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SYNTHETIC OBSERVATION ON DEBRIS FLOW

Part 5. Observation at valley Kamikamihori
of Mt. Yakedake in 1978

By Setsuo OKUDA, Hiroshi SUWA, Kazuo OKUNISHI,
Koji YOKOYAMA, Kouichi OGAWA and Syuji HAMANA

Synopsis

Direct observation of debris flow and various surveys concerning the phenomena accom-
panied with debris flow were carried out on the eastern slope of Mt. Yakedake in 1978. In
execution of the former, a synthetic observation system equipped with many instrumentations
was set in operation which had been devised and put to practical use till the last year.
The latter mainly consists of three types of survey. In the source area of valley Kamikamihori,
measurement of slope erosion and rill profile was frequently carried out besides the mete-
orological and hydrological observations. In the channel reach, some measurements were also
frequently held concerning with microgeomorphological processes in the valley bed.

Special surveys on debris flow was started at the alluvial fan this year in order to study
the physical character of the debris flow in retarding and stopping stages and to investigate
the distinguishing feature of debris deposition caused with decrease in slope angle and
separation of water from debris. Recording of moving state of the debris flow with cameras,
microtopographical survey on erosional and depositional effects, and particle size analysis of
deposit were carried out near the intersection point at the fan.

As the result, we have obtained the following knowledges; (a) correlation between rainfall
vector and wind direction or wind velocity, (b) relationship between the locality of rainfall
distribution and occurrence of debris flow, (c) relationship between rainfall intensity and
coefficient of runoff or infiltration capacity, (d) lateral inclination of the head part of debris
flow, (e) exact measurement on surface velocity of debris flow by use of spatial filter
speedometer, (f) frequency characteristics of the ground vibration attended with debris flow,
(g) seasonal changes in the valley bed processes, (h) characteristic moving state as a
collective fluid of debris flow at the fan, (i) comparison of erosional and depositonal features
between debris flow and sand flow, and (j) relationship between particle size distribution of
debris and depositional conditions.

L £ X B 2

BEE L2 SRRIC 7 2 BERE A Q9774) F TRERERL SERBICE 28T, +ERORE -
WE - L OFEBOERSHAZENE LTEBINTE, EEEHORRLEDND, 205 bE
EUTRELBHEROEACEANELN, ChoDACEUTHEORENESLN>DH 3,

W lE5, HAROHEESRORBRELEL, L oRABHENMEEINTVIDRAOHOPERME &

._1_



158 HAPRAEFER $H225B-1 (R 54. 4)

ThH oY, ERKERIICEY 28R - BERCNETHEDRFRFLbITE ST, RFLALEDH -
tro L TAE (1978F) HoEBRMIC B 5 L AFROMIRE L HBEBEERHTICLEFLVERR
HEEL, ZhicHILBREREOKEEESTEE L,

2T HUL BT s HRBTOMERNROE¥DORED TH S,
(i) BRHCETZFIEROBE - EILoBE S REBAEORDEK - LAOSE GAERSELIMN
FERBEZ 5ND) K20, HARK S ESVTERNBRETE .
(i) TERETBHEOKROER BRI, LAFRE TREVTICKEERETRN - BRRETHR
W5 T8 OREEEZBABEHLYLTEVOT, FRETOLADKHESRINICIEET 21T,
TARBLEIBECOVT, ZOHREREE MRS EHE, BRELETRRIEZEEN,
) M S EREOWEREE  LAROSRT IFRMTIE, —RICEREPEEEHCME LK
BESHERINDD, ChdOBMIIBIIEN & LROHERIER & OEE BENEARIZE ST,

HLELARRMTOHEROBH B UBICI3, 2 CiCBETEE TORE, RBUELNILNESHD
RO LAFHORE, KEEEOBRAIZZOE T LIEThTE5E0,

AT, SEOEHTRAXUH OBV W ELELERL, £ OMIKEIOLATRISRE LI/, B
T EHBOREEY hiRicEY 2 LAROMK L SREEE & BKOBMHEB O LS JUER
HTOLAFOBIAE & HERRME IS & A MIFY % 9 L TR EWRENBR SN,

2 BAORE

2.1 BAULRFA

SLEQBATRINE TCORBRERREL P IKLETE, WL OHORREMA, BLRELZHREILETE
WREEER L.

PITIEASEE Z20BRBEIOHEOFPEIC OO THBEEMA 38, RICHEETRABNSIATSD
DDV TREREZDTICEED S, RERBBOLKNIREMER Fig. 11, FERETOFHMIL Fig.
2 I, Eikozhit Fig. 28 IR,

1 AIXRFERN

a) B B BREECE60Efl AFRI & 1 AOBRFRE L LU~ F VR 2REL,
XOHBOEESHELDFLLENBID, FrrelBE kAR 0EEF I XBHEBLUEIX
PDEREDICHREEL, 3LBRICESZOAOTHEEIEENS b EERET 5700, Phote. 1 TR
TS BHTRAMEETEERE L,

(b) HEEKE HFRECEIARRENRES LT2 rICEABREN 2, S5I4BD0BKAT v
FRAE & 3BOHER T v FIKAEERE UCHAIET S > Takd, N i HREIHRNBFOKR
BOMETEXAL91C, 2 RKBOIBHEI L > THIEREIE S C Lx# 2icnic, WAL (Photo. 2)
WEEL,

2 FRROAEAE

FRBAEIC 517 5 BAOBEESHOHMCT 3720, NSURBREEZDITA v 2, CORAK
ST AL HE & OBEEERETARES, FAXBHRBAORENILY L EN Y IC— R OHNTH
BERY, EHNTRHEETIREELEEREL/.

3) TAkomEEROEN

(a) spEFE L AKOLHIGETENRET S LI, BHBE VX F L2 EREBEET D
WrHDTA Y —t Y HE4rFD2VE s bev4% Fig 1 IGRTHBEICREL, LHEosons No.
1~30 EBEEM LI,

(b) +LHROFKR FH6SLHEKELZBEETIZIAROKRERET LD, ZO0ORRAFETLA
ROEEREEAEL, HBHOMEREIBIVE—~LNFATHASLEFENAFOERIOEHEST

_2_



WM - B - A - Bl - NI B 2 ERORAIEN 159

)

Mt. Yakedake

Valley Shimohori

ror O
D Bhs no.6
EVRVERCEITH,

Relay Station “YJ

Fig. 1. Location of observation system at the eastern slope of Mt. Yakedake in 1978.
R} : rain gauge, [Rv]| : vector rain gauge, [% | : rainfall intensity recorder, [0 : gauging weir, D :
ground water level gauge, |Th| : thermometer, «— : wire sensor, — | : contact sensor, :
seismometer, | IF| : pressure gauge for debris flow, {5V : spatial filter speedometer, {Ev]| : radar
speedometer, [T : tension gauge, @& :35mm interval shot camera, @ :16mm cinecamera, @ : 8mm
cinecamera, (®,: 8mm interval shot camera, ® : video camera, | FH1 : equipments for flow height,
[1e7} : pressure mark gauge, [¥s| : mud sampler, [ D57 : debris sampler
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Fig. 2. Location of raingauges and gauging weirs (UN and N) in the source area.
Dotted and broken lines represent the watersheds.

Photo. 1. Propeller anemometer and other equipments in source area
(cf. the mark W in Fig. 6 for the location).
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Fig. 3. Relation between daily precipitation and occurrence of debris flow.
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Table. 1. Depth of each rainfall (in mm) in source area of the valley Kamikamihori in 1978.

calculated from according to according to
reinfall vector | [RLESOTALNG gST | qonrecording gmse
Rp ) i
date tributary tributary tributary tributary tributary tributary
No.1l No.3 No.1l No.3 No.l No.3
July 1 24.9 26.9 48.9 47.2 49.3 47.0
July 9 17.3 22.3 49.0 56.2 48.2 58.7
July 28,29 20.5 21.5 23.3 23.9 4.0 24.4
Aug. 2, 3 32.3 31.9 25.9 23.7 25.4 21.8
Aug. 8 19.5 20.1 19.0 17.8 18.7 18.1
Aug. 15 9.4 12.0 16,3 15.3 15.7 15.6
Aug. 17 45.2 52.0 53.4 51.3 50.4 51.2
Sep. 3, 4 110.0 124.0 149.5 139.5 144.8 137.7
Sep. 15,16 30.1 26.0 25.1 21.1 26.1 19.2
Sep. 20 45.8 49.8 46.3 44.9 45.0 45.6
Sep. 23 45.8 51.5 58.2 53.5 53.4 55.3
Sep. 29 73.0 85.0 90.2 86.8 85.7 84.5
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Fig. 5. Relation between precipitation in every 10 minutes at different
points and occurrence time of debris flow (marked by arrow)

OBSERWATION SITES IN THE DRAINAGE
AREA OF TRIBUTARY- |V

Fig. 6. A detailed plan of the drainage area of the tributary-IV.

__9_



166 TUABGKBRTEER 225 B-1 (FH 54.4)

# 2.6%ha) OF -2 EHBT B Licky, REDOKBKDEBHAETESLSILE T,

FEBERSHBEL I TR, FHRETORBENORESE Ml &P, BENCIRRESEDLD
THL, BWAMOEEEKAHOBEISELZD LT UN #5E N HEOmATNI K s s 7h58%5
NBEITIE>DRIBRA-THLTHS,

KEBRELININA Fusrs 7055, REHEHORObOELTR, 6A16H, 984H, 9A5H,
QBIEBLUIANHOBOERET A ENTXED, 205 bIARMBREALILOF4BE9IA2ED
~NA¥as s 7R Fig TIORT, BRRENZ9A 3 HUBRKEOORALADOT, MEELTIRR,
& R* oS (Fig- 6 2R) OBMTHENRINTHS, UN#EE N isokRIIERMCS 1
DRF—WETT Oy bINTHED, SAEREDSHI0 : 1 THECEEERTEE, HRRBRIFIC UN
HEDIZSBRENC Db b, THEDNM Fus 570K 2EMICEIUTHED, UN#AT
BERSMERMIBEETHIOIH L, N HETREASZDOLTHLELE, BN ERNOTE

Sep, 4, 1978

M. oo n O e e
(ﬂ% el

RAINFALL (mm/I0Omin)
wo

Ra

o

i
]
A
'
i z
z ™ i geo
Sy ] w~
T P g7
L ! z
w3 i 3=
¥ 3 H 25
§ = i 48
z ! » 100
a e &
8 5
5 z
@ a
b ¥ T T T
4k 6 [ri
Sep, 29, 1978

«
]

?
:
=

»
1
1
;

RAINFALL (mm/10Omin)

$ 5_] "
i
5

WATER OISCHARGE (mWh}
upper weir

T T T
12 16 18 200

Fig. 7. Typical hydrographs for intense rainfall enough to stimulate a debris flow.



HE R - RE - B N - RS IARORAHER 167

IUH FOR POINT-N
1978

SEPT. 4 ———
SEPT. 5 ——
SEPT. 10

Q.

05

0 X7 100\_/ \200min.
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Fig. 9 Examples of the correlation between the specific discharge (g) and the rainfall
intensity (p) averaged over every ten minutes at UN and at N.
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Table 2. Coefficients of the relationship between p and q, for different rainstorms.

R at UN at N

Date of rain storm a f(mm/h) a f(mmy/h)
June 16 0.64 4.5 (not observed)
Sept. 4 0.17 2.3 0.34 3.8
Sept. 5 0.62 6.5 0,42 3.7
Sept. 10 (not observed) — —
Sept. 16 0,46 -1.3 (almost no discharge)
Sept. 21 0.22 0.9 — —
Sept. 23 — — —_— —
Sept. 26 0.61 0.9 (not cbserved)

The mark —- meams that the coefficients could not be obtained because

the final infiliration capacity was not attained.
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Fig. 10. Infiltration capacity of the drainage area of the two gauging weirs as a function
of time according to Eq. (3).
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5T EMbh S, FEBEOBAF -4 TRDb & 5 EEOEICHMBPALY, tRHEROKLDICRKETD
FRBRAUED LT, FLOVEBRRTERL, 2RUcd LT N S TREBESARIC/AE Y BF
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FEORDIGEN) Fod, BROIMPTRBHIL D BHEMCRET ZHEALSH S,
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REFEDHHEL T o 70, BHY LLLOFRIZBONT, B8 L TEBHNT 2 4ESS 3 B bN3,
ERRIEICOVTIR, AEEXY N #SARKELHAMICEE Lizc), LROLDIHT bkt
LTy FEINT, HL OEHIELBITHHTBLDICRY, AEREES -7,
INETOBRRRERS L, BAXBLSOLBRHBICERTHERARMDIEEX 2 L5 1KEDR,
Y VBREOHRBDEYORECOTRIEOLEHEENS, 2CTHEF LD Fig. 6 ICRTISiC, Nt
EdS UN #EIHORY, X5 b MBkick - TI8ED ) VRG22, BEDOR
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Fig. 11. The cross section of the rill or the gully at some of the survey lines shown in
Fig. 6 on the different date in 1978.
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BICEZ Y VBEREESER L. ZORBRE 1 XB TR - HFNE? CRUTHEY, Y VORE
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OB TREDETMECYH, 8 AhSIBICrITREHRIDLL, 2o LY, 6ALTHRL
BHEEBBIZT UL, BKEOHENLIZVITET »d5 8 Bh D 9 kb TiEiiiic & 2E0E
EAER ot EERIST S, B, Y VOBERE N HAICENTHRET EBENSDEL,
No. 4~No. 8 PREITEHENE . ZOLSLEREBORRE LTR, $TThnTAERIKCESD
DTH LD, HELPOFEBRHICLZ SOLEELHICTEREND E, ZTOLDIKIEHEELTOE
Y4 7 vEMLRFNUIR SR, 405, EHOEBRUMUELTHEVOT, ZORI2NT

19780
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N Y Wﬂh
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Sep. 4 Sep. 29

Fig. 12. Relation between precipitation in every 10 minutes and occurrence time
of debris flow (marked by arrow).

— 15 —



172 HABKRBIEFER $25B-1 (W 54 4)

RBESKF—2E2HEB U ETRI LI, 28, Y vOlESKEL, TIEAIELITRATHER
i (No. 1~No. 12) TREREFALELNIEHMBALILE, COBSTRAMENTHY, KEEED
SUDBRENTRINLETEIDOEEICERHDLNE LY, COEBHRNERETHIWEMND S, BEE
BEELTERORAREZELLRALDICE, I SIEHEIDI > TCOREERT B EBNRETHS
Do

3.2 THRFKORE

ZhE COBMRRIC X 3 LEERAFR BOTRIFEICERICHET 3 RNSEENTER - T
TAEBMBREL TS, Fig. 12 REIAEREORKED dmm Dl EOBRICONT, Z0FER EE
10T E LTRL, TAROBEMAZERAITRA L, BR7—413, FARRESAIGEDSOOR
RELUTHRAXBEEOWMES R, 0bD%k, BAELAHLREE m R TOINTHRTORKE LTER
HRNEDOTHEE R, Oboed#idl, CORERZE, HERLOEBLTVEEBD, LAKORER
LEWSHRRD ©— 7 HEBZ EBIERIC K —HL TR Edbir b, i, BIFEE TORKTIS,
F10IHROBEAMES 4mm D FTHUTLAROREOTRMNEL, Tmm 2T LIFEAEDES
RELTOEY, AEFOBAKELCIOOOEHEEFHELTOHRN T Ebbh s,

BT, +AHORESRBCNET, &+ PBRNRE 5031 FEHE S ORSREL OHEELT
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Hn, HEOEAIELDENC Ehbhot,
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Fig. 13. Frontal velocity of debris flow along valley Kamikamihori and valley bed profile in 1978.
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CEMbhotc, 1L, ADECAF—~2W6BELBVOTERNBEFRNOBARFTLTDLENT, <
T, BRLTOBEERENE AOBKEIEIC B0 TE L 2B HHOKEOHE S 3FEA23.8° cdEL,
FTERDEHBEERAREVIREKREL BB EEEHTICEED D,

(¢) FEHRONAFas57
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Aug.17, 197
vg.I7, 1978 Head of Debris Flow

Dam No,2
_______________ stones Dam No.7
maimum  cross section /T TTttee -
of debris flow Seeeel .
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S e =" debris flow
> T
debris flow - - -
g /| ’ =2
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----------- Dam No,6
debris flow /oSN e ) NN eI T
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Fig. 14. Maximal cross section of debris flow No. 2 at each dam.
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Fig. 15. Observed cross sectional area, hydraulic radius and assumed density
of debris flow No. 3 at the dam No. 6 upper.
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Fig. 16. Velocity and discharge of debris flow No. 3.
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Fig. 17. Change in size distribution of large stones among the head part of debris flow No. 3.

OFHERLEXRETIREELHULT, CNLOMEELHD > RBEERESRLRY, FURICITNETR
Lo HHICRERENETHED D5 Yy FBRENEH, FROF—2Y LRAMK BRGIVEBERS

BREOAH LT AERNR 5N 5.

LT AT, CNODEEDS, ZOLARDEFROHT, @ 10cm L EDOFREE, @ 10cm Ko+
BEIUKDED B EEDLEERD, ILCIRBICOOTIRREBREOY ¥ 7 AEREMIL, /20D

H v I oA WEEKDOLREED, Sk
LT ZOFARDIHEBROENES SO
BRERESERE ¢ 27— VTERBEFRKICTS
o kL, Fig. 18 {CKWERTRT (200cm
~2) . TDYITR, KREHITHBE,
HENESICGEOEDOEBIKRAT TE 5,
zhid, oy, RIRTEDOMH
ERAMELEBERET TR L% 0E
LHTRAELIZDEBBTLENTRETHSC
ExRL, EBICARLTHEEHBROLIIC
18T, SFEIRIEEIC K SALT ST &b
»3,

X7, Fig.19 & Table.3 ici3, RREHIC X
> TR U7 E> O L EHORFEFLBEOR
ESER%ERY, Table. 3 I3 L0 5HE,
ITBOERBEBIUNEEEEL L TRy
— WVEIRDPRRE ¢s0 FIFE My, BEERE
op B ap &, VAP EHEOEDIERY
Z2iEl, 35k, NEHROBERMIERE
#id7c, Fig. 19 i3, ThZhoNEiREE

99,99

999

Sep. 4, 1978 Head of Debris Flow (P=1.87)

-~

3
o

[

o,
7

e/

ot

Q> !
/2
N
.
|'%
l\
/SQ

0

(REEE!

\
%0

.
/.

14
Iz
N

el

-0 -8 -6 -4 -2 0o 2 4 6 8

DIAMETER IN ¢b- UNIT

Fig. 18. Cumulative curve of particle size distribution

of a sample from the head part of debris flow
No. 3 and a result of population analysis.



181

TAEGROR BN

-

~ £

'

BE - Y - B - Bl DI B

*y zaddn g 2 T g ‘ON wep : ¢ *5 1addn T 4 g 12ddn T "oN 1 uoT3IRd07
SSDUMANS ¢ uoT3IRTASP ¢ "oo I932weTp uesw Io3oweTp uevtpow ¢ ¢ %o
0°s 0°9 £°s 179 8L 8z S°6 0°sT € v 8 11 s°8 26 L°TT | % 3ybyem
£€L°1 €6°1T €9°1 1228 £0°2 6€°1 L1°2 vs'z 68°2 90°¢ 00°2 £8°2 £2°¢ b 5
810°0 £20°0 2z0°0 §20°¢C zz0'0 GE0°0 9500 je ] 0900 z€0°0 $20°0 180°0 00
£L°S s 8v°S 0€°s 9v°s 08"y ST'P (2584 S0°y v6'y 82°g z9°¢ 09"y i
(A7 s°8L €zL 0°69 0°¥L T Ty S°LS 1°8¢ L€9 8°95 L8°g L'8E 8Ly | % jubrem
€€°1 [ 204 Lt 0s°T 89°1 ¥9° 1T S9°1 18°1T (1281 SS°T $9°1 oLt sS°T [N a
°0z°0 zz'o 220 zz'0 sz*0 8€°0 ZET0 f0g°0 sz°0 8z°0 820 sz°0 Lzeo
9z sT°2 12851 9T°Z 96°1T 6€°T 09°1 w1 S6°T z8°1 £€8°1 86°T 98°1 "o
8°02 S°ST veze 9° vz 281 0°ss 0°€E 6°9Y 0°zz v1e 8°ze 1°2s S°0¥ | % 3ybrom
98°2 05°1T zo°y 60°€ £ € 1Z°s Zv e 18°¢€ 6E° T z8°2 vE“T LTy v6°2 ¢ e
6€°TT Lz €1°S1 v8°6 9€°L $0Z° 9% 8z ¥ 18°s2 (4284 Ly LE"Y 00°v9 Lot
T5°€- Ly I~ z6°€- 0€-€~ 88°2- £€5°5- 012~ 69 v~ 82" 1~ vzrz- €172z~ 00°9- 88°€~ =
L9°0 [7A] $°0 69°0 Tt €€°0 15°0 89°0 z°1 1 1 oo 86°0 novg 30 %
£6°€1 9T°ST 8°v1 eyt 59T 1L 68°0T ZLU Tt 6°ST 6721 9°z1 6LV [4 254 AgapL 3O g
682°0- | 8L0°0- | z82z*0- | 962°0- | SPT0- | ¥PE"O- | ZET*O0- | LBTI'0- | $90°0~ | L9T°0~ | 9€T"0~ | LbE'0- | TZE O~ [N
€€°T s8°1 z9°e Lz 1344 SE°S e 12:241 4084 18°C 68°2 §9°g 80"V [N
$°0 Lz'6 9v°0 15°0 20¥°0 P19 $9°0 Le"t vE0 €90 v9°0 Zv°s 8" 1T 0
00°1 181 0T°1 56°0 0€° 1 z9°2-~ 09°0 9% 0- [458¢ 99°0 ¥9°0 vorz- LS°0- W
1€°0 ¥Z°0 Lz'o 62°0 €70 @t 1570 £8°0 €70 (328 8y 0 6€°T 65°0
89" T z0°e ¥8° T et 89°T 8L 0- 96°6 9Z°0 L9°t €1°1 ¥0'T | ev-0- vL0 *¢
028 8L 6°9% 6705 9°¢¢ ¢ 9L S 6v Lr9t 699 %9 £°¢9 0-08 9-ge | MomITIIUISMOS
1128+ 81 6€°T 1228 sz°T €8°1 [428¢ s8°1 L9t 29°1 19°1 26°1 X3tsusp
3o snrea
v € z 1 v z 1 v € z T z 1 ——
6z °das y -deg LT *bny 6 Anp e3ep

8L6T
‘uonNqLuSIp [ewsou owuyyieso] jo suonendod 291y Ay
ojur I9)1e] 9y} Jo sisA[eue SUIPIAIp pue ‘sio[duwies S1Iqop woij sspdures Jo uonnqlIsIp 9zis spnied jo sivpPweled ‘g d[qe],



182 FOABRBENEN #225B-1 (54 4)
99.99 July 8, 1978 Head of Debrls Flow 9999 Aug.17, 1978 Head of Debris Flow
99.9 999
v .
99 / 99 / &
5o Wi )
0 &
§% /K 90
o
S 80 iy S0
70
70
® s - /;’ 60
“ . 50 .
a0 L= 7 o 1| wao @ o
= -1 >
B30 § 84 E30 5 5
320 gg4+4 S20 Z gg
g 3 371 51 .l B
30 ssT 20 4 S s
5 4 s A zz_ |
i |
! |
1 . 1R I
. Pl
)
ol [ ol P
00! l 001L— I
6 -4 -2 0 2 4 6 8 6 -4 -2 o0 2 4 6 8
DIAMETER IN ¢ -UNIT DIAMETER IN $-UNIT
(a) (b)
Aug. 17, 1971
99.99-Rus: 17, 1978 Heled of Debris F'WI 0950 5P 4, 1978 Head of Debris Flow
99.9 ; - a09 %
| pe
. I‘ 2
99 99 784
A
« 74
& 95 « V.,
& o5
@ 90 a i
o g %0 7,
o 80 S e — 77
70 70 /4
260 2 80 .y
50 < % Vi
Wao w 40 L= | SF ¢ O -
E 30 5 2 P
tjzo g 30 = 7 55 8 |
3 g < 2 A g8 B
20 weo ] 2 % - - o1
5 22,1 0 ) £22 ] |
HE il
| Pl Pl
i ! LT
1 - [
P N
ol [ !
e B R B — [
ool | J — 00! i 1 [
-6 o 2 4 6 8 s 4 -2 0 2 4 6 8
DIAMETER IN  $-UNIT DIAMETER IN ¢-UNIT

fe)

()



R - B - R - L VI R £ EROBANEN 183

999 Sep. 29, 1978 Head of Debris Flow 959 Sep. 29, 1978 Head of Debris Flow
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Fig. 19. Cumulative curves of particle size distribution of samples trapped with debris samplers.

BET, FREROARMRERSR TR L, Table.3 K77 a, b, ¢ OREFD ¢ DIEE, ¢s OE
HEEL AR LTALECS, CHLE2OREMRBLZB%OHRTENCHDEDEALHECE
Wbt LkhsT, tAROEHHOWKEEETIE, BHEBRTINERERLLT, ok
SHRESORMEMEZEET I EMRYLEEALI . Lh L, EBIKR, ZhoohERER, +AKDD
b EDOFEMEFTBHOWEBIDO T 0 ADBEROTHERB LI bDTH LT GH Y, REABRSE
OREBUELHONICT 5DICIRG - EBLDF -2 2ERTEURENS 5,

(3) BEHBORT

FAEFEOEFRCRSBOEANARSETINTOT, HBPICChOBENCEZELIZYD, HB303EB
KIT 3o - TREBIREERET H00, BEKPBFOMBSHUIREL, LEORMEBEDEENE
RBOEET, FAROHRGBMERES 20 REEINICEBTHINSGY, V21T, ZORBOEHELE
LSBT ahid, BRIBREOMOBEEXBLT, REBZBLZCEREST, TAKORERE=
£ =33 EBEMNITRICIES LEZL SN, FE,ISFIICERBOMEITERE U TABIRENZ
BRER L7Y,

XT, ZERZALAW No. 2, 3, 4 £20T, W OMhOBHI 2ARZE-726DD, HIEBEOF~42%1E
BT EMT X, Fig. 20 i, BREHOMBEEBLAROFR T ONTEDX S ICEN LichETRIC, *
7o, ZOREBYA R P VERERTEON S SREANKOENE EBICR L, 22T, TRBOM®E
BEoELBREITEE, LAWK No. 2 0L ERMEHKRETREHT, WESKRTHE LTRSS, i
28 120m BN oI AR TAEE LI BC BRICR K 1 gal i IEBEE R Uiz, T6EDRRE DD
FEBCOOTOLFEABLTHRT S, COLANK No. 2 0L dd, RFEEHHAEAREGAESOE
Bicid, 100gal DA —& —OROIRREIEL LT LEEI NS,

SFK, FHNEEOREMA <7 PMERETREY, AR OMENE LN, ZOKE, 72



184 FABKBRAER  H225B-1 (W 54. 4)

100 Aug. 17 Sep. 4 Sep.29, 1978
50T et
» 7
- o}
IOO}
.
O
2
]
>
[}
w
4
w
g
g | !
§ 100 I ——— |st strength ‘ 1
a T 2nd strength J‘
R R 3rd strength : I
o =
-400  -200 -200 0 200 -400 -200 0 200 400
DISTANCE FROM THE FRONT ( m )
S | -3
— IR T '
3 * A
ol E— = = 2 i
ra 4 A Y
8 r / R ]
= .l A
< ‘ —L4 -
& | i/v’ 7l
W oo x ,t.he. . L4 7 ol
a Y =—— 2 g
] y ,i.he i fEY
Q 1-z V.G, ! e, ] S ma -
2 ! ' o . -
1 T O N e e R i s BN bl D i
2-y ,l.he bt } : —t
~400  -200 ——2e2 e L.- -200 0 200
00! | ' 1 ! ] | ! i 1 | i 00!
-400 -200 0 -400 -200 6] 200 420

Fig. 20. Time change in the accerelation of ground vibration and shifting of its prominent
frequency rearranged as a function of the distance from the head of the debris flow.
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Photo. 7. Sand flow running down along natural levee.

s

Photo. 8. Marker stick with a sleel ring Photo. 9. Portable camera set for
(on the ground surface). vertical photographing.

193



a1 54. 4)

225 B-1

5

B SR He

i
A

|
)

194

‘6 '0j0UJ Ul UMOUS SE }3s

LI-M ¥

BISWED Y} YIM MO[J SLIQSp 19)j Paplodal sLIqap Jo 31e)s [euonisodsq 01 "010yd

38



R - EH - B - Bl - I B R EHROBSNER 195

LT, Zoiific B 3 %EEARIE L. EBIRIARE 2 REEER LRSHRT 50T, ST
FIWEFBOE IR v /OB I EMELEZC LTHEL, ) Y7 2HUEREC v b Ui, /b
EOMAROE(NZE S DILFE L EHRBDI, RhEHEET 2 AR RAORER GHEBERICKE-> O
BB TKEMREHE VB L, X ORMROHRRR L EHBE - BE T LD, SHOMAT
Photo. 9 ICRT L7 HERFHEEHE Y F ZROTHERERE L. COXIUEBEHEHOH %
Photo.10 [T;RLTH 5,
AEE R FEROL S BB, LARSEE L HIRICREETE > 7,
6 H26E1~27H @b S F. LEEED)

TA9H +HH Gy O F. i
8 A17H D. F. (X)

9H4H D. F. (4)

9 298 D. F. (f)

10428H S. F.

DL EEAOHHICE SN - T, BECHEREOLEZ4 UEic S0 TZ OEHERRIIFICOR
T & Fig. 30— ~(7) DX NHERBEON, LTARL>TR—EAOHHBTERE LY F2— Vv
BORA - HHELELTVS,

SFIZZOHERERL b ETOT—EDFHAOHHIC E SO MREDS Sem LI EEB) LR OER,
LBTOVHBAYE EHALIHEE THOERE RARE HDUNHAR HHAR ZROIH
BiE% Table. 4 ITRT . CTTRVWARERE 2DUHERE HEEOMEOBKICOWTIE Table 4

Table 4. Survey on erosion and deposition with {ixed measurement sticks.

Date | Aim?| Blem)| Clem)| D(em)| E=AB| F-AC! G-AD|G/E|F/E
(1978) ()] (M) (mY
S28 .l 18750 | 674 215| 8891264 403 | 1667 (134|032
817 (D.F); 30000 1.35 402 537 404 1206 16103391299
9.4 (DF)28125 1.16 298 4.1 4 327 838 1165|356 | 2.56!
cf. 1300m|
9.29(DF) 46875 .14 .26 2.40 534 591 wasjeint |t
S5 |32500| 201 | o0s9| 260 653 191 | 844121 029
s.ze'?\r 3182 | 3229 6411
stick  stick A area of the region with ground leve! change
ground surface B average of erosion depth
in ’/_(j; : ? erosion depth
ground T v C average of apparent deposition aepth
surface m%.l-..ia_ C apparent deposition depth
before after D average of deposition depth
debris flow debris flow D deposition depth
E volume of eroded debris
F apparent volume of deposited debris
G volume of deposited debris

cf. Volume of debris passing through the Section of dam NO.6 during
initial period 2min. of debris flow, which was calculated from

observed discharge rate and water content.
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AND SCOLRING  DEPTH 20
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CHANGE IN GROUD SURFACE LEVEL
AND SCOURING DEPTH

w0 w0
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R
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:{ o~ due to debris flow (D. F.) and sand flow

o[\ o};—‘ Fig. 28 for definition of the quantities and
e for the location of observed points)

M

Fig. 30. Change in ground level and scouring depth

05 (S. F.), R: ring position (see Table 4 and
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Fig. 31. Patterns of deposition and erosion by debris flow or sand flow.

C. B.: collective deposit containing bou
C. G.: collective deposit containing cob

lders (d>20cm)
bles (20cm>d>10cm)

D(+ +) : depositional region (ground level rising>>5cm)
E(——) : erosional region (ground level lowering=5cm)
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Fig. 32. Microtopographic change along transversal lines caused by debris flow on Sep. 29th.
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WCINA T s SEE S BRI DR 5 B o Jl# No. 12 TRITKEBO TR TRE, MFTHREE Sk
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%% Fig. 88 IORT & 5 NHRESERNERH N TH S &, TARTRITEANCENERBESL S
N, TOBRIRINCE, TERBBEL, V-1T) FRRTRIEERICHMELTBABISHBEL T 5004
BITH B,

(3) HERHORE SR

BRHENRE L HRHRERROZEY OFETI I » 7o, $TERERSRE LTR, HROBEEN
HETERR LR E LS WATETHEMTL, F/08& 3om D EoRF2MSE LTI, £OBHER
W e UCRBESIT 2T - 7o BHEE b LA IPROHRC L KEATIRORRRUER
WL o 7co AFERELIAROER HRBHTHE WD 51 Ve ) T HRIER 0 B E %
Photo. 10—1~4 iTRY . ZHHIE8 FITHOLARERNR L LIDDTH %,

Boh/INEINERO—E% Fig.34 & Fig.35 K RLTH 525, Fig-34 12 8 BITHO L ETHHERED
+RERE LTI K INESTOBERTHY, F7- Fig. 35 BRALLANKICH T 3 EEBFEc L 25
PRERO—BITH B, 138 Fig. 35 OMBRER *—+ ~ FTRUEL B LIC 5 2N FOHERE S~ > b
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Fig. 35. Size distribution of debris deposit
Fig. 34. Size distribution of debris deposit (Aug. (Aug. 17thy measured by photographic
17th) measured with sieves (—4<lg<4). method (¢<C—4).
DISTRIBUTION OF $50 AUG. 21, 1978
8 - :
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Fig. 36. Distribution of ¢, of debris deposit
in the range (—4<¢<C4). Thick broken
lines show the boundary of depositional Fig. 37. Distribution of ¢4 of debris deposit.
region (Fig. 31-2)

AW B BRI THIBEDHBIREOBRERET 5 —DOERE LTHATSCEBELXALY
L#Z 2, 3T Fig 34 OFREHOEET S L COFRuCHH LT L 2/ FOHRHIIE Imm ($=0
AR BT O HEM DM DR RO 15 & B U TIEEIC A, C ORI 9 BIKRE Ui LAROHREH O
DEERD S b O ML EBZOERIBLH TR, RIEHBOEZELENAAATENTLOHHOBRD
1R U T+ OMIC L BREMIREREL D, 7 74 Ay —VTRRUICHINR (§s0) LHIKE {os
=(ou—016) 2} HFHEDEERREER LI, ZOAD % Fig.36 & Fig. 37 WRT. Thdhd

p Y E X F W 6 V H U
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TAEEE Ll X ZHERH ORI, BIUZH S OHRYONEREOK FTERICL 2K8, 503t
AfEEREE OHEBRORFECCAB1D, 5EDR- &) LRRB OV -7, ARGICE
AFOBIEAE, +£5cm Pl EOESTHER S/ I3M0E LI HIROAHZHNTH 20205 T HRL T,

HEHRVEBESS B LRBBL LN,

DI, FROEESMAEOEEBIEIC L ZREMTRER GIHERZ 1m) 2ALTHUENT
6 ARO LB E 8 AITHO X ARAERS & UTHRT LIcHR% Fig. 38 5 Fig.42 ¥ TICRY, Fig. 38
& Fig.39 28 ATHO T ARMEAT, PRAE (4s) OHHR (Fig.38) & Fig.37 ORPUCHEA
NTH3HAREIEREBEERB LTS 3L, COFERRILAROELREELSERLTOICER
BRIND, TROLERMSEILLZORITHES Hl MEHEL LT ZRENLSRREINTED, &

DISTRIBUTION OF ’30 AuG.21, 1978

Wouwooa T

Fig. 38. Distribution of ¢, of debris deposit
in the range (¢<C~4).
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L
Fig. 40. Distribution of ¢,; of debris deposit

observed after sand flow in the range
of (p<C—4).
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DISTRIBUTION OF ¢zs AUG 21,1978

Fig. 39. Distribution of ¢,; of debris
deposit in the range (¢<<-—4).

DISTRIBUTION OF 4)5°JULY.2|.IS7E

Fig. 41. Distribution of ¢5, of debris deposit
observed after sand flow.
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Photo. 11. Fan of Kamikamihori looked down from the upper reach of valley Kamisenjo.
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