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SYNTHETIC OBSERVATION ON DEBRIS FLOW

Part 3. Observation at valley Kamikamihorizawa
of Mt. Yakedake in 1976

By Setsuo OKUDA, Hiroshi SUWA, Kazuo OKUNISHI,
Masaaki NAKANO and Kgji YOKOYAMA

Synopsis
Systematic observation was carried out on the eastern slope of Mt. Yakedake in Jfapan
Alps, in order to study physical processes of debris flow and some special phenomena con-
cerned with the flow. Each stage of the debris flow such as the occurrence, growing, flowing,
retarding and deposition was the direct objective of the present observation. Hydrological
properties of slope surface were investigated in the source area of the debris flow by use
of various methods of physical sounding, and by the stream gauging to examine the relation
between the rainfall and occurrence of debris flow.
In order to attain the above mentioned purpose, the synthetic observation system equipped
with many instruments was extended over the whole course of valley Kamikamihorizawa.
The main results of this observation are as follows: (a) The continuous record of velocity
and discharge of a specified debris flows were obtained. (b) Exact size distribution of large
stones in the head of the debris flow was measured. (c) Vibration of ground due to the
passage of the debris flow was measured, and it was revealed that the magnitude of acce-
leration was so high that the vibration may affect the fluidization of deposits in the valley
bed. (d) Changing features in valley bed profile caused with the occurrence of debris flow
were revealed by the survey carried out three times during the observation period. ()
About a half part of the source area has a small infiltration capacity, so that sufficient quantity
of water and sediment can be supplied to the valley under a certain meteological conditions.
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Fig. 1. Observation system at the eastern slope of Mt. Yakedake ([®l: rain gauge,
(i): ground water level gauge, [DJ: gauging weir, ZZ4 : experimental
drainage area, <>: wire sensor, §: contact sensor, (®: 8mm cine-
camera, @x: 8mm interval shot camera, @: 16mm cine camera, @&:
35mm interval shot camera, & : video camera, [§]: seismometer, { :
equipments for flow height, [): impact pressure gauge, O : mud sam-
pler.
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Photo. 1. Movable pulley for hanging
a sensor or 8mm cine camera
in the valley.
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Fig. 2. A plan of the gauging weir; Con-
tour lines indicate the height (in
cm) from the bottom vertex of 90°
notch of the weir.
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Fig. 3. Relation between precipitation every 10 minutes, shallow ground water
level and occurrence time of debris flow (marked by arrow).
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Photo. 3. Continued
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Fig. 6. Assumed discharge and velocity of debris flow No. 6.
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Table. 1. Parameters of particle size distribution and dividing analysis into the
two populations of logarithmic normal distribution
S~ location | glope surfa}:e . underground discharge head of debris
‘ value of .. | of source area | of source area weir mud samper flow No. 2
Mdy=gsn 1.60 2.21 0.16 0.72 1.28
(0.32 mm) 0.21 mm) | (0.89 mm) (0. 60 mm) (0. 41 mm)
My= PsatPie 1.47 2.55 0.25 0. 66 1. 06
| (.35 mm) 017 mm) | (0.84 mm) | (0.63 mm) | (0.47 ng‘
op=Fei s 218 | 28 173 2.34 252
ag=M v’%M“f —0.044 | 0.118 0. 052 —0.023 —0.087
4 | -
weight 2 of \
745 M 20.2 | 27.0 7.6 8.9 14.1
weight 2 of
5~6y 2.9 4.7 0.3 1.2 1.7
Md, 0.80 ; 1.47 0.10 0.37 0.53
(0.57 mm) | (0.35 mm) 0.93 mm) | (0.77 mm) (0.69 mm)
u, 0.82 1.61 0.12 0.36 | 0.5
a (0.56 mm) (0. 32 mm) (0.92 mm) 0.77 mm) | (0,69 mm)
gy 2.10 2.25 1. 60 2,04 2.12
weight %, 82.6 78.2 96. 6 93.1 87.8
Mdy 5.31 5.76 4,04 5. 06 4.70
(0.025mm) | (0.018mm) | (0.060mm) | (0.029mm) | (0.038mm)
My 4.34 5.72 4.06 5.08 4.73
: b (0. 049mm) 0.018mm) | (0.059mm) | (0. 029mm) (0. 037mm)
i
. o4 3.39 2,51 2.64 2.67 3.02
weight 9 ' 17.4 21.8 3.4 6.9 12.2

Mdg: ¢ median diameter, My: ¢ mean diameter, ¢4: ¢ deviation, ae: ¢ skewness

FeEEDS S OB A E FATESODLE OMOERER 1M 2EE LI EEERT S, EE
TRAERSDIZS BRXOEAICH B0, MEEOC—27 REERAOEF I PP LRELE->THWETE
HEEIND, RO LBEAREIR 30H,, HHARKI 50H: BETH-7. ZhRERMRICK
BRBERREERTEET - EEARTH S, 3T, TAKEREHRASICGE S KON TREDORE D
INEEEEDEINT A4 T4 Fig. 15 1URT . BB TRAME TARARO DL E OERIR/NTS 15m Eh
T, #0TH 100gal BEORBMSEGEINIEVS T &id, BKE T AKEOBRELETCRMEYEAE
IEIERE AP - I RBOFENTREIN G, #E- Tﬁ'acc:‘asf\’f: £ IEAT & » TET B RKPBREDR
®id, ZOWBEHER - (BE LD RIRME AR LI 3 REHUERL VBT EBTRING,
L ATERBEORE TIRIITUELIROM A FEHOERICHEY, BRI U TE . LARSFEL,

DT LHRORET 2HROFER K LB HOBBEICEHEINTVEY, COXINRBEELS L, L
LARREOEDES LTHENERNAZELTELS, ZOBEE, HORHLRINTESZ LI CLARD

— 14 —
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Fig. 14. Acceleration and velocity of ground

vibration caused with the passage
of debris flow No. 7, the flow head
passed through the nearest point
at zero second of lateral coordinate;
H: horizontal component, V: verti-
cal component, a: acceleration, v:
velocity.
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R OEWE X SICBAT INEND S,
(1) = Dffiofik
RIS OEADL S AR E ChicBEE
TERSFAPR LTI, CZTRERFOF—4
% Fig. 16 JT/RL, 2 ¥RHAKBEEOLEER
FTicL EB 3, FBERFRAOZI L RREREE,
REFINEREHONIG T 3B ETCRE LA SOT
b5, BERIOHRETHROCT / BYUBHREHEEIC
Kotee e UBRA~ L TH S,
FANW No\RlEH#S 2 SR 15 EiER 8 BIKE 6 5 LHKE
No. 4 2.1(L) 1.7(R) 1.5(L) 0.9(R)
No. 5 3.4(L) 4,0(R) 3.5(L) 2.8(R)
L-£RFDT, R-BEEFEDT

Fig. 16. Maximum impact force estimated
from pressure mark gauge.

33 2REOEH

VITos AR Fig 1710k,
(1) BREET

KEBUCB T 2HBTHEREL Fig. 1810RT, BHREOHKAERX No. 1 & No. 2 oL TH30°,
No. 3 & No. 4 OETH 28°, No. 5 & No. 6 OAHETIIH 20° TH 5, ZhHOIE, M No. 2
LD FHOKE CRESSAX +EHINERLIZC EERLTHS, il No. 5 & No. 6 TZEHEMN
ANEODR, FHEEEREC 8 B ORIB O S TICELIC 6 MO HARHISHET Licd & T, BRIEERYIIRLE
AETHLTLUZY, BRICERBEN LY TH S,
%7z, 1AW No. 7 oREMmE (HLRZOXED
RAIEED L) 3R No. 2 fEETH-Tc&EX
55, CHIRFIEROBREZR—ET S, 35,
TAEMOFRERRE UTR, e BRICRET 2 LA
B0 ORBOREIEPSFERHECERT 20T
1314, & UTREESREERYOREL, UL
BEEEEOEAICLZDDEEEING,

XTHEE No. 3 DRFSEROES ZBERBH hic
REKR 3~4m EHLTH3ICdhbbod, BHEH

o . Fig. 17. Location of the measurement
ORI RAFORBHICENTE ZEE > TR points at the upstream reach

Vo ZOEMIZMOBEIRIC VT HRELTHY, ROK of valley Kamikamihorizawa.
SIKRRINL D Tb b, BEEDEAIERIZI62F

O KIEHEERNC N THBHIRE L BIICA > TV EEZ Bh, 2~3ED4 1 27 — A TRIEK
BT AC EICE - THEEINEIHBRZNVZERE L, BENTPRE, SBIKICH X
NEBBRORREBHER AU EAHL L CEVHINI L) P 2ABEXRLTHWEEEI 505,

(2) BRIKKIE

W RIBE O R E BED 2 BOZEDERD SHE LickRr Fig. 19 [ORT. ZOERERRIKETO
EREMHER 1/25000 ObDT, HEICRAF VA a5 72ERL, CCKXZREBER +1m BF
THb0 TRRPDOES RV —ONELRT . SHOBNPHFTTE, STAFEIE 1 ENELH2
EIORICKECETLTVS. ZOUAD I LMOBOREHMOMKTH LD BESEL, T 4RDX
FDRAHT BHAEATHE 7D SEOIHASHBRIN ER LTV IBHTH S, € 2iIc KEBR AN
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Fig 18. Change in cross section of valley Kamikamihorizawa at each measurement
point.
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12k 3 CORICBY 2 AHERECED S T2, EPERD OB INTERMCBRRICHER L TY
BREREIDTHBEELS. —F, BEH,D2BERT TORMBLAROREREZLZONEY, 2T
TREFICE > TIRIES 10m 282 3EH2H D, RERETZLAKBEEODICAEEFLELCE
DboDD e EHRREEEATAEBLEY, CCTLELOEEOEEBSREVLSCEPNG, HIL
i3 Fig. 19 OE% (Huge stone L309) OETIC 1968FCR b 5 —2OEEND » 18, ToHIhd

FABKAEFER #205B-1 (B 52 4)

WFLAckDi COMETREEBRKETFTEE L EZELON B,

(3 Moz

Fig. 2012138 A 4 Hick#ic L2 E (BB ORMNELETRT . Kho XEIREY — Y bhBgIhi
7B RA LT B EZRT. CONMDS BRI EIZED SN0, FIXRICHE L HIES

(P.1~p.3) TIHES 150cm 0 SMREATICHI TERICEREL TV R E b5,

ELEVATION (m)

1,900

No. 48
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Fig. 19. Change in valley bed profile.
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Fig. 20. Cumulative underground strain
of extension detected by pipe
strainmeter.

3.4 BREBCHIZIRBLAE
(1) FELolEs, BEAER, Bk

A HRO AT 4 DOXRDO AT AT TRA
TZEABBNY, Fhib b RO, A%
REHENTHEZERL, SSEREFELEIES
DICYER KA TAEHEELTNBEEZLONS,  Fig. 21. A plan of the experimental
ZOEETARALD b FHEOMSEBHR & T3, drainage area of upstream reach
KR Fig 21 [ORT & 510 5 4 TROWHAR \f:rgi:r rain_gauge, N: gauging
Bl LT, CCTHTLTOWALENRIKESET 55 )

BECOHNTABEZIIUD,

B E O S kLR O R EHERIC X - THR SN, HRPOYE L £ ORBIRESEREEE UL
BHHOS D HEREXLFELTVLE D EELBNS, 22T Fig.21 jt7R L7z LINE-1 & LINE-4 ©
2 ADHICIR - T, BEEARR, HWERRLIUBEKRBETE 7

Fig. 22 iz LINE-1 % k¢¥ LINE-2 2% 5 #HORROMEREETRT . LINE-1 BRERORRMMIRT
H1, LINE-2 ;322 s RENTHFISRTSH S, Fig.22 Of HERBFORERERT . B
FRENORBORETHIHE 1 BIUHAL (Fig. 21 2R) »5OKFERERT. Ld52FED
RRELEZE (Wenner 0 4 fH) 1k 2 HERBOMHERT. BERE o 12 0.5m »5 30m FTE
ATHERTIE 7254 ¢ & 2m DT LB B0 ERES 3002 2#Z 370, WETETVI—
Ao tre FIHEHBITH B0, BEEKIEDOBEMIEMHBEL, pa REIPEIHIETSD
o Z DT HIE Fig. 23 WRT. #HE 5 TRINTO ¢ OEICH LTRMGETEHR S HEd -
oo o-a HERITEERSAIC X » TR LD, HEROEICREBSA XL, A—HE0RESDPRE
THD. Lvl, A—HEssEmEIc PRAEAHEER>EREL, HiciEE->5 <&, Fig 22 iR
ESHBEMESCND, T O iZHER 0.3k2-m PITF, Tk 0.3~1.2kQ-m, I3 1.2~5kQ2-m
Mz 5~20kQem, IViZ 20kQ-m Dl EOMWEERT . 72720, HRURTRIEOERKRIIZEALEDS
NI, T2 TIEEISEOBIRE M GRERE) A2 Sh TV TH 5 o MK TSR 3
BHEERL, REBEETERRLA—#—of (ID 232, PEERAE FRTREERsE < (D,
FEEETRED (D, NEREXIBROGIEOMERLET —BAKRONIREVBREZEHRE T2
BT, ERRTRCORCRASNBLSIC, EREAR->THZD, HEFHTHRTSLEELLNS. B
WED I BREARTRHCESNIBE LYok TH 5. ROk EHOBEMBROTIcIIOL
SR U HERAABEERAATH S,

Epd 3 REORIRIHREARBRKICE 3, 10cm OBEAICETZITREK N OAHERT, #hi
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Fig. 22. Underground structure of the slope along the line-1 in
Fig. 21 (surface profile, specific resistance, cone penetration
resistance and permeability).
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LBV, T 2 BEX, ro A ~H—FLO¥E, L IAMROBERIBOERE (—EEIRE) T, k&)
BEX 2z CBPB3BRERTH S, L OEBDLOORODT, P E2HEABIERETY, Cofekvic,
Bl—0# —#—F T & BB REZICE > THTIB X KB ERTOTRICRKREDEA — & —HUR
ANTND, THbb, 012 100 (fnd 1/cmeminy, Iz 10-Y M2 1072 M3 1073, ik 10 0%
—#—~Thb, COXDLBKEREE P 30730 £
MIZRESE L, SO TSREICENTS, 5
Ny EORTHICBTN BT Edsbn s,

£fE LT Fig. 22 HOEABT L ROBHTH 2 PEE] Py
%, BEORFMIZSRNCEE Tk & F 5 KPR M AN
MEOF->TOB, BRETRELOKLBEFEGE
L, BELLELHBYSEHERZ BB -T2,
Z OHEBFFRIRICE T ZERHEHES KU L H 23 -
ELTORLEICENTES, BMETR S L1410 2
OKSEEESE Om) B SHEld GKEREST 87m) (i~

YAKEDAKE 1976

t 2 5 10 SO0 100

a(m)

20

T, ERYBROEIBERLTHOEH, ZOHMICY v
BEOEENBEL LT ENBRENSE, RERY
IKIRBRERANKEOFTREBYE I LT3
LEZBED, FREFYESEOHTRZDIDIC
REINDTNEEZ B~ &h, 2WOMBEIONLD,

Fig. 23. An example of p-a curves in
electrical prospecting.
* SURFACE

* LAYER-I
* LAYER-Il

80,

SALTY LCAR

EBLTHENEIMADICHWT B HDHKIDILN,
U LA TR ORBH SR Al —fFT
12754, BRKL > TRE-TVR L ERAERICHERT ° 0 o
%3,

2 WERR

LINE-1 # k¢ LINE-2 wi-TEBLOY » 7
ZHRIUTREMMTET oo v FVRERIE LT LA T 2, thEEMALAARRICES EhS2
EAORE (REMD »oRM U, BEREBRYZEAATED, O THRETH-LHTHB. L
» LBkEdEki: 1072 55 107 I TEEND 5, HKRRE U HAPEAGERII LIS, B-
A0 LERRNBESNIL D - oS TRHERRMGEDA TR Uz, ZhODY v T ORERBROEES
SHEAT S5 MCRTE Fig 24 DXSIC B, TCTUNMARER S 5 T, Witid 5p PIF
LU, Flochid, B, vuvb, WEOZRSORRESHEEIC oy FLAESDTHE, XT, B
HEE Mas, FIRRE Me, BHRE oo BE ap (FF 6 B ¢ 25 —1EROR) OHEEEH 3L,

HEFAAD DY v F it Map HUNEL GERD, EELY oicEOOil, LELLDY Y Fvid
Mas HSRE GEKD, TESKED, IELSOY Y PR T2 B 1055 &5 SHEBERT. i
FERED S OF ¥ P ADETIRRRENFNL (Map DK 12E sorting 2EL S (0 K DICHL,
ME»HSDH Y FVTEFIOEABRONS . ChdDT &b, FEDLRECEIGHENRIEZ YT
13, HEAHDOHELRIL->THB Ehbhd,

Fig. 24. Particle size distribution of
surface material of the slope.
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AT 0V B/ o FHEE->7c2 Y7 ) — FEOREEERG CTHBENZT- /. (Fig.2, Fig.
21 B, HEkikiZ 1/2,500 $hiER & BRiEic 0T Fig 21 08RO X SicEn s GkmEigiz2. 69
ha) , REFEFHOMFCHEEEL, ELVKMEFNENS K ILE - ORBELEHS THOLARD
RAEBO8 BRAPMETH -1, BohiNg Frss 7o—F% Fig. 25 R, HHEREHREOS
BitKEEHL, MLRBIERELEY LD EBN

B, RTRERKTERIEZ—KT3, CCTHREEL . nea ey gy E e €28
TRONTRARENEY, WREWHO 2~ 128 «mm%
DHIEZERTERELRV . CHREHORENETH ©re
HTHY, BRICETIGESEBOTEOZD, L0E

n.Hﬂfmmn mn
5 10 1z I3 & 5 16 17 1B (8

B OMRBEELICHE LT 30 EEX 53, .
—%, 8 ARZHHL0AEE CORKHKEY el
560%% TS UEHER LY, HRESAENEE  » J\EMJA\\

HHEBS K EOVERDSS - foo Fh CORHIOESFTH B e S M A R
Hi3HB0%E 0D, WHOBEASHRERLTSSC Fig. 25. An example of rainfall intensity
EERERTDE, CARPEDENVETH S, and runoff.
(2) =K DFH BT
FEWHBORBE BRI DI IREFH OB BADF —F—EELOND) LD lEr R
RIS COWRMEART LT TR 580, L l, EROL SRR EREOT, BB X
DO TARESBETS S | BEETORBE—HHBEREERT 5. €575 & | B0 JcH#KPRAD
FAEbHVEIZOT, FENIHEHEELIEBSNRVD, RHUHOBhOEEI AN BRLES.
Fig. 26 1T 1 BAJFEHOMBERE, KERES LORHERERT ., HHEBHSEREE S KICHBEL TS
EWbDB, ChRERDS b, BBERELTHLIABRERBERLZEVIEIFBEAINS T LEZR
LT3, BBRIZEROTINCILEIASOEZR S, 2B L, —El GREBEERET)
IGESLBDEINTND, 22T, BHSEFIOE—210ET 5 TOESERVT, HEHRE &R
HEOHEREDL 5& Fig. 21 0x3ikid, $L0R6D%%HT L, 9 A8 H~I0HOERIUAIZ
SHEBLICENSES S, HCh3BHREILEL LSO, CORMD, BWNHRES 3mm/hITFTR
FEFIE 572008, 3mm/h Pl EORics L TiRELHIC
G=0.5(P—3mm/h)
OBREOHBMBEL B EMbns, CCIC ¢ BEETFHOHKE®E (mm/h). P 3FEF®E (mm/h) T
BB, TNREROEIIKERINE, T4bb, ik 4 o T 1/2 OFEEELHDEHS A (=4/2) 1
fi=3mm/h OBKBBEHREE L, hOHD A 3 1Tmm/h DI LORKESBEE 2 635, 2575,
BBEE /1 O SOFHEM ¢ 1K T Horton 0B BEEERA AsEkarL
4

&8 B, WIBADRKBRBEL—R TR &2, Fig. 21 OhoOBKEIEHOKESHD, HiREI B
GRS EEEOROERBEATZ LI BELOXBLEBLIbDEEZ LN,

LicS->T, #0OWHTORSERS i (mm/h) (3
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A:P»fﬁq

EB, CDESICUTEHEL-BBREL Fig. 26 KAHBTRUL7T. HHUMRELTVAED, chid
BERILELL, TOBMNELIERERNTRINRE S, EROFHEARIIEDOBRERRLT
W3 BBENICRCOL S BERERLTVS,
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BEbbBo | DIRMMET AT » O3 TR EE A8 ©
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occurrence time of debris flow (marked by arrows).
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Fig. 29.

Hourly precipitation, runoff, sediment yield and shallow

ground water level (at 4th tributary).
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Tabe. 2. Amount of deposits left in the weir.

period | gowtof ol precoiation | gnountof | e hourhy
L June 22~July 16 1.46 | 141.5 ( 49.6) 10.5
" July 16~ 18 2.05 56.0 (28.6) 21.0
July 18~ 24 2.69 67.5 (29.4) 19.0
| July 24~Aug.12 3.52 322.5 (105. 6) | 15.0
’ Aug. 12~ 18 4.43 121.0 (447) | 20.5
. Aug. 18~Sep 2 0.94 139.0 ! 30.8 i 11.0
Sep. 2~ 10 1.60 134,0 ' 815 ’ 17.0

Sep. 10~ 21 1.67 ‘ 141.0 i 51.5 \ 10.0
| i ,
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