LIS OHEIRFREM TKEBO>TRTL, REELRE
FEESEHERRYIN I LB DR LEIZHI DB ASIEEL TN [CHERBU I IETESN D . BIBFAEER, EHHHEEY
EZILEDHEIRFNSZ 20 FACREMETREN TWS, BB U IR O—EREZO LABNH>TUEAFEES
(CRRIRMBARICEEFOTLVS (BE -4.5) .

—73, BRIRHE E750IRE 370~500m OREICHEHHEBINNZFLTND (BE-4.6) . COHEREYID
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MREICESEIOARMICEDBREIECTSD, Ff, BEEOLIEICERENIERENE (BE-4.7) .

IRMABES LUZEREEHFNSIES 300~370m XMOERTRE2E 5L, K24 200m, 1EH
150m, BRIEE 10~15m LT 30~45 75 m> TH3. /B | [CHEFELI TRV R AR ICHIE T 3L, Ba
400m, TE#Y 150m, FAIHREER 4m ELTHI 25 5 m’ TH3.

TR AN
E-4.7 EEEO LEEICAELBE

4.3 MNEFHETOSEONTIE
BRE, BRAGELT, RDBLCIDMHEST, MERETEICLINEEROBR, HXSCLIRE R MO
EHMTONTVS, 5%, R-UJRESF(CLMmEMSLUZOREREOMEBEDMRNE, MFKASE
NEMESNSFETHD. Ffe, NEIIHEABL TR OHEL, A1)l I2dE, EiREIRELEDSNS,
SEIOABNRRAHRG, MIADMEZZEURE TREL, BEOHIADGHIV\IAHETECEHIEREY
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DEBETHD, FHRINO L7RIECIEMERMIECRFLTSD, RBABEPMEL - SABSC L3S
MORTERRE, K- VECLIHEBPOBERABL, BRMOGRILETHHTISHENHS.

BARRERELTE, AFERERIEMREVMNECZO LANECOWT, WIADMEREEIRC, hikk
BEUHTKDBHR, ARELIOEESSVIHHRENSETHS.

5. SEOKLEADIRE

COEDORMICLDLIHELCE, KE 2 2051 THRENT. DD, FEIL BRI 6. RS
EEMBEEHRAIORERA 10km, Eit 10km OFFE TREUVERBIIEEHCLZTER (TR Lok
BRAEUERNC LD K ETHD. HEIVEDE. AP ERET/NFHEF (BED) O/MEIARICBUTREL
EARFAERIRIRIC LB ETH D INBIERESII TP ORAOEETOTIRERD, FEEITARBEEL
RIEN 38 B, BEN 1 & (KDBEDAT 34) LHBNTH. LWIns, BRERECL TR EChk
BPRFNBEPRMEBEUEREEY A S5, NSRBI SO OMENESL TWRTECHNDER
Ve Fo. BT THBZENS, RIHRELEDICEESNEAZOHRAN T RIBICBVWTASOWELEAUES
LEHHBL TS,

SEOTWEBEICOVTHE, ROLIBTEMBESINS,

(1) EREPHEMRAIOREBHEREIVINEREBHEROT. SERBUZRIELINCOREBCRZ
DEASREBBORT > SIS CNBRORW THIET3 RN B3, Lnba)um;"ﬁﬁi%%
TRE" HFEHICRBREEZREING, BRAILANTRAREL. SEEEBROKEN KBV RLETEH]
BEIESMEDTEW £, BNRCELZN. TARRHSTIERIGHIE. AL RIS 36 BRI EEON
TEEIEZ (AN BEEHB.

CNICHTIMEREL T, FIRRUCL—T—TO071 SICLDMMERATE L, ThICETWTREL
NREREOZAEIME T EIENE—TH 3. ASRERIHSNHIESICR, WRTSE2I38CE
FIEAE T EMOE 2RI ER B REITICENBELB DN S, DUT, FRARHITIEK
RICEDNFEREPEB TN ORSREERIEHIC. [SENAR FEHEOBEREHEER3S, Ei
(C, YR TOMERIERICLIRARTENRESE(CLUT. BIFORBIEROGEMDS LI ORAR
ey MOEGERELINRN DI NMELNRU,

(2) /NEFE Qi g ADMOBHIRI R AY MAORRERE T RICOVTE, ROBMRICIZ2ONEPIET
FLELTWSIE B TIROBEE). QRIEMEEE LEBOMEOEIED 2 DHEZSND. ARER
[OVTE RESYF TREEEMEUISNTVBOT, YEE T RESAOEEILARREESTHD, I
E. ©. QFRETNIBURAIANERESNZTIEEEN D3, Fiz. ERBOBREIO ERAIC 2 Mt
GORFEEFRNARBNIOT, BIRELCNSOEREOBOREANSZIFNEL I TWR T EEIEEH S,

INISHFBMREL T, RMEFEICBELELTOI I ROEESE (FREIBRE) PRETHBSL. 5B
RIS FEREOBEISEETR, 7oh—EEENRINZEBNHND. LERIEOBEIZEEHAICOL
TS FERIATLZEEWL . ERHHEHCESOBECORIBIENNBTHD, ik, FEEB0mHE i
RIOREDZLHEICOVTIE, IRMMEE(CLIPETIRDMBEITIEEEC, INBICEBHEHAIEES
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EUEAIS 2B B33,
FL. BY TRMRAEFTTOM LRSI, BALE IR INETHS.

(3) zoft. 2WKEFFLBORBETHIN, SKE TR, FAMEERIEAITIERCRITHY
DLLBABNTHD . SBROEIR(CH TS, AT RE TR0 ETBORTLDEECUE S, IR
TESHDH1 TORAIS SRR IR BEZATE S BELB(C. FDRNROBBIRMMORRICE LWL TDFRA
RN E BT - SR B I DN EN DD . EARNICEI BB R AR KB USRI INU TGREB I 351
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INTRODUCTION

The M7.8 Kaikoura Earthquake on November 14, 2016 triggered more than 200 landslide dams
in the mountainous area of Northern Canterbury. Four of them, the landslide dams on the Hapuku,
Linton, Towy, and Leader River, had the greatest potential risk downstream if the dams were to
breach. Institute of Geological and Nuclear Science (GNS Science), Environment Canterbury
(ECan), New Zealand Transport Agency (NZTA), and the Kaikoura District Council installed
monitoring sensors and cameras at each river, and instituted an early warning system to prevent a
flood disaster if a landslide dam broke. Understanding the natural process of sediment transport,
including landslide dam formation and outburst floods, can be very important for preparing an
evacuation system and countermeasures. We plan to compare the differences and similarities
between the landslide dams caused by the Kaikoura Earthquake and the ones in Japan. As a
preliminary study, a team from the Japan Society of Erosion Control Engineering conducted field
investigations in Northern Canterbury from 7 to 12 April 2017 with support from GNS Science,
ECan, and the Kaikoura District Council. Here, we present an outline of the disaster caused by the
magnitude 7.8 Kaikoura Earthquake, describe several landslide dams in detail, and compare the
natural conditions leading to the formation of or overtopping/breach of landslide dams in Kaikoura.

1. Hapuku (42°14.636'S, 173°40.192'E)

The landslide dam on the Hapuku River (Fig. 1) was
the highest (about 150 m high) of the dams triggered by
the M7.8 Kaikoura earthquake and covered an estimated
656,430 m?, with 12,000,000 m*® of collapsed rock (Rosser,
2017). The landslide was a rock avalanche. The bedrock
geology of the watershed is dominated by greywacke (a
variety of sandstone). Numerous shallow landslides also
occurred along the Hapuku River. The main dam crest,
which was monitored by a live camera installed by
Kaikoura District Council, overtopped on 6 April 2017,
after which the water level of the lake behind the dam
decreased rapidly, although it did not empty. Rapid
increases in flow depth due to the overtopping were observed about 11 km downstream from the
dam, at State Highway 1, on a water level recorder installed and operated by NZTA.

N

Fig. 1 Landslide dam on the Hapu‘ku River
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2. Linton (42°20.866'S, 173°27.933'E)

The landslide avalanches caused a landslide dam in the upstream reaches of the Linton River.
GNS Science estimated the source area at 95,000 m? and the source volume at 851,027 m?. The
source was composed of greywacke (Rosser, 2017). Overtopping had already occurred before our
visit on 11 April 2017. A significant decrease in the water level of the lake from April 1to 7
suggested an outbreak due to overtopping (Environment Canterbury, 2017). On 11 April, we
observed an eroded channel on the dam cause by the overtopping.

3. Towy (42°26.727'S, 173°13.216'E)

A large landslide caused a landslide dam on the Towy River, a tributary of the Conway River.
The landslide had an estimated area of 62,000 m? and 508,827 m® of collapsed rock. The bedrock
geology of the watershed is dominated by greywacke (Rosser, 2017). According to Environment
Canterbury (2017), the reservoir water level increased rapidly from 16 to 18 November; the highest
risk of overtopping was on 18 November. Water seepage was found on the downstream slope of the
dam on 21 November. Partial erosion and collapse of the dam body due to water seepage and
headward erosionwas confirmed on 23 November. The dam was eroded by overtopping flow from
28 November to 5 December. We observed water in the Towy dam lake on 11 April. However, the
risk of flood caused by a dam breach was considered to be low because the dam height was already
low.

4. Leader (42°35.215'S, 173°13.070'E)

The Leader dam was caused by a large landslide that occurred at the left bank of the Leader
River, located near Waiau, the suspected epicenter of the Kaikoura Earthquake. According to GNS
Science, there was 2—-3 million m® of collapsed soil, a landslide area of 190,000 m?, 1,000 m runout
of the collapsed soil, a dam lake of 0.1 km?, and a 20-m-high dam at the site (Rosser, 2017).
Overflowing occurred on Feb. 13-14; the total estimated water discharge was 400,000 m°, at a rate
of 15 m*/s, and the water level decreased by 4 m (Archibald & Della-Pasqua in prep). In the field
survey, we estimated that the water depth overflow was around 50 cm. The overflow water flowed
in a cascade from the existing terrace, and not over the collapsed soil, because the collapsed soil
deposited on the original river bed diverted its course towards the right bank. The erosion at the
overflow point likely did not occur quickly because the water was flowing over hard bed rock.

CONCLUSION

The M7.8 Kaikoura Earthquake caused many large landslide dams with risks for breach and
the landslide dam on the Hapuku River was actually eroded by overtopping flow. In future studies,
we plan to collect additional information on landslide dams and compare the natural conditions of
the landslide dams in Kaikoura with those in Japan, to prepare for the next potential disaster.
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