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Fig. 1-1.  Comparison between water flow and sediment movement
in a river basin. The abscissa indicates the time
scale and the ordinate shows the distance.
Consequently, the inclination of each line means the
the velocity of the moving material.
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5, ML & EHMNOBAER, FKBHBERIEREL 2->TH), FELERETSIC
Hleo T TESHEYBEMOMSRE L IHIC L, BICEMOBESIZER & &R (cause
and effect), T2 HhLHBEDOLEHI Y EBERTIILITHRLEETH D, BRIH: (time span)
RESNTORZVAERER, LE2IBo-BRL2MSTEE 2L EZ 55,

29 LR OEEM IOV THHFEOIH A 5, Schumm™ ZBBRE v Z L 45 %
BTV B, i, Geologic (WIFEMY), Graded (E#ify), Steady (EHM) LWV IZDD
time span % 3XE L, WEHEEL 2 OMBEFOMSL - 28 (independent - dependent )
PR A =FED time span DL D TED LIBT3 2 2 EBF &2 ST TR TVE, £K-1.1H
FOHNBEERLALDT, Geologic time (3 10° £ (AHE)* — ¥ —, Graded time (3 10° F
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;1.1 BRI FUIREH  (Schumm, 1971)
Table 1-1. River Variables During Time Spans (Schumm, 1971)

Status of variables

Variables during designated time spans
Geologic Graded Steady
1) Time (stage) I N.R. N.R.
2) Initial relief I N.R. N.R.
3) Geology (lithology, structure) I I |
4) Paleoclimate I I I
5) Paleohydrology D I |
6) Relief or volume of system above baselevel D I I
7) Valley dimensions (width, depth, slope) D I I
8) Climate (mean ppt, temp., seasonality) X I I
9) Vegetation (type and density) X I 1
10) Hydrology (mean discharge of water and sediment) X I I
11) Channel morphology X D I
12) Observed Qw Qs (reflecting meteorological events) X X D
13) Hydraulics of flow X X D
I =independent N.R.=not relevant D =dependent X =indeterminate
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Fig. 1-2. Characteristics of time series depending on time spans of measurement.
Measurement interval is assumed to be 1/20 of the surveying period.
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RBroTLALEr6n3ZLh6, —RAEMINZEVT EEOAEMM (40m, 100m) %
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XEERHEE | xERBUBAIR & N BROBKIE L HE s h 3 REIE, EBRICIEx F£LUT
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x FIREEKR | x EREEIZ &> TRS W 3REE AT,
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E—1.3 GKHEERHENER
a: {8, b: xSEFEEIE, o WiAKIE, d: 1K,
e xIEHERGHE, a':TIEK, b xEEREAE, o : FOKBEEE
Fig. 1-3. Definition of terminology on riverbed.
a: river width, b: flow width aged x year,
¢: stream width, d: sediment aged 1 year,
e: sediment aged x years, a’:riverbed,
b’:chanel bed aged x years, c':stream chanel bed
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Fig. 1-5. Basins of the Furano River and the Nukkakushi-furano River.
Both rivers are typical volcanic torrents which rise in Mt. Tokachi.
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Fig. 1-6. Basins of the Usubetsu River and the Ogawa River, which
are made of volcanic and sedimentary rocks of the Neogene

period, with the Quaternary lava distributed in some parts.
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The Saru River basin which is mostly made up of sedimentary
rocks including metamorphic rocks of the Cretaceous, with

sedimentary rocks of the Tertiary distributed in the riversides
of the lower reaches.

Fig. 1-7.
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Fig. 2-1. Cross-sectional view of sediment in the Saru River. Sediment forms
the stepped shape corresponding to the ages.
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Fig. 2-2. Comparison between torrential and placid rivers
in terms of the shape of riverbed, vegetation on the
sediment and particle size of sediment.
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Fig. 2-3.
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Three different shapes of riverbed

(a) Stable channel, of which channel banks
are stabilized with relatively old
trees.

(b) Divergent channel, which is observed in
wide sections of riverbed and junctions
of tributaries.

(¢) Fixed channel, in which a few deposits
exist in a deepgully, and most of them
being occupied by young trees.

The numbers in the figure shows the ages

of sediment.
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PRRIIRET S H, TBORASI L, REDE—FRBOL TCHABIESZ 2L HFTx 3 XA
TREERBEFRES 5. BRI, RBEBIBOBRMELBALEL TWIRBOMAH &
LTERTE 3,

’
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Hokke - no -Taki
N

B—2.4 XyA2275 /01854 ERBMOBR

W IR0EEE, M: PRIES, N kAess

Fig. 2-4. Investigated area of Nukkakushi-furano River which is located
in the upper reach of No. 1 check dam.

W : wide section, M : middle section, N : narrow section.

X—2.5
Fig. 2-5.

R FZEE (No.1, 7, 10) i BT 3 R EMTHEE BIRR

Deformation of the representative measured lines (No. 1,7, 10)
from 1972 to 1982.
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FIR HEIHOFRIPHOMH

1. HHEHOTUASE

AR B 3 EROMBII £ OB CHRES K 55, REBMEHEHZEM (Storage) %
X-3.1 2R L 720 EEDFT 7Y (debris) 12 & 2HBREAE I YRM LB OMENNEE, A
AENMEICERT 380 TH 5, REKHEICE) LEHRIE, ERBOIMERTIEIZ (R
BIN3ATHRBIIAPICONTRNEL B 5, ZhiE, EFRETIIMIEIIA U TR
B (B, EA, FA%E) FHEMICKEV2DT, TBROEEFWERDEOBARN L ESER
EAESR, THERICRRO Y L (BELLT W, Zhizn L TFRE T, MiF, wmRicx
L THAHNCTTR R AV NS K 2 3 2%, WRMBOEAIZ X IMBABIRELIZ WV, 7
L TORA3RADOHEICHL TH EFHCIIME LI L T 3F 2 L BET 32, Tk
TIFA L RHH THRBBISEEL TLEHEI £V, WIBHFIZ &> TR Eh 38RO L
WEEEME L TE, ETFHE WERIIESS, WG, WIS AEETH 5, WK
WSS, WNARE TCIIRR KR - FABEOZM LB L) LHHICEHBEL LT, F
P2 HFE TR ATBCREF R ICEE Sh T uan, ABREAITEBEEL LTV,

HE, WAL h3HBEEIHORIE, RICB-HEEROZMERIIL>TEASH
2rEILNS, 22T, MENZEHERIIIE> TRESh 3 PIHBEE %55, BEN
o -AEIC LT, HEEHE Y HETDEORICHR 2 HEMARDSNEZ L2 50, &
BB T2 3 IPORITERRICL-> TELTIEHFTESZLEL S,
2. HEMMBOERIH

SEOHETHRIIITERRICE> TRESh3LEZSNS Y, ZOERSHE,
08 - TIEEE - ROESEORARTRDLT I LIZBL {, KBRS X CEEOIBBHRK
RMELAERLEZTNES 52V, BEAKAIZA S h 3 Hi#EHIE, BEOHEKITE > THER
ShBEEF CRELTVZLOT, BROWKEHIHL CBEMNER LT, ) LTEELE
Weh 3, N-3TRNA2EI, FHOSFEREBLEER T IEXMIIEVTR, BETS
HEOERFIFELRE > TVW5, 22T, BREF/IIC SV THE S W 2B BOHRBE
KRS AHEBORHBB TEDLTE M-3.20L312%53, 2T, WBOHKMNIILHEES
10062 LT ELLTWVE, 2hitkd e, 3XME bRFMIZIE EHITOMED LREERL
TWw3H, LROMER, HROELEDETRE>THY, ZOBVHIHEMSTHORE LT
LTw3,

HEERBEMTCIRISEMEICERAK ) 50, ERGHFEZOLRSFT 52 &
TE 5, LERBEEIE, BRBOICLEELAWRE SR T 3 15EL Lo BAEDRRK
HEHIC ST 3 2L TE, ZhHAERSHHBOERAL LTHRNbDLEELISN S,
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Storage formed by
large debris

Storage formed by
river channel morphology

sediment deposition behind
large woody debris

sediment deposition behind

boulders
junction of tributaries
B—3.1 HHEBoOMENEE
Fig. 3-1. Typical storages observed in the river. Left side shows the small

storages which are formed by structures of large debris, and
right side shows the large storages determined topographically.
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Fig. 3-2.

Age of Sediment

RETIE & HEHOBER 576

a KERES, b EBFH, o ERHER

the three types of riverbed.

a: Stable channel, b: Divergent channel,

Differences in cumulative curves of sediment volume for

¢ : Fixed channel
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T b HEALDFRNT VS LI 12, KEEL EHBHIC L VRS h -SRI TFREER 5
E<, MNEAEOBSITERIBMAE V2D LAERSHADLESE IR S h 2L E2
5N 3, 15EUT OB EHIMMICIIT 3ERDIEH 30% BE CHEITHHmERL TVWBE I & H
SHEL T, BEOBYHAIBEL LoREL 2#HEICER s h, B—RBATRTT32
LATEBNREBHTHELEZ 5,

FHRBXE T, RHBBICEELTHSEA ST, 2BMIBLLr 2 LR LHITR
BRBIEDWTWV3, Zhid, EVWERSLSHVER T CORMBHFEDTFHEXMICHWT
ZRBIIAHLTVE 0T, REOUHEHORETHELEILNS, Thbb, BiklEO
BRVBARO L ICHBAIEEIIBRE T 5720, HOEROEBHOZREE & 3 L WERDHEK
WOHRE FRIVBELEZ>TWEIDTH 3,

EERBEEECIE, RHEBREIECERTRRC LR L, 5EMETT TIIIEIT s Mm»
Boo5hd, B[ETHSNAFMERELERBI IS ZhERUERIZE30T, 22T
BREMKE D 8m EMLICAT v 7HAEK S K TV, ZOXBIIMBEARBEICH- KX
T, HEBATERENTL T CIZRAL TLE D 1o, AKRICHEET IR EVERT
HOLNTWELELILNS, DY, IRBHIERIEZ 3R THEMICA S hZER
FHTH3, UEIEOMEBHWHERL EROIG L BT 5L, BEIHELIEELTWE 2L
AEAMRIC L B, REETEIR & HABER DAL, KRB I 2 2RISR & BRERTH 3
tEZoN, BHBROFBIIBFMBRICRBL, 220X EERTH 3,

FRTRE L FRR CHFMOER S B2 5 TRROES T BB OB T2 2 &

100% T
c
2
©
S 50
E A
5 B
/ o—o Furano R. 1
;/ ~—-=2 Qgawa R. .
1 1 1 1 I [ i L L
o 50 100yr

Age of Sediment
B—3.3 EREN - MINCET 3HMER S0 Rt

Fig. 3-3. Comparison of cumulative curves of sediment volume between
the Furano River and the Ogawa River.
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BAEETH B, BRI 11.7~16.2 km (4.5 km [X ) & /M 0~5.0 km(5. OkmX ) 37l e R £
PRy LK IE, W82 EOMIIMBERAI L TY 25, #EBOFERGHII»Lr2VEL
2TW3, WE, Thb 2HBOHMBHMERIHB I >V TREER 2 M-3.3 1284k, ER
)N B WER OB ATENICIAL T 5720, REFHMBIIIBIZERLTC
WCEIT MM AR T, ZHISx U TNINE, 50 F 582 5 i HERM G RN O 4 1ICBRER &
h37zn, RHGIERTIN SXTERLHIZERT 5,

WHEDZ I LEERGHOB VI, TREERAS L CWMKRROEBIZEED 32 L5
T&3, 1-3TR~NAELI I, ERFIOEESICITAUEDO BB SH Y, F4AEBD
T EE S HAENIZRAL TWS, ZORHDIERICRE SN 5 KB, BRROTREE
BZRBTHIEL T 3OPBHIITH 5, PMITIE, MROLBIMES S OMT <) RS
ko THBR SN 3 FBIIZIE D 2 K, FABAKRO—HXE TCIE AP 52 57—~}
PEREN T3, ZO&) CHBRBOERSHAIIWBIC & 2 LHEE - BHRIOFR L
FbLLTHY, FHOFBLVRHLELITE ) ZLEWEETH S, ThIZDVTIE, KE
TEHELIBNREZZ EIZT 3,

3. MEEerm

R ER DB O REEESY, X-3.2, 3.3i1ca50n3 &k 1B LT LA ICARO L
FERA O BEAIE, BRSSP ZOBOHAKIC & > TIRRFIFNZR 4 T L 213
57-HThHBLEIONDS, T4bb, BEERINZHECHEEMIZ CBREL T 3 HEEMIE
BHEERLE VS, HFVERIILZICLONTHBEIBDT 5, 22T, ZOEPHEHmEIE
MK TEMTE 3 ET 5L, Z0RitEEI,

M) = Mo [ 1 — exp(—bt)] (1)
lim  pMa = M, 2)

TROTIEHTES, 22T, t HHEMOFEN, M) HEHOELNR L ¢ £LITORIHER
TR, M, : RO LREARTAEOEHER (Capacity) , b EMTREIBBOMHE &
kT 5,

Bolin & Rodhe” |%, Eriksson'® 2’ = ERZIHBOMS 2 RBS /2, ZZTIRES A
WAL 7RO E A2 (age distribution function of sediment) $ () 2> T B§ +
B53ZEI2T 3, ZZTHE ¥1)IE

dM(3)

gy (3)

1.
Wt)_Mo

fw»azl @
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TEEEN S,
M) L [EBRIZ F()12B L T Bolin & Rodhe (3Z:88 L7012 83 3 FR 5 /BIE (age distri-
bution function of scoured mass) ¢#(t) Z XKD L I IZERL =,

Jim F@) = F, (5)
b= 5 - - )
S: $t) dit=1 (7

ZZT, F:MEKICEWT HEUTOMBMERL T3 L0 ) sEMICHELT 2 BOEH,
Fold PR+ 2 B2 B0k ¥ 3,

wiE, ERGBOEEELZREL 235G, —EHHAADOHKAR (input volume) &iiHE
(output volume) DRIz HWMA RN 2T NEL S E Vv, 22 TiE, ZOWMA - RHBIF, T
FhENTWw3, “Reservoir Theory” ZWKIZH T A3 LHOEHICERL 72384, Fo XK
FEHIE- TEMICHEEL LIBT3 B 28KT 59, Eriksson® 3IERGHBOEEM S
REFTZ3ZEI2ED, M) & FO) ORIRDOBMEH N/,

dM(t)
di

Zhi, FMED EORBMOEMYVRAES I DR (ED) S, FMtFI2 51
O TR (EDIZE->THESNEThIEZ 52 VI L 2BKRT 2, 8% ¢t TRSL,
B RIRAT I LIzED @) & (1) & DOBIRRA

Fo— F@) = Moyp(t) =

(8)

Mo | _dgp)
FO dt (9)

AR % 3, Bolin & Rodhe? % “turn-over time” (k) %

$) = —

M,
to =
F. 10
LTERL, residence time (average transii time) %
="y o o)

EEBL, RRTIE tr % “PHHEEEE" R LI, I THEEEE L, HHK
WABEENTHSHBT 2 COBBIZERL, RO or IHMMOTHESGS R+
T h B, HHIRE5IT, EEMOLETIR i tr FE LWL EO)R F W THENIZ
FEBHL 7=,
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lim F(t) = 0 % 8) XIZfAAT 5 &
F) = Mo (9 (0) — @] 12

HEEN B, 2 I CHIEERSHORFHER MO #* (DRIZE-> TERT 32 #TES L
T3k, F@), Fo, tr i 3ROES12FDLTZEHTE 3,

F() = Mpb[ 1 — exp(—bi)] 13
Fo — Mgb (14
tr =1/b {15

LEROFHEBRT 3112, HBEBERIMOEEELZIRET 32D DFRMAIIOVTHRET
LadhiEsshv, M-2 TRULZEIIE, BERBXBO L) 2B8EOKRBRE - RENWER
B> TREBOTHADEHEML 2K TIE, Mo BB T ESNELERT 20, £
BOEEELRE L 2BITETE L2V, —F, FHRBXEIZS SNk & ) ICHKBESNHHE
IZREL, ZhiZe i) BuHitbokiE, HALBOHEI L THRVIESh 3RE T,
M) BRI ERA S BN ERL, ERIBOEFEREEZRET 2L FTRETH 3, KRTIET
¥A3 0 ENEORBXEAME L, BEMOERBITEZITE) &Lk,

SIS ERDAHERLAZBERFNEAMNNCELTER L, (DR E@mANIOE
ROMIBAT 5720103, ML bfA2RELLZTNIZS BV, FFRIZEWT M, fli,
B km BV OKRHEERICZD 1% 5 M2 -EBBEL, MEIRDEREICLVREL 2, 14,

E
:EMO_—- ——————————— —_——
b=
< 2L ° °
1]
£
2 R
g o]
2 b
_‘_;3 M(t) = Mo[1—exp(-bt)]
3t
3
© 1 1 1 i
0 10 20 30 40
Age (yr)

B—3.4 ERFIIZHT3MeE &

Fig. 3-4. M() curve for the Furano River. M; in the ordinate
shows the limit of sediment volume which can be stored
in riverbed per unit length.
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X2 5B5 225912, FMERLIDR(F)IIMiEE bEIck-> TRES O, FHBE
B(r) i3 bk > THRES NS, 29 LTRD-ERIFNOMG)BEROH % K-3.4 12RL,
19, (ORIRAL TRD 5 M- FEHIBEER (Fo) & PEEBREM (ir) 2 £-3. 1128 L7z Mo
WA E 26, 000m*km BT TH B D123t L T, ERENO M) sz HwER e b
AT 32-0bHIEAEL, BEOIWANDFo& triZi3RE2EFBOSNE, EBRBFIIC
B HEMERBRIE, MoK 2SETPHOHRRMIIE-TIINLY3TH S, FHIRERI
THBHORELERDL L, FHHESMIEE2ZbLTLEL LN, BERFINI/MINZ 5
THBIMAREL THBHEEIIRETAFRTH B2 L E2RL T A,

B3 1 ERFIN-/MNCHT 3ERREER - PHS@EeE00 kg
Table 3-1. Rates of erosion and residence times for the Furano
River and the Ogawa River.

Ri Capacity Erosion rate Residence time
ver Mo (m®/km) Fo (m®/m-year) tr (year)
Furano River 25, 840 2, 540 10
Ogawa River 26, 540 990 27

EVR AKEMOXHYM

1. TRBEORKYE

WK E L CHIS h 21058, i, RibHE, BEH®EIMN) 2 L, W5 & OBERE TR
Iz, FRATEY 2 MR L PRI ATE U, MRS L I SRITMICIRD & 5 2R RT3 b
DTH3, ThEIIHBERIZ &> C/MBNKERES L UPRBTRER A TXST 3
WEDH 5, PMRENREEE I3, E& L THIABEBACADR I CXRENVEL5 25007, 8
M, WM, REHE, 5 IOBBWEK, PR ChIZH S, PRENKREREIFEE LK
BREXENZHELEL L0 TRBENH T 5N 3, BEILEHRLUT TR (sand wave)
EMHIR, BOKBIZERE N A BRIEENC & D TRIICEET 3 2 L TR, 7 OREME, E
RMIPT 2 HREE L U CHERIRIEIC BT 3TRBREIRE LTRE L ZHIZHLT, 2
ZTRB L 5 R BB e - RO B BRI EME L L TB& ST SR, £ L
TUBFHEANNIZEWTER S h-FIA ${, RERERBIZOVTIZES T4 W, ZDk,
BHED L ZAMRK L BROLHBHE IXH L THLZTAEZ 520, BMEE &R -
HRIE > THEUZWKEDEATH 3L L, HEILMEL TV L EL 3 HPRETHS .

FWMIZHT S LRBHOBRYE & 13, —BKERC SR L MBS TR ICE Y- TREIC
HBE L (LEHZEN), Lo il RS RFINIR)E s h3 GRS EN) B 4 &%
T35, BRI BHEEHROWKE » SBRTIZELVERT 32 L 38U <, —BmIci3E
AKRETROREENTRIRIC L SWREHRIC L > THRER 3, 202D, AREIZL 5XTER
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HPNI DL, REBBSIEL TRRAFEAEBASATOLRVOFRIRTS 3, RN
TRBHEL THREEsAFE LT, BERL, Tk EIT 3 2 00BEHKE, - 2%
FHERROBERZFICLVBEMIIBNTVEIHDOTII L, HREEBEX2 /588
BBZEEXHEL TOE-BRFEMINI OV TRBTRBARB 2B AR5 h, F—&HF
THBL 2 BRIIRESHh, RBEN 2, BREEAHRELTHY iz RANIC
RIERBEOD L ) 2R D By EBNTVE,

B RFRINCE T 2WREHHEER LD, R HEBOXERLRL, HEXE
LB AWK TRICE A, > TBITL TWAZ L IKEAL TWw5, 12 - AE? I ¥EFI
OMEZEICEFEL KR L B L 2R, EROHKED I REZERO AN LB L, &
ROMEE (325 BBREIIESCEDTHA)) DEELAZBDE L TEBETESLITH
BEBNTWVE, &5IIHA VINERNIBEHOMEN - RO EE L2 EER, BHith
EENLE OMETRL 2. BB 6 VIINBNTEY 2 il FOBF L LTIRL, A7 MU
BT, NEEES L VMIERA TV S,

BRI BRBORRICHL THETEX 3EBRIIRZBRZIA TV EVWY, Zhi TOF
KDL MBI L OBEME 2 CRBL Tw 3, IEHEO%R S22/ RKR S h i
MERMI BT 2MERRL LTRB L 20120, SROTEBENSIESE 2 & Z2/m
HETE LB U IRFREEINZ SO THIROMEELR» 5 BshTw3, 1
BTHLBNA L), BAHE  BBFEORVIEL > ABEALPSE—DARRR L BET
BT EIIDLHY, BRHEA - BRWA r - VO FIZEX VB ESh 3RV RE -7 32
LEQHIIELIZTNIELR S 2V,

BRAOEBBHOKE IOV T, BIEMICIRAOE LRI L3 DL EHIIEZ
o MADEPIIFRDOBEME B L, IEIRRNET 0D TRDEHE L BKRT 3, F
B KA R, WA, iR - AV OBMTRENRBEE, SBO SN B LI,
—HERRIRI 517 2IEHREB R, S ERORBEII 5 2FBIRRIOIIMEL T
BBENEV, ZOZEhb, —REICHBEL ~ 180, LRLBERE 5 —BkeRz £ &
R L 280 TRE, FEUTHEL B ERTERMOEHBICL VBRI AZLDTH
BLBIRTE 3, ZOXH IS, WM 3 TH0ESIIRE (B L HHE ($9)
EREIRVEL, BRALTRICKE T 285 b 5, BRI KOES & IHROTH 3,
2. fIRMIZEHEM

—BKBFOWRES & B2 5 FiiE COMMEM LTIz 3 L HRIB L MBI THICHRT
b0 CORBIINMBAANNCEWTHELR S, FHTIIZh 23 - RO BENXE
HEEIERY,

1) ERFINZ BT 3WKES)
KWHEFRBERN ThH 2 BRFNTHRE S 1 2 EOWMEED IR HAT 3, 1B H 12 1980



330 AR R ERFHREHRARRE $458 W2H

%7 12 HOKBET— L& RE : 21 mn/day(6 mm/hr), A&ER : 13mm/day (7mw/hr)— 12k~
TREL, BHIC 17 m(FHRMEM) META R 2 LAEREREEHRL 2o 2EBIZER 15
E05E@EL 7~ 1981 £ 8 H 23 H T (LERY : 29mm/day, B&ER : 50 mm/day), BIEDNHEK
L2 ERBHFREL 2, DL EDE ZHEEIE, TTERPREBTHI- L1554
(13.8 km- FifitiAER) DEBEETHY, —8IZy LA E2HERL %o

1980 4, '8l EDWKRZEEICBAL, SHEMEREXM 16.8~17.2kn IZHWT, E=2 RTINS
BHHEELERL o FEEXBITFHKIE 18~22 m, WKRGEH 4% TH3, HERBIIK
WAFC RSN TEYD, % 0HEARIE 12~21% T, HRHRBETIX 27~36% L RUl%->
TWw3, BEHMIIBREERIZLALTRET, B20m M EOERE £ 5%, BAREID
260cm 22 3bDL B 5N, 1980 £, Sl E DKL 2 ¥ 40 m B THRE & h - HIR

OWEENRIZE > TRTE R4 10851243, 2EOEH & LHEM - R TEIZHB

m? m2
60 July,1980 60 August , 1981
40 40

Deposit

T 1T 7T

0 0

| -
3
S -20f -20
m L -l L i 1 1
16.8 169 17.0 171 17.2 km 16.8 16.9 17.0 171 17.2km
B—4.1 ZEBETIICH 2 19804F, SUEMKES — HEMM :#H40m
Fig. 4-1. Distribution of the deposited and scoured volume after the
sediment movement in July, 1980 and August, 1981 in the
Furano River. — Measurement interval is about 40 m.
tm?) (m’)
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B—4. 2 EBRFINCHT S 1980 £, SHEFKREE) — WEFM : 100 m

Fig. 4-2. Distribution of the deposited and scoured volume after the
sediment movements in 1980 and 1981. — Measurement
interval is 100 m.
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L, Lt RO -7 25 ROERMOE -7 ETD 122y F A 300~400m & % 5 T3,

13.8~18.6 km D EHBREX MIcHW TR L 100 m MR TREL 2. BIZETHENL
AT EOEMMMMRIL, BFCEVBEBEhIRBOFEERETZLELX SN, 40
m¢ 100 m QHRFEBBORBIZ L - T, il h 3%E - HEONBHZAE LR L ->TL 3,
W, 19804, 'SIEDTEREHIZOVTI0m & DHEME L VBB RO S/ 2 X-4.21C
R, 2RItk 38,1980 ENEH T HMEBRIL 15.3kn, 16.2km Z LT 17.2kn fHLIZF
¢, 240 17.2 km fHE D 2 DOHERIR 2 5V THI8,000m® DIEIN & % - 7= (2 Z CHEIE & 1310
IR AR, WA RET XM ARKRT 3), 2hIx L T 1981 FNEH T,
FREHEF 180 FLVPLLRES S5 b FHEL MBI L Y TR 14.0kn¥ & U 15.5km
EIZHbN S, 1980 FOEH IR L TIPS - MO ERZ AN /IR TIX 4 v 1981 F
OEFHTIE, WHOY— 7 7 13.8km, 15.4km, 16.7kmfHEI1Z, % L THEO Y — 7 ' 14 .5k,
15.7km, 17.3kmfHiT 1238 5N REIVCHBE L TV 3B THRD & — 7 » 5 ROHEHED ¥ —
7ETO1I=y M L300 m BT E B> Tw 5,

40 m DB CHRE L2 SR B L AL B B B B
IR B OWIIRE®) 12 BV T, - 500" 400" 30"
eI A S HERE & TATHEREIZ L T300 (_'
~400 m , 100 m FFRAFR O £ Pk
XTI 1,300m AikOERNIE
BB SN, —WREDEC
HEBEOBRO LB RET
500 EIH, FRRFEETS
LLs2hAMcES 00
BROBESZL2ATHB, 22 _
T W-4.2 TRENAHER LB
HEOXFIKEHR) 2R, &
WPPERE 2 M e L T A~ b VRE 0.1 1~
WERS =, BHEORNIE, —i#k
B IZIBERE] 57— & DREFTICHW i .
SNBZrHFEVS, HisZ [ L4 1 ]a_ll |1

Power Spectrum

Aug. 1981
——=— July 1980

e Width

10?

1
o BxE 25241280, H WCWelengt?\ ()
TERIREBSE & Bl U 22l 0%, B—4.3 19814, BIEQOFKREHE & K TIE M7 2
R CRHRED OB - HER A7 M VERE

Fig. 4-3. Power spectrum of spatial distribution of net
*PEREE LB LB LT deposit and scour in 1980 (dashed line),

. ) . - in 1981 (solid line) and the width of these two
527260 T, RKEFBEHLHE movements (double line).
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REDLL, EEFS 2B HEOC - - i1 2=y MEBERDL TS L
HBEIENTE 3, '

ARY PVERORER & M-4.3 1R 72, BMSHEETRL, BBA /ST —2AR7 b
FEEE2EDbT, 1980, BUED ARy MVEBMM L BT 5 ¢, SERSOEBEBHIZET
NDEBVWEHZ3LDDLEMIZIELUEL2EL Tw3, 100m A —5F—0FEERRIZHIT 3 28R
SR 1,500 m BRI S h, 102m 4 — ¥ — O SR i3k 350 m BIRICER A Tw
3, ZO2HOBAERTIE, K- EREXMTRED SN ZERBHO 1 2=y Mol TH
D, AR7 MVEBKIZE->TZ 5 L2 RFIOBBIER A, 19804, % L T 1981 FHKEH
DENFHIIRET S LIHREN =,

AL, MRHERBABEO K % 2B ISR s hWERE O 26 S EmhE s L
TWAZehs, BRNIBBHORE 2 EFEERTCH I B/EBEIZLZbDEEL L,
1980 4E,’814ENDEB T, KRB L HBBI I FIILEB IR Eh Tn 302 L 25, HTR

BASRKOAFTIEZERM LOBEE L TIRATANRY MV ERD, —ERBTRL -, Sl
BAiE, HKE 1,500m 8 2D 5N 3223 T, ShEDEVIRERBTIITHETH 5, Bt

BiEZ, A7 PVBROER S TIEOREMIEENL00m ZWKEHRIZET 3 EBEEDH
ROBBZMBL T3 EEZLSNS, 2%, BEREIIZEIT 510°m 4 — 5" — OB
BEAENEEETH SRBEEILIC L3 LD EHETEIZ LN TE, B2 0EZEHHTS
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R—4. 4 SBRARTNIC & 2 -S5RIEE & FEIHE & OB
Fig. 4-4. Recomposed wave by two dominant harmonic waves of which

wavelengths are 1,300 m and 400 m. Bar graph shows the result
of field research on sediment movement.
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Fig. 4-5. Distribution of sediment volume of four age classes.
Each of sediment aged 3, 9, 12 and 22 years has
remained in a good condition throughout the
investigated section of the Saru River.
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Fig. 4-6. Power density spectrum of sediment
distribution of four age classes (3, 9, 12,
22 years). Four lines show the similar
shapes but the round peaks of high power
densities are formed at different
wavelengths.
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Fig. 4-7. Alternation of scouring and deposition through the lapse of time
at the same place in the Furano River.
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Fig. 4-8. Difference in phase of the dominant harmonic waves. Upper
figure shows the case of long wavelength (10%m order),
and lower figure is short wavelength (102m order).
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NERICIIHEESEES LS, WHDIFRBEOHRE - BEREOMKIBE LR TEEORBIKE
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m®/km- £ L HYHKRE S, DIITH 1,000 m*/km-F & B /P EV, F 2 FHHERRYE (ir) 3ER
B, BFRNITI0EREELEL, A, ERINE 27 £BE L BV, Foli Mo LRI,
HEWR, AESORBREI R EEINhELELI 5N 3D, Fo 2 XETHME (Wn) TRL
718 Fo/Wm THEL 72, BREII, WHENT 70~80 m®/kn--m FREL KX, /I, &
AT 40~60 m®/km4 -m FREE L /& Vg $ 7= tr & Fo/Wm 1334, 19 R0 bl DB IZ L
D, br) FADOHEERL TV 3,

BERBFNO X 2 KILEREANITIILERE S 5 D LBEEFIEL L, HITBER
WFEEORRE T, KBOLBIPEES WIUEPIERS I 2#L L TEREL 3, 2h
5 DEHEHIR L, MIFRAIZk- CHRIBENARELH & U THKIZHRT 3 4, RO#K
BRICIIERICRE2 RUTEBH T3, EEMNICZ ) LAIBEE - BERES tr & Fo/Wm i
RT3 LEZS5h, BEMIZERBICE T 2 EBERKEATEANILIEA 31T tr i35 <,
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Table 5-1. Age distribution of sediment for the four rivers.

Survey Age distribution of sediment volume (m®/km)
River distance
(km) 1-5y 6-10y 11-15y 16-20y 21-25y 26-30y 31-35y 36-40y 46-50y 71-80y 91-100y Total

Furano R. 4.60 11,820 3,670 5680 430 380 2,370 400 830 25,580
Ogawa R. 5.00 6,000 4,420 120 130 - 3,370 60 400 4,930 6,840 26,270
Usubetsu R.  9.75 7.800 730 4,870 7,710 3,590 1,260 28,540 1,520 4,750 60,770
SaruR.  15.30 37,880 22,470 16,680 5,120 10,870 31,490 124,510

5.2 TEHWEICNT A ORI LR

Table 5-2. Comparison of rates of erosion and residence times
among the four rivers.

Ri Mo b Fo tr Wm Fo/Wm
iver

(m® /km) (m®/km -year) (year) (m)
Furano R. 25,840 0.0985 2,540 10.2 34 75
Ogawa R. 26,540 0.0373 990 26.8 25 40
Usubetsu R. 61,380 0.0361 2,220 27.7 36 62

Saru R. 125,760 0.0962 12,050 10.4 151 80
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BRI, SRR L 512 Mo lE FREMO K A8V 2 ISHIE A TR [ > TR A
570, WniilizfE > MEZRMEROMM 2 ERT 5, £ F 8 TROFHIEVEERLT
Y, THICHETIHEBE GRER g ORI ZORERTHELELILGNS, £
ir XERFI, SHRNELTROBHIEL, LR BH2ERBEOENfH 3 2L FEB &3,
IR (BENE) 0L %5 Fo/WmiZBL TE, ERENEDFHNTEIRE > 2R E2RL
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. Fig. 5-3.  Age distribution of sediment for the upper and the lower reaches
of the Furano River and the Saru River.

Survey Age distribution of sediment volume (m®/km)
River distance
(km) 1-5y  6-10y 11-15y 16-20y 21-25y 26-30y 31-35y 36-40y Total

Furano River

Upper reaches 2.2 15,290 5,100 130 230 70 550 1,010 22,380

Lower reaches 2.2 8,110 2,110 10,980 610 670 4,570 770 620 28,440
Saru River

Upper reaches 8.3 31,490 16,570 14,430 1,220 9,860 10,170 83,740

Lower reaches 7.0 45,460 29,470 19,340 9,750 12,070 56,760 172,850
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Table 5-4. Comparison of rates of erosion and residence times

between the upper and the lower reaches of the Furano
River and the Saru River.

River Mo b Fo tr Wm Fo/Wm
(m® /km) (m® /km-year) (year) (m)
Furano River
Upper reaches 22,600 0.1086 2,450 9.2 29 84
Lower reaches 28,720 0.0950 2,730 10.5 39 70
Saru River
Upper reaches 84,580 0.1064 9,010 9.4 135 67
Lower reaches 174,580 0.0917 15,970 10.9 171 93

DEDKERID 2N EZ 32 L1, THICAY > CRETEHESIEAT 31266V, g
RHAL (WmDHgH), EMEREZMASE S (Mo D) », 25MiZLtBOBoEE
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Fig. 5-1. Plan shapes and distribution of sediment for relatively sinuous
section and straight section.
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EAERV, £/, FHEE (Wm) $25mBECIRIEREBTH 3, I Lir LOVWTHRXME
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Table 5-5. Storage elements changed by river channel mor phology in
the Usubetsu River.

Usubetsu River Mo b Fo i Wm
(m® /km) (m® /km-year) (year) (m)
Spatially
wide section 132,460 0.0383 5,080 26.1 71
narrow section 28,950 0.0671 1,940 14.9 23
Morphologically
sinuous section 26,000 0.0573 1,490 17.5 24
straight section 36,600 0.0822 3,010 12.2 25
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Fig. 5-2. Relationship between flow width and transport-distance of
sediment. Blank and solid points were obtained respectively by
spectral analysis. Two solid lines parallel to the regression
line (dashed line) show the range of this relationship.
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Fig. 5-3. Determination of flow width corresponding to residence time. The
solid line shows an example of the Ogawa River. Each of sediment
aged 1, 7, and 32 years was frequently found throughout the
investigated section of the Ogawa River.
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2o MEDBMRIIHMMEIRTROT ZLAHTE,
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EIWrid¥18m &k 3, FFRMABD 4TNNIZEAL TRD 2 Wr % £-5.6 IZHL 720

WE, ZOWr210RD Wm IZ8AT 32812k tr 123 L - BEIERETH 3 Dr &K
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Table 5-6. Transport-distances corresponding to residence
times for the four rivers.

River Wr Dr Dr/tr
(m) (m) (m/year)
Furano River 29 340~ 500 30~ 50
Ogawa River 18 300~ 430 10~ 20
Usubetsu River 27 340~ 490 10~ 20
Saru River 118 1110~1580 105~155

;|57 FERTN-WHEICET A ETHREOBE g

Table 5-7. Transport-distances corresponding to residence
times for upper and lower reaches of the Furano
River and the Saru River.

. Wr Dr Dr/tr

River

(m) (m) (m/year)
Furano River

Upper reaches 26 330~ 480 35~ 55
Lower reaches 31 350~ 510 30~ 50

Saru River
Upper reaches 110 1000~1430 105~155

Lower reaches 128 1260~1800 115~165
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Fig. 6-1. Determination of » value, which relates to the rate of
outflow volume, based on the results of field researches.
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Fig. 6-2. Frequency distribution of scoured rates.
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Fig. 6-3. Flow chart of simulation.

Case 1: the deposited volume is less than the capacity of the area.
Case 2: the deposited volume is larger than the capacity of the area.
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Fig. 6-4. Capacity for each block of investigated area in the Nukkakushi-

furano River. These are estimated from the relationship
between the areas and the total sediment volume of 11 blocks.
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Table 6-1. Dimensions of retardation works

SIZE
Large Middle Small
upstream - downstream

Area (m*) 40,000 30,000 20,000
Slope of riverbed (%) 10 10 10
Capacity (m®) 49,000 34,000 20,000
1~ 9years 33,000 22,000 12,000
10~19years 11,000 8,000 5,000

20~35years 5,000 4,000 3,000
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Fig. 6-7. Time series of inflow volume. These are made by the relationship
between frequency and magnitude of sediment movement which are
measured in the field, and arranged at random.
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Fig. 6-8. Comparison of the maximum volumes, which flowed out of the lowest area,
among three different order of retardation areas. The frequency of the
occurrence for the maximum volume is thought to be 1/35 year. The
simulations are repeated ten times.
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Fig. 6-9. One example of retardation effect in the case of L-M:S
order. It is clearly shown that the largest inflow volume
are depressed and the fluctuations of outflow volume in

time series are smoothed by the sequence of retardation
works.
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Fig. 7-4. Arrangement of retardation works and development of land use in a basin.
In mountainous reaches, where sediment movements frequently occur, the
stable wide areas created by consolidation works should be preserved as
protection forests. On the other hand, the reaches of alluvial fan, the flood-
plain is able to be used more developmentally.
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Abstract

To quantify the sediment transport for a river channel it is essential to clarify the
relationship between the frequency and the magnitude of sediment movement. Both sediment
storage and transport processes, therefore, should be considered as an entity to determine
the sediment budget of a river channel. The age distribution of sediment, which is esti-
mated from the even-aged forests, indicates the history of sediment movement; and there-
fore, the two processes can be analyzed chronologically.

Concepts on temporal and spatial scale are criteria of field reserches; and those
information should be linked to analyze a phenomenon chronologically. The relationship
between dependent and independent factors and the specific characteristics of a phenomenon
change according to temporal and spatial span of investigation (Fig. 1-1~3, Table 1-1), In
this study, those spans for the investigation of sediment transport are 1-100 years and
1-1000 m, respectively.

Rivers investigated are the Furano River which is typical volcanic torrent,the Ogawa
and the Usubetsu Rivers both of which basins are made up of volcanic and sedimentary
rocks of Neogene period, and the Saru River which is mostly made up of sedimentary rocks
including metamorphic rocks of the Cretaceous period (Fig. 1-4~7), The remarks of the
study are summarized as follows:

1) After a debris movement, a lot of bare lands are formed ina river channel by
deposition or scouring. Subsequently, seeds of pioneer trees and grasses invade the bare
land soon after the sediment stabilized, and they germinate within a year (Fig. 2-1). Such
vegetation growing on the sediment are observed in both placid and torrential river but
the age-distribution of vegetation are different. In placid river, bars isolated as islands
have convex shape cross-sectionally and sequential change of vegetation age. In torrent,
however, deposits are stepped and even-aged forests are established on these steps. This
contrast reflects the differences of sediment which have occurred in both rivers.
That is, in torrent, movement is discrete in magnitude and frequency and cause sudden
change of channel bed, which makes carved steps and even-aged torests. On the other
hand, sediment is transported with continuous movement in placid-river, and it makes
convex shape and sequential change of vegetation age on the bars (Fig. 2-2).
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2) Morphologically three typical shapes of riverbeds (stable, divergent and fixed
channel) were found in the Furano River. In the stable channel, a sinuous single stream
course is formed and no abandoned channels are observed. The channel banks have been
stabilized with old forests. The cross-section of the riverbed has a stepped shape and the
older forest is located on the higher step. The divergent channel develops in a relatively
wide section of the riverbed and in a junction of tributaries. Many channel courses are
observed, but most of them have been abandoned. The direction of a stream course is
frequently changed as a result of the channel blocking by the accumulation of sediment; so,
the cross-section of the riverbed shows the fluctuating configuration. The fixed channel
develops in the section where the riverbed is relatively narrow, and a few deposits mostly
covered by young trees are observed in a deep gully (Fig. 2-3~5).

3) The age distribution of sediment provides temporal information on sediment
movement while the configuration of the riverbed provides spatial information. The
cumulative curve of the age distribution for the stable channel can be divided into two
parts at the discontinuous point which shows the occurrence of high-magnitude event. On
the divergent channel, the cumulative curve increases gradually until it reaches the total
volume. The continuity of age distribution means that the sediment movement of low or
medium magnitude is frequently occurring in this section. This distribution is character-
ized by frequent lateral movement of channel courses that causes the scouring of old-aged
deposits and the deposition of inflow sediment. The cumulative curve of the fixed channel
rapidly increases and reaches a total value at the young age of sediment. This means that,
even if the deposits are formed in this area, they are easily scoured away by subsequent
floods. The cumulative curve increasing sharply in the earlier stage represents the active
section where the sediment has a short transit time (Fig. 3-1~3).

4) Generally, it can be said that the riverbed is occupied by the younger sediment than
the older one, because the deposits formed by past floods have been gradually scoured away
with time and the present inflow sediment replaces the old sediment. In this paper, the
decreasing tendency of sediment volume with advancement in age is approximated by an
exponential function (Fig. 3-4, Table 3-1).

5) Sediment transport occurs as scouring and deposition take place alternately on a
riverbed, and it results in the formation of waves. This alternation of scouring and
deposition occurs not only along the river course during the sediment movement but also
through the lapse of time at the same place. The causes of wavy movement of sediment is
considered to be concentration and dispersion of water flow (Fig. 4-1, 2).

6) Assuming that the fluctuations in the volume of deposited and scoured sediment
at the Furano River are simplified as waves, a method of spectral analysis can be applied.
Field observations revealed that large depositional areas were formed at the wide sections
of the channel. It is proper estimation, therefore, that the first peaks of high power
densities which are located at long wavelengths (about 1500 m) are caused by the changes
in the channel width. Such large storage areas as the wide section of the channel, the
sinuous place of the channel course and the junction of tributaries make a unit of long wavy
movement. The second peaks of high power densities which located at short wavelengths
are not formed by the effects of geomorphic element but formed depending on the
magnitude of sediment movement. It is clarified that the alternation of scouring and deposi-
tion in space is mainly formed by these two dominant waves (Fig. 4-3, 4).
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7) If the deposits formed by past floods remain for a comparatively long period of time

on the channel bed, and if the ‘age of sediment can be identified by even-aged forests, then
the locations of depositional areas of the past floods can be estimated from the present
spatial distribution of sediment. Assuming that these distribution of sediment are
simplified as depositional waves, the spectral analysis was made. The wavelengh, which
forms a peak of high power density, shifts to the larger part with age. Because old
forests are generally located on higher steps and apart from the channel course, and
because the deposits formed by larger movement tend to be occupied by older forests, it
can be said that the dominant wave of each age is determined by the magnitude of movement
(Fig. 4-5, 6).

8) The phases of dominant waves, which were found in two sediment movements of the
Furano River, were examined. As a result, it was estimated that the alternation of
scouring and deposition in time was caused by the differences in the phases of long and
short dominant waves (Fig. 4-7, 8).

9) The rate of erosion per year (Fy), residence time (ir) and Fo/Wm (Wm : average
width of the river channel) are evaluated for the investigated four rivers based on the
reservoir theory. A large amount of unstable sediment produced by the slope failures and
landslides is easily scoured and transported away to the foot of the hill slope or to the
riverbed. Consequently, the active production of sediment from the hill slope reflects
Fo/Wm and tr. It can be roughly said that Fo/Wm increases and tr decreases with an
increase in production area of sediment over the basin. Besides production process, the
important elements which affect these values are considered to be channel morphology and
shape of the basin (Table 5-1, 2).

10) The investigated reaches of the Furano and the Saru River were divided into two
parts and analyzed respectively. The values of total mass of sediment (Mo) and Fo are
high in the lower reaches of both rivers, because the average widths and catchment areas
increase toward downstream. As for ir, however, the lower reaches are two years longer
than the upper reaches, which means that sediment in the lower reaches is hard to move
contrary to the upper reaches (Table 5-3, 4).

11) Changes of river channel morphology influence such storage elements as Fo and ir;
and especially the plan shape of a river channel is discussed in this paper. The plan shape
is spatially represented by a relationship ranging from a wide to a narrow shape, and
morphologically from a sinuous to a straight shape. The results of analyses show that the
sediment in the wide section is retarded by the effect of a large pocket ; but at the
same time, it is prone to be eroded by following floods. In the sinuous section, stream
flow cuts the outside of hill slopes and develops stable deposits along the inside of the
bends. The sediment in the sinuous section is hard to move, with the resultant increase
in ir and decrease in Fo (Fig. 5-1, Table 5-5).

12) Assuming that the wavelength, which is dependent on the magnitude of movement
(dominant short wavelength) equals transport-distance of sediment, it may also be
related to the flow width. Consequently, the transport-distance corresponding to the
residence time (D7) is able to be estimated by the flow width which corresponds to the
residence time (Fig. 5-2, 3, Table 5-6).

13) Comparison between the upper and the lower reaches of the investigated river
indicates that ir and Dr increase with an increase in distance from upstream. In other
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words, the sediment in the lower reaches is hard to move ; but once it moves, it is trans-
ported for a longer distance than in the upper reaches. This means that Dr/tr can be a
good criterion to indicate the degree of balance of sediment transport between the upper
and the lower reaches (Table 5-7).

14) Sediment transport process is characterized by @ discrete movement which does

not usually correspond to water discharge, (@) the difference between deposition and

erosion processes caused by dispersion and concentration of water flow, @ sediment
deposition at upper reach of narrow place. Combination of these three characteristics
effects retardation and stationary state of sediment transport.

15) The simulation on sediment transport was carried out by discrete-change model.
The results suggested that the most effective size and arrangement of retardation works
exist depending on the magnitude of sediment movement (Fig. 6-1~9, Table 6-1).

16) The main subject of this paper is not to analyze a transient phenomenon but to
understand the characteristics of a basin based on the age-distribution of sediment.
Consequently, planning to control the sediment transport is subject to reformation of
structure of the basin by techniques. It is possible to extend the residence time of sediment
by such reformation as the series of consolidation works harnessing the natural river
morphology (Fig. 7-1~3).

17) Even-aged forests forming mosaic pattern in riparian zone indicate the historical
change of flow width, depth and direction depending on the magnitude of flood. This means
that it is impossible to confine all variety of magnitude into specific artificial channel.
The author proposes to set the buffer zone between natural river channel and man’s produc-

tion area. The land use of the buffer zone should be decided based on the characteristics
of the reaches or the basins (Fig. 7-4).



