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RUNOFF PROCESS, SEDIMENT YIELD AND TRANSPORT
IN A MOUNTAIN WATERSHED (9)

By Kazuo ASHIDA, Tamotsu TAKAHASHI and Toyoaki SAWADA

Synopsis

Observational studies of the runoff process, sediment yield and transport have been carried out
in a mountain basin, Ashiaraidani (7.2 Km?), which is a tributary of the Jintsu River in Gifu
Prefecture, Japan.

In the Hirudani experimental basin, which is one small tributary in the Ashiaraidani, the
process and mechanism of sediment transport on the stream channel with sequential falls and
pools were considered by means of the petorological and grain-size classification of transported
gravels in reference to the geological distribution in the basin, and the relationships between flow
rate and sediment discharge.

In the Ashiaraidani experimental basin, transport of gravels on the channel during a flood
was investigated taking notice of the difference in the grain-size distributions in armoured bed and
debris flow deposits. The mechanism of occurrence and behavior of debris flow were analyzed by
the river bed variation before and after the passage of it and the concept of water balance.
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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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Fig. 2. The hydrograph of flood at Fukadani and Kurodani station.
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Fig. 3. The hydrograph of flood at Fukadani station.
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concentration of fine sediment (Cy).
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Fig. 12. 1979.6.7. Flood in Hirudani.
Q: Discharge, R: Rainfall, C: Conductance.
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Fig. 13. An example of the measurement of the rainfall (R), the discharge of water (@) and
sediment (Q,), rate of painted gravels (Q;,), and grain-size of sediment (dy).
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Fig. 14. An example of the measurement of the Fig. 15. Sediment storage variation in every 20 m
rainfall (R), the discharge of water (Q) on the course of the Hirudani stream
and sediment (Q,), and grain-size of channel.

sediment (d,,).

B R No. 6 DFiRE, ik Q HPRE Q BLNHEDDOFERE do RerBFHORKBIZbDTH S,
Fro, RUFREZEFED FMNHAKR»SHREZNLOD) X4 250 e B EROZNNAWBOARNF K
(Fig. 15 @ No. 32 #15) WHAZhA DT, ZOHME Q., HEKPRICHITIERTAIBTRI O
T3,

—%, SRBEKBTZ e BERNOFKERORBIX, Fig. 15 1KRT&5 1T, 6 208 OHKIiCE W
T, THBOMKIIIDESIZLALELRL, BRI SHEM L 22BBOEDO BRI PREIC LHAEEL
Tnin,

Fig. 13 it T, 1.0g/sec Ll LOWHBHBRETZDI, WRAH 1201/sec iKEL TS5 T, RPRD
E—- 7 RHEY -7 it LTH3IHEOBh L > TREL Ty 5, HRtDoNBRIEDEOBN LR
HICRESZ->TEBY, REVBRYTHCONTHELNI S 23RBSO ND, HPRIZ5~6 BEO
FAMITEB L 245, REBOBDL L DL R5Y, BUKRSEMT 2 LRBICHEDRELHML, C
OBEETRHEEY -2 It 2HBRC - 270 BhRIELALZDONE N,

EREDBORHIIBEMICEHZEL - PBIOHW2HREENTHE-> TWaH, Z0EBhi3, HEAPBRENIC
BHASKEHZEL DRI LEPOBBXRB LA EREZbDTHA5, b, BEDEE, KNFE
ICHAS, 4 A0ADHKIZK - TBEIL, BAMEXD#H 150m FHIGEL 224, ZOBOHKIINEL
CORBET6 HOBDOHKELPZ LD LEEZ OIS,

PEERLD, EABRRNCBII2DBOBEIZI eV EHOOHERNSY 50]/sec £BAL 5 LHBI N T3,
A, eArBHARBWCTLERHEHEBERDSNZDR, Ehdb o5 BEETH D, Fig 15 iRTREKER
BOrOPBBEBZHE LD LTHE, TOBARHSICHITE, 3o, HFLBOKHOBNROE
BIhb,

%72, Fig BRBWT, HBH—BHHIK50)/sec UT E%Z-> TOETORVESHFEET ST L1, &
FRICHEBS+AFET I L, BLUDBOBLRARBENFBHBRARANL D DR VNI L
k26D THA9., THIHO THEDISHURENBNT 2 L, HPRLFMT 524, TOMBMKES
BN 3ITbhb 5T, 20~100 g/sec DT, 2IF—ETH 5. 7H 3 HOI9RLIEIL, FEEA 1501/ sec



P - B - R LRI o B ik & iR ©) 405

UETHBicdbhbb o3, bt 1l0g/sec LD FEALBEHAINEZN, LHL, Fig. 15 itR3N3
7 H20A DFEKHEDRBES S L, No. 7 REL Y LROFAKIKE OBBHBER L T3 LbdD,
7TH3HOHAKBWTOHRABORMERETH -2 bDEEL SN B, DFD, THIHOKALENT
No.7 RIS& Y LB+ A BDRBERL T 2 icdbhbb o, #1 150]/sec 2BALAMBTHPHREL
THERL EBRBEOME R -7. 2T, Fig. 12 KB WT, 7H3 BOLEBHES L S THRENEDHK
BEHTHBE, BiEIIH 401 /sec THEIIH 170]/sec L HBOENEFRRENI L DD B, ZDX
S, RNFABEBAT, FREANORBOHMIER CEHETHY, FINCE - COHBIMBHRPIC
EZ 288 % ZRT 5 56ENS 5, Fig. 16 37 BUHO e vANIKE T3 HBAFTH 3. CORPS D
Bohrtkdic, No 10 K& ) aMKKBROBNEADohBH, L) AEAME7 A3 HORLIT
BWTHRVIDbD ETHhE, e A BFHODOHERMY 1701/sec THER bbb 5T No. 7 K& b
FOHBEDBOBHBALTORBIEY LcbDLEL LIS,

kB, OS5 2HKOBER e BRATHRBIL AT 208E 288 L T, No. 10 #54E 0
SANFE KT AT RKHRIOHKT2bDLEEL S,

¥7-, Fig. 14 118 A21A B L F22HO KR X 2 LDHEHERLbDTH B4, COWALENTH,
Ao KR Fig. 15 CRTL ) KPROERSB A THI2L b OT, HPREEIIZV, LbL,
8 A22HD 7THERAMCESROIWEHEESSY, COBIOEMIREL - ZOBRORRKERIIH
1.7m%/sec T, A)NHBOHIEZ Fig. 15 ® No. 7 A THEBA L2 58 2m L#EESh, ZZiL, TO
ED R EARE 1/20, BEIERERY 0.2 L Thid, COMADKEIRZ033m L% 3,

—%, BADBIE U3 FERBROBRBENL
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£ T
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Fig. 16. Distribution of water discharge on Fig. 17. Relation between flow rates and

the course of the Hirudani stream
channel.
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¥, BPETREECZOBERIEL k->Tn3, 20X 2HAREROBUERIOVWTIRADONTE
Y, ABERNOMELHET B 7 - by a— ORDEBIE > TRUTE S, KAIKBVT, COM
Bt nwTERLLS,

43 SMECHFIPROFTLAER

WBO LB, eARANOMERZBEOHKTRYEEEINE WS- kv a— FEREIDESHS
BERORKE %o TED, LEZNHSIDES 2B RS W DBE, F—Ar BB L5 TR
LHEINTVE, e ABHOTHEMINZHPE, COXI 27~ BBLCELDDT, F—rOH
HOEBDERE F RS NI DROBEENCE L TREINTEL D TH S, 20T, HRPBNRK
BHEL, TRBAEORPDICROIBABRELEL TR
LEZONARBHUBEMOKE R F—ritBWT, Bk
D 7~ HORBIAR ©KTROBA %4 - 720 Fig. 18 L\
BREMNBTbIh S~V OEEBRERLLSDT, TO A
F—ADEIRH2m, BRIN1ImTH3, i, -

12 50~60cm DERICK > THRIhTH Y, HkidH S

50em OEEE b TS IHEF LT B, &5, Kb T ey

DORRTTRS W 2BEBROYKITE W THRET KB L Fig. 18. Plan of the surveyed pool on the
AnbOT, KNOHEBDOKREL A 56 F—-NMILA-T, Hirudani stream channel.

B ofOmrskhilil Twd. 7—rHDKEE & H#ED
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BOBRFERBWTITbN. 28, F—ANOETRRMFERPESEHETHD, FTHELD#H 50cm
TP SREERIBL T35,
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55, COBKROHEIR T >ORBMITE > THFHMICTbhTWAH, Fig 19 TRMEADRIZHFLTH
BE 2B EOKE « EBDBRERL T3, &5, TOBRBIRMICK - TRES BB LR%L, BiE
—BAEASED SN TVE, F—AHOKIER, Fig. 19 iItdwt, £#L L7 -2 HOOFEKDR 5K
BETt H AKREE T Z, L vhid, (H+Z)) TEDLTEHTES,

A%, HPoKE Q RUEHMNORZKER, KPE Q@ RerBHAORPRTROMERILTO
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Fig. 19. The profile variation of bed and water surface on the surveyed pool.
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Fig. 17 Qe A HOTHAE WA KB L KPBROBRERL 2 DT, 6 A298 5308 ETORPE
BHEHHE EONEHRERERTY, ThUZOLORKRLOBRICESDENZBONEHTH
3, MBOEHIZ, erBHOOKE, F-rOKE (F—-rOl0), BLUKEFEICET 5 Fig. 19
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ZOMIR A~ HNOBRKBDRERTOOEELLNS, &8, HBEKBELT, F7~rHNOWIEY 08m,
HROTEER®EY 03cm & L. 36K, CITRZO—ADoOKBRLE erBHOTHUE AR
BRIEBOBHOBAL AL ELVWBDELTWVS, LL, KENRIHES X UHDERE L KXE
BINTEY, COXIEF—-1OHIERMNCBNTHREELHETICLEIERETH S,

UEDESiT, 7—nbva—thoh3ABEBTIHEDEROEEIIE, RROKDERLZOETHE
BT3B HBTH-T, 7—VAOHEDEB L ERT I LBBLBETH S, €T, F—rHOBBD
BE L HBDEREBEOMIT B LILE 2T, SV HORBDEEICOWT, UTF, EFo&kH LTI,

44 FET-ACHBIIHDEESRDROTF
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ZDEH BT VOER, DROKES XUCRERBR S WIKBRHBECLLETAT, eArBXRNOFEEH
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Fig. 20. Experimental flume.
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Fig. 21. 'Transporting process at the pool.

IC—H I, BAEHEIIL 33~340 cm®/sec OFEHHT, FEMFHITFEHE 1.06mm O LEMNE— 2B %
AntTns,

Fig. 20 RS EBRKEICB I A2ZROBE, 7~ HOPDBOEHLEL L € Fig. 21 ITRTLI%H
BOBFENBEDON. HR1IZ, FTRIRGFERE ICHEL, FEKDPOWBL KRS ICE & L0 2 EHHH
ECHo-T, 7—rOHPTHROBOEITH S, BRI 3, RSS2 LF o hPRBERL, KH
ELTCTHABOBNLE > TZO—BHER NI ~NHH L, BOOPDBIUBLTHEEREL T3,
ZOHTRPBOKFREAIGES T OERALFE LT3, ¥/, COPBRER I THETRKRO %
A LItk - TRBAIH, {HOTHBBHET A LItk > THRAORMHHEFGODRIEEL T, BUR
BRI icb &3, B I ClER I » ol LB « MRS h TREZHRESERS h
Twnd, &k, COXH AWBOESICHET 3B8EEE S~ vOARBHARTH 2201, ERITIZH4HiIC
RELEZVEELD 5,

3oL, F—VHOHEBHERL - b oiiliT 2 LB WO DI 5cHic, Tablel TRT LI %

Table 1. Kind of experiments.

9st D, U, Dy, + U N : i 4h by
Gase | (cmefs) | (glsem) | (em) | (emfy) | (em) | (emjy) | MO0 O o) } (em)
A-1 33 0 031 : 107 | 0.226 146 | 0829 | 0921 | 160 | 1.40
A-2 79 0 0.72 110 | 0543 | 146 | 0.819 | 0.899 | 240 ' 2.20
A-3 167 0 1.43 117 | 1150 | 145 | 0.788 | 0.883 | 405 | 3.60
A4 338 0 3.15 107 | 2.160 | 156 | 0.719 & 0819 | 7.27 | 7.45
A-5 251 0 2.10 120 | 1.720 | 146 | 0755 | 0.848 | 5.11 5.12
A-6 87 0 0.92 946 | 0.645 | 135 | 0866 | 0899 | 3.08 | 2.3
A-7 131 0 132 : 995 0964 | 136 | 0.829 | 0906 | 371 | 3.2
A-8 200 0 1.69 119 | 1400 | 143 | 0819 | 0.866 | 4.89 | 5.12
B-1 165 1.08 1.37 121 1.110 148 | 0.766 | 0.839 | 3.76 | 3.47
B-2 78 1.08 | 077 101 | 0550 | 141 , 0.809 | 0.875 | 2.40 | 2.36
B-3 251 1.08 | 2.04 123 | 1730 | 145 | 0.766 | 0857 | 539 | 6.12
B4 174 1.92 1.51 116 | 1170 | 149 | 0777 | 0848 | 3.21 3.62
B-5 174 | 057 1.46 119 | 1.160 | 150 | 0.777 | 0839 | 3.38 | 4.04
C | 18I | 0 | LiI 181 | 0900 | 146 | 0.788 | 0.848 ; 4.30 | 3.80
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Fig. 22. Variation in sediment profile at the pool. Fig. 23. Relation between dimensionless rate of
(a) Erosion process, (b) Sedimentation sediment transport and flow intensity.
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Fig. 24. Relation between Z, and V. Fig. 25. Relation between flow rates (Q), sediment
discharges (@) and empty volume of pool
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