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RUNOFF PROCESS, SEDIMENT YIELD AND TRANSPORT
IN A MOUNTAIN WATERSHED (7)

By Kazuo AsHDA, Tamotsu Taranvasur and Toyoaki SAwWADA

Synopsis

The authors carried out some observations on the runoff of rain, sediment yield and transport
in 2 mountain watershed, called Ashiaraidani (7.2 Km?), which is a tributary of the Jintsu River
in Gifu Prefecture, Japan.

In this paper, the process and mechanism of sediment transport on the stream channel in
Hirudani experimental watershed were analyzed by petorological and grain-size classification of
transported gravels. Colored gravels were also used as the tracer to identify the characteristics of
sediment particle movements.

The mechanism of occurrence and behavior of debris flow were partially revealed through
the field observations on variation of river bed, and the water balance of debris flows in Ashiaraidani
experimental watershed (6.5 Km?).
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Fig. 1. Plan of the Ashiaraidani experimental watershed and the arrangement of equipment for
observation. 1: The observatory, 2: Hirudani station, 3: Fukadani station, 4: Upper Hirudani
station, 5: Kurodani station, 6: Pluviometers, 7: 8 mm cinecameras.
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Fir. 2. Conceptual diagram of the equipment for C
the measurement of flow rate at Fukadani
station 1: Ultrasonic water gage, 2: T.V. 1.1

camera, 3: Radar velocity meter, 4: The
concrete channel.

]'00 10 20 30 40°

m
0.|5j e
i LAt 0.0 Velocity meter
- V= HT* (1ioles v 1 _
o[- C-Vr=cos§/./'
H [ /V/ |
- e ﬁ' i
008 ) g
- f— -
L J7777777777777777777777777777
OJ R B SN é L1y :; L J4 Fig. 3. Calibration coefficient versus angles between
' vV m/sec flow axis and radar velocity meter.

Fig. 4. Relation between flow depth (H) and
flow velocity (V) on the concrete channel
at Fukadani station.
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Fig. 11. Relation between the runoff ratio (F) and cumulative rainfall (XR).
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Lo TAEKREROHBEY T OBAIAKE 20 130.35, LAKHOKDOEKE AL 0.50 LIREL T D,
Table 1126 H2 HA 58 H9 HITORIAKIIOWT, E5EHE IR (Y- 7 RERET TORFTERT
EM TS24 FILIN O 3 ), BERMAOBRME R, HKAI100MFE R, HEHEREELIIVE
BAHE Qr, PIUEEREERER fOMERLCIOTHS. A, RERKBEREE X, LAK
BRELTAEWESIIE (6) R, LAKSRELLEAR (15 RRI>TROLNEIOTH 2,
+TEREKEORER, SmmH A FITLoT, THIBEL8AIHILAKBREPWIRY b, TAKSE
B0 RERiI, Table 1l [ZRT &35 1C, WFN L#EERE TR 4100 mm Pl b, HK104MHEEH 4 mm LL
EThrzENEAING, ki, SEEAKSEIBE TS TBRUE NI ERRE, ZoBRBINEI W
W, FTHOBSBENMEE CLAROHBELRE> THHE LTy, RRXEFGER S cLAROER
DL EIN TV B LAKORERERIOMMFESH Omm L ETH Y, BEBRERL > TILHEKRK
OEEBFEINTNB LS5 TH 5,

Table 1. Various properties of rainfall and runoff in Ashiaraidani.

[ | Rio mm/

Date ZRmm R mm/hr ‘ 10 min. } Q, m3/sec f

~ June 2 "85 7.0 BRI N 0010
June 11 34.5 9.0 2.0 ! 0.20 0.012
June 18 41.5 10.0 2.0 0.19 0.011
June 24 54.0 8.0 1.5 0.25 0.017
July 1 81.5 12.0 3.5 0.65 0.030
July 11 68.0 17.0 3.5 1.13 0.037
July 13 88.5 9.0 2.5 0.27 0.017
July 15 110.0 14.0 4.0 0.93 *0.023
July 26 13.5 14.0 3.5 0.25 0.010
Aug. 5 12.0 11.0 3.0 0.16 0.008
Aug. 8 54.0 10.0 2.0 0.30 0.012
Aug. 9 109.0 14.0 4.5 1.17 *0.029
* Debris flow
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Fig. 13. Physiographical outline of the Kurodani and the Shiramizudani.

._9___



476 FERK R KBFEITAE S 21 55 B-2 (W 53. 4)

BMEOFEE XL TTHATE Y, BELFHA TRV, BRICHBEE LTI NEOKREIRIEREN 2m
T, BEREBLASBRETH . ZORKERBO S BEH 20° TEFIZATDH 5. 2O, HRLD
RIBEOEN X (W 3~4m) WHMAERKIER L T, £, No2 0O FiETRERSEHRLT2, 30D
EhEEE L Twbe No. 2 FHETRITKRERDZD 2, ARERHBLIRNEORN S EEALL
Tndo ZOMEOHROBEDHNEL b ECOLBY LA THABAL LN S, No.2 0 LETRER
B TRAKRE EXHBEHT 20, BERBICRARRSBLLONE V. T, WKOWN EITEEBME
LTkY, BPhiroBisindiolBbhd, XEoEHKKE No.3 o/hE &7 ) oFRfFETHRELT
3o No.3 D/NEEH ) OARARBTHE, WERABE LLZBROLBNEY, FAKICHEL TV,
%%, Fig. 13 ICRFKT S WASRLTH 248, TOMEQREKT 5 id 5~8° Th b0 No.4 fHEOHME
R, FRICRERSRY V. 3, HKOLIAEIARHEEABOABEBLLTWI. EHIT,
2~3m DEMEHFIZRDOLN, WEISIED 6° Hik TR &> Twbo No. 5 L b B TR
BRI aD, MR I5°L EELE>Twhe Lo T, ZOMEOMKERIAROBESRME
BIEWMRELTEY, thkortFmELsELONE, L L, No.3%b No.5 OloFKILEWT, KiEt
GHASHB L L ) 2RBRADONE D o720 &b, JOFERREMERDPLIWLDPTH B0

BB OFKR, FTHRBEFATHEELECBEEL, BRI EZ> ThT, SR RD RN &8
BTS2, 272, KO H FTomIEEEL, TOKOBEMKTS S 2 LHTHREBOBMTH 2. %,
THEBOFMEKEZ 5 BRIk 4° » 5 5°BET, BARBRO FHEBIZEBELCEN, Larl, Z0L5E2RKID
RTIFRBPEB 2 MET L ENTEL RO LEBhND, No.6,7 LU 8 fHEDMIBIFERITKL %
2 Tnbo HRRKNEIATHIMT, ZOL S RBHTH, BENEB0% > THROBH L 20X %
BRERLTVD, BRABREOHNHDP LGOI O LBEALHEMBOERLLOIOIZFT LN, KREOE
RIZLZWARE D bNT. L L, No.8 I EFHIZE W TRWEELRTESOHANEL L OFEK
B2HAFTRDOLNT, ZOEKRBRIIAFNIES 100/ RELLZIBRTHD. No.9 BIEHEOHOT,
ZOB/IRERAKZTEL, ENEBBEFRDTD, HKITERERT22ELTEY, AKROIHNE
DHHOBBRBAD LNk e KD No. 10 fHED L RFAKERBLE &), BEKIBRL TS,
No. 11 fHETRERCH AL AKOBBYBBELLEE > TH->Th D, ZOoHBRITRMESBOLNS,
No.12 fHEREHERE %> Td Y #RHRD
%<, FAEY 345 5m THL, 2, 30MEN .
RWOLN B, No. 13 HHEH ORI T MR
L&D, MEIIBIRALE> Tnbs AK
R s L kT, BRMLHMBI L
BhExoMBREAEEELOENE 2 CILWHEM A .
Th o Wik 50 mm LI OUIHERS O HE | I YT R I

00! 0.
At Fig. 14 WRT L6 0 T, HH0oBS 1, ' " b ° ®
3, 40t No. 13 O MBORKHERY, FS Fig. 14. Grain-size distribution curves. 1, 4, 3: Debris,
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Fig. 15. 1976. 8. Flood in Hirudani. Fig. 16. 1976.9. Flood in Hirudani.
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BMTETRTABMETI L BRAETD 2. 20X ) ZHKOBELINT 2700121, e VEHROUER
BOEE, BAREOGM A LOYHLER LIRBEFTVEEL L BEND 2,

AL, eABRBEPTI5HKOHERE Figs.17,18,19,20 5L U 21 5T L0V TH b, 4 A0
HAKRBMEORBEBLHERIZ RITWIE, 5 Folkizonwtd, Fig 18 TRTL5 RETHSOE
WMEZTTWHIEBEADLNL,

6 BITAS L MEWMFOMBIIRIT—ELLEY, HhkoBAE, Fig 19 XynwiHbLL%EL L, BF
OETELEBIEARBTHR> TNDELLETH Do FHKOBEBERBRS (N4 Fuy 570 ED &L BR
EBALERTHME) OMHERII6 A1 A41.7%, 6 H10A243.9%, 6 H17H#0.9%, 6 H18H2%6.3
%, 6 H24AMT%LEE>T Do 22T, L RX6AITADHRERBIENI W LIE, 178 LBTICEER
BHBENTDROPBRRIBZNWIEEFTIDTES I 3, #HIT6 HISHORERBMKE nOH,
17A OB OO KPMBRBSG D e oI LEFZTIOTH A5,
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Fig. 18. 1977.5. Flood in Hirudani.
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Fig. 17. 1977. 4. Flood in Hirudani. Fig. 19. 1977.6. Flood in Hirudani.
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Fig. 20. 1977. 7. Flood in Hirudani. Fig. 21. 1977.8. Flood in Hirudani.

TARABLLEeEABHNOOERFEHREN e LB ERKOI OB L THEITKEL R LM Fig. 20
KRN THLPTH S0 e VAHOTOEERBRSOHMRIET7 A1 HT5.1%, 7THIIHT3.3%, 7H
13HCL 0%, 7 H15HT7.9%, 7TH26HT2.3%BL%>Twh,

BHIADLEAMBHIOE eAMBEEHOMBOZERIVE RY, ELIC8ATHTH Fig. 21 TRT LS
2, BIZRABOEERT I EBBRTH L. UEOXS5 I, 1 »AREOEHITOR > T, HkOR#EL
2L, eABHORST2HBOEHN e M E ERITHEBE L THEFRREW I EWRFERE L > T b,

L0 AEMOBKOKEM D e VERBINL T 3 EAHRME L 2 oRERBIRT 23 0TREN
PpEELLND.

42 RO ER

VB HBIZE T A HEDOREE, Xk XCERBECOEBRINIBNEY, ToPDhEITHBEL T
KELZRELOEIBBEROFAELEXIFNWTHEINLIZ LD D, 20X A RDORBLEWULLITTS
7oz, eABHONFEHLCEL ERBEOPNE ICRBOBREN 2D, ZoFY (FHRNEH
2mm) T hv—3—¢ LTHBDOREE - Bl TEML7co FERDIX1976 4 6 A30H e MBI OFKRITK
H0kg AT NI ZOHFBPO e VFHONOKEIRBIR Fig. 22 2R T30 T, 197647 130595
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Fig. 22. Runoff rates of coloured gravels in Hirudani.
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BODIHIET AW OMKIZ, e ArBEMAHS L 550m 2 TORKIZEBNAIBIELALHERLTWE
WIRIET, 20X 2ifEERT LT, MOTFHR~NFOBRERDONOR T HI3HTH » 2. AEph X
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wbo 8H2ADL 8 AB AT THERN . DHHHFBDONE . T OREOHRR 60//sec T L
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Fig. 23. Propagation time and runoff rates of ABFHOIZE W THEA 60 /sec X BAIHD
coloured gravels in Hirudani. HEIRLBADOKBEOMEY R LD

ThHb. FAPOHBE3MOMEROL—S
FRLTHD, BRWOKHLO -7 P IHATRDN, Z0Y—7 2 ERTIHEROERAOTHTEH
L, WTEEENSH 700m THBZ Ehb, #1320cm/hr LEEIND, RO -7 EHERT LHEED
OHEFRYICHMTH N~ L, ZoROFEYKBHEERH 180cm/hr £ %2, HFEPORZOWMEE
Mz #36 M %#B L THORFZELTW2, £OMOFELFHHEERY 80 cm/hr T, H O 2 20HKBO
HLEARHKBE LT VBRI EWERTH 2, L L, SRRDOKHERILAKEBONTZHBIZIELTWD
TEMERINS,

ki, 19760 9 BB OAENHE Lk, BEALLRHHI 2L, ANAEIRSTHEL
PNnEOHEBBIAHSED Tl 150m fHELLDHE D EATHER N,

1977811, BEDORABBRROIKI 4 A16ARRKELTAL IR bhb LT, HaPoFHBRI %
{, ZOHHRBRRESHEROLIBRIAZEL T EV. 2O EERNFEDP LEBBBRBLTE E>T
ZEERRLTWRIDEELLN S,

Zof, BEPIZOBRBIEEL T, FRORBEHE LER, XRGoARNTERINTHIEO
FELRRERO TR, 1977 4 B16AOHKTAREL VH 250m (e A/ HNEC 450 m) FikE
T, 5SH2ZHOHKTH 400m Ttz <, 8 H9 HOMATH 500m Fiid CHiL <%, —4, 8H9
HIiZZBE, AEA»LH 0mTRE CORMIIBAKER M EL 2D, XRPOHMBI NN &N
BRI OOBRBOL S KTHRNER LTI L BADLN L,

UEDX 2ol erET 27201, Fig 28 B3 LJ%, ILREABOHHRELZATL L),
19764E 6 A 30 H ICHMEDAEA S NI K ITRFEADD Y, HFICOTHTRD 248, HEPDIEAINS
L RBRRJIFTENKE LT3, 20L 20X IHRITAHEETHI5/sec, FNHPOTOHBEKT71/



EH - & - RE LR 0 3k & LS () 481

sec THBDORET HHBEBL TR Do TOBK, EABHONENOEEBIEbNS 7 AI13HET, —
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Kifid 1941/sec) Tdvphbb T, HOBOKBRIERCI RV, Mk L BCDOBRMOLERBED
N207 A21HD K (RKKEE 1361/sec) T, ZOHAKRIZITZHRBEOEMIIE{HE L THEARDD
WD LN Z L1, ZOHKOHITANAEOBAMEE THEARHIRLTETWIILERTD
DTHHHo

ALz, F2o0ECHOHEMART AT DRKRIKSR 136!/sec *#B%2 58 A 7 HoMA (RAHE 1421/
sec) Lo TerBHORKELTE TS, Z20RORROEBVOREE, 2HIK8HATHORKN
BEBL59PB9HOHA (BAKR 171/sec) DFHEREI K> THDR TV,
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H16H8 o Kk (RAMR 385//sec) HhORMBIZH 22 TOFEHNE 20cm/hr, 582 BoHk GRKiER
110//sec) OEEHD FEH ¥ 60cm/hr, 7TH11AH H 8 B9 HOWK (XA 911/sec) DFHAOFHHY
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Fig. 24. An example of the measurement of the rainfall, and the discharge of water and sediment at
Hirudani station.
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eArAHOTHEADHNEORE & & 3 ITEH
°r N QLM Figs. 24 B LU 25 1TRF
£ L Lt b ThHb, Fig. 2412197764 A 16 HOW
%‘s} KITE S 2 LB ORE LR L T b
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I Lo ACib, BRHTICEAT bR 100 /sec
— — 8L TVD. KpHAD LN ORI, WA
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Fig. 25. An example of the measurement of the OFNR, FRENR1~2BHBEZD LT
rair-lfall, and .thc di-schal'rge of water and whe L0 EMD, BN EDONBE
sediment at Hirudani station.
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