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Fig. 2—1. Location of the subbasins and the
reservoirs in the Oi River basin.
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Fig. 2—2. Characteristics of the subbasins in the Oi River basin.
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Fig. 2—3. The channel bed profile of the Oi River.
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Table 2-1. Dimensions of the reservoirs.

¥ L% Bk ¥ L Bk BB ik rRATi i
(E. B (m) (103%m3) (km?)

WS 1 1961, 7 125 107400 320
W2 | 1961, 7 69 11400 331
iy 1957, 7 103.6 150000 461

BE 1955, 12 a4. 5 3150 a64

AN 1936, 8 33. 5 788 535
T 1935, 8 64 4950 131

NG| 1938, 9 48 1519 200

3 1936, 11 34. 8 987 239
B 1944, 2 34. 2 1173 12

HERE 1960, 9 a46. 3 6340 70

FERARRE, FOH5 100, 150, 178kmicAh Sn 3 BB ALk >T, KEWIKENSSNS,
+15bht, PRI, W1~ 100kmnDREAS 1/220, 100~150kmd A1 /63, 150~178 kmDfi]
51724, 178kmBlEAS 1/ 47 E75 5, 5%, BROMEOFTE, BLZ1/500TH5,

BITRRK (K2 —5) 44 5E, BRE(AOXD 80 kn ) SOk D 120 kil & O THE
ARELL, FRATHRGERE (AOED 41 k), M2 (AOXD 25 kn) [T EE ST
DB BN D MENIS FRTIE, AHINBBEKERN S0, COXBOFERAISEICED
BEE TV 5,

2. REIwE

AEERE LT E R, BAkS Ak, BBEMIEsO, ZICHBTAT LICiE5,
Ltchi»T, Bkt REE#E~s CLicky, zoMSOFHEHHREHET S C LAAHEIC
K3, £2—2 Sk KBOHERIKE T, 1979 FREDLHEDR Qg (nf), TD Qg% MKk
OEBIKER (C)TKRL 1979 FHEDLHDERRg (%), EHHPEDOFETEH 5 P95E
HHERD R qg (oi/ki/ year) & ZD Ly Y& EbIRLTH B, B, Liickkitnsd 5563,
bR OHDR GEE L TELEDRZ RO,

%£92—313, D 1 ki OFHTHEOFHERL AL BELKBETHS, i, &
m@®i@ﬁﬁ$®%§ki6%@%%@@ﬂéﬁm,ﬁKM%@i%mmi@%Kﬁﬁbtﬁ
OTH2®, 1np, FRchEk S 51581}, LHEEFKMOERE THE AR L THEILRE
B2 bE07,

£9—370, AHIFRBROEEREDRIL, EIK2T~6T(nf/ki/ year) OfEZ/RY T
bbb, 21, COVHERRHESM->T, KLEKicH5 5y L2 AOFEHORLLWE%
ft, ChickBE, MEE 1 5 LA TI02 50 (6~270 Fnt), FHSLMEATION
B(5~T1Hm), BI&atsEc6 o 02~28 Fof), #II&LMET 17001
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Table 2-2. Sediment indexes of the reservoirs.

kit mEEE  BIkEE  AHBE SRS TUSHMRE (LYY) BBEK
(km2 ) C (10°m®) Qs (10°m3) Rs (%) qs (m3/km2/year) (year)
HEE 1T L 320 107400 18898 17.6 3590(170~19700) 17.4
HEE2Y A 331 11400 3003 26.3 3980(480~23300) 18.5
HIF & 461 150000 25813 17.2 6040(880~18100) 22.3
BREY A 464 3150 1495 47.4 5870(880~18000) 23.9
AN 4 535 788 487 61.8 1750(20~8200) 43.3
b1 N 12 1173 659 56.2 3430(120~15600) 35.8
TN 0 6340 2409 38.0 1820(10~5600) 19.2
TEEY A 131 4950 4832 97.6 1060(20~3500) 44.3
NN 200 1519 1397 92.0 950(40~2500) 41.2
SERMNF A 239 987 826 83.7 1110(50~2900) 43.0
ESE DS 18.8 469
1979
#®2—3. PHEFELFEDE
Table 2-3. Specific sediment yield at each dam site.
Frokity EHSEHRBE(L YY) | EHER
(8 /km2 /year)

HEE 1Y A 3190(200~8500) 15

MEE25 I 3520(580-~8400) 14

Hy L 5700(2500~10800) 11

i 1IN 5320(190~-23600) 27

ERENY L 2410(20~7700) 15

TS L 2970(360~5400) 13

19TOFERTE

~54Fm) LB, CNSERBTIVROMI, FHTRLAL Y YiKA LA B LS ICEEIC
REBEHEELEETNTRE S,

LTAT, LOLIURHNBHEDOER B LB BOAXER, 2ENIKETEDL IS UES
EHETHDIme KIFNKEHE LETEDEREPREHKT 20 LI VR L THI. &
EPHOELHEDRIT 470 (of /kif/year), DHEGZAIZREFL 5 2 (BHI| )T 7980 (nuf/
ki/year ) BThH Y, AHNOE-MEDRIE, 2EFHED 1 4—5— k&<, BHEIEIZE
ET56DTH5, LI >T, EHADRLOHBET, B1OFE 26 BT 2EHTA
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ELTOEPRANLTAHBL LT B, D, KFNOMESRHEERESEASETVLM
R 15 L, H5a(£2—1) %580 LARERY, T CTOFEICHIERO LI
AFN, M2—60k5HEEREERY, K2—6T, ey rHmlEEtPRTHS, T
PREDL D IESE EEDEDECARBETHSEH, COXBORATLWEICHNS EBD TN
WHEDTH B, WENICHL, HIy otk v EROAFNFEETE, Diad & bEMKI208
TPl koAt « L, MESE 1 5223 0HET L5 ARBICHAT 2T LIK1E5,
Z05%, H192F nih 3 dOFKMICH L, HI5 b FRICHKL T 5 LRI, DD
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Fig. 2—6. Mean annual sediment budget in the upper basin of the
Oi River.
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Fig. 2—8. Annual changes of deposit volume in Hatanagi Reser—
voir (no. 1) and Ikawa Reservoir.
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sectioning.
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Table 3-1. The occurrence periods of riverbed
variation. A period of a continuous
rainfall is defined as an occurrence
period of riverbed variation.

kg EEESHOREBHX  BEORN "E

7910 1979.10-18~19 1980.5°12~15 BE20%
8008 1980, 9-10~12 1980, 10+2~5 BRI3S
8108 1981, 8-22~23 1981, 103~6 BRIE
8208 1982, 8<1~3 1982.8-23~26 BIR10%
8209 1982, 9-10~12 1982.8-23~26 AR185
8305 1983. 5-15~16 1983.6-21~23 Bk

8308 1983, 8+15~17 1983.829~31 BESS
8309 1983, 9-27~28 1983.10-28~29 BELI0S
8506 1985.6-28~17-1 1985, 7-9~11 BEes

¥ —BHREORTERNES > TZREHOREREE Uk,

K3—21 KifiE (SoREHMS, fikl—4 ) ERREHOREEOMEERLIZDDT,
ARENA L BREE M C » Bo—ERERE S L UBAKHME (A 20 T) ZRLT
bDTH B, HAINERERKTIE, BWNEHIZZ 1500, —BEHEHIZIE 200m, RAFER
BAS 20 ~ 30 mAMASEHHBELGRES S ENbDb, AREDICL-T, COBNO
HRERAFETSE, 1.3 ~ 15 FEHEROBEREL -7,

B3 — 33, &Htkic k2 Emk ( BER ) OFE(LERL7cbDTH 5, Xp, FH3 &k
KiC & » T SN BEHT, ZILORETHE b & 51T 8009 BRI & 5 BIKER 2 iR
THELTH %o 272, 8208#/KkiZT, TiICHFTW3B, 8208 Iid, 8208 H/KKrDEEHE
I 1 R ER D IR 4UA A AHSES T BRTOMMEE A Ex L b0 T, 8AKFE (23 ~26 H ) OM
BRIk 2 HWERORREDAEPRET CEICL->THE LD TH S, Chid, 1058
BH%O 8 H 4 HOBE “ KA IR L TN, Todhd e, EENEMEICEE LT,
% 12, BBBSOWAAAIIZNIRBEHEAT O, " IKEDSWTVS, 748, 8208 I,
8 A DORBIC K > THELNIBER TH S, N3 —3%5245L, 8208 #t/Kick > THmA
S8 mithlc » TEBRMS LR LB FRE DS, LL, 396 DdkDRKICK
5T, 28EH STk, 9RO LROBERIIIIEAE G LR >TVS, DED 82098t
KT, SoIcheEDBRERICESXDDH 505, 2.5 HlEHS 7T HAUBICHOTIE, £721~
ImEVIEILH B, UL, COXM S 8306 BKICE - T6HllRN S 7+l DU T,
BEAEGEDMBIRE-TLE »72. 8308 #KTIE, COEHLILIKRD, LEDRERD
3 EAETTICR 12T EICHE » 72, ZDH%D 8309, 8506 #Ak T, BEBICENBEKREE
AL A SN, LIEDE ST 8208 HKIC & »T LR LABRS, SEHKICOVTANT,
BHTHEL GEDNUBIRS H & HMMMH BT L0 Do
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Fig.3-2. Relation between rainfall and the occurrence of riverbed variation.
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Table 3-2. Grain-size characteristics of the surface
material on the deposits.
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#5—2. BREZR

Table 5-2. Volume of riverbed variation.

b 5 REKZEEHE (m3)
9003 8108 8208 8209 8305 8308 8309 8506
005 663 144 4059 -2301 <795 -916  -257  -539
: -372 159 3808  -2133  -1168  -530  -230 %
AR 20 4995  -3274  -1053 558  -229  -398
; %9 200 18%  -1521 348 -538  -114 -5
Je | -3 99 2211 238 502 583 -627 479
: -362 9 3303 -2661 518 1080 -597 193
2. m 91 5062 -4335  -503 955 -398 37
; -200 a2 3110 -3565 72 58 -85 37
G | 61 3353 -3504 144 90 0 -286
45 s -783 7569  -6675  -T81  -726 5 -650
(| cims s e owe um o 80 I8 2
5é 407 -1726 16278 -8015  -1335  -3420  -383 9
s86  -728 1381  -3296  -890  -5868 61  -240
65 | 40 396 12805  -4271  -1093  -5043 0 515
71 583 -324 11474 -5742  -949  -2129 0o -4m8
-83 05 3g13 1792 212 -350 0o -
85 939 -133 892l -3629  -902  -1345 -9  -86
8. -556 s 10538  -7420  -489  -681  -156  -186
9? -566 636 11926 -10653 -30 g -m3  -53
-199 668 8286  -6383 17T -7 635 -1032
ig+ -200 16 372 2327 307 467 439 -382
1785 -4Ti9 150058 95127  -12530  -22802  -4827  -4838
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Table 5-3. Net volume of riverbed variation.

fiit= 2 RERESHEE (m?)
8009 8108 8208 8209 8305 8308 8309 8506
0(')5 1058 533 6561 2437 1169 1402 601 1208
) 783 684 5441 2421 1283 1890 536 1163
1.5 971 1115 6883 3752 1263 2977 844 1928
9 508 735 3857 1784 544 1232 540 1396
2.5 690 181 4562 2673 872 1947 798 3259
3 613 501 5042 3075 57 1792 683 2535
3.5 719 503 7997 5317 622 1363 516 1299
li 358 172 4910 4173 162 468 101 407
45 540 214 5233 3965 195 559 0 672
5 1425 1224 10005 7013 886 1856 118 1210
5.5 1635 1914 12649 9266 1264 2090 484 1022
6 1695 1810 19561 8076 1513 5670 583 1451
6.5 1099 73 16036 3431 1086 6987 106 1372
7 994 458 15840 4513 1250 5505 0 1248
74 1008 536 17398 5916 1121 2410 0 917
8 371 242 6768 1875 427 487 0 295
8.5 740 770 14339 3879 1125 2295 278 885
9 895 892 14874 7784 679 2340 444 1524
9+ 1132 1063 17072 11385 434 2768 840 2548
10 1125 1200 12682 6882 425 4029 962 2360
104 868 845 6148 2449 376 2303 561 1459
19225 18366 213855 102102 17451 52170 8934 30158
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Fig.5-5. Changes of deposit volume in
the observation reach for each
flood.
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Fig.5-8. Relation between the peek discharge and the magnitude of riverbed
variation. Dashed lines show the occurrence order of riverbed
variation after 8208 flood.

A Volume of riverbed variation (absolute value).
B: Net volume of riverbed variation.
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A B C
gk (7. 76km2) (7. 38km) (5. 7 3km?)

(m3/s) (m/s) (m®/s)
7910 32. 9 31. 6 25. 9
8009 14. 8 14. 2 11. 8
8108 25. 8 24. 8 20. 1
8208 96. 9 92. 4 72. 7
82089 54. 5 52. 1 41. 86
83065 26. 4 25. 4 21.1
8308 7T4. 4 71. 0 56. 3
8308 34. 7 33. 2 26. 8
8506 54. 5 52. 3 a2. 3
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Fig.6-8. Schematic relation between the magnitude
of deposition and the sediment yield
model in the scouring process.

The phrase ‘sediment yield model’ is

named to the exponential equation.

Sc: A criterion to judge the

convergence on the volume of
riverbed variation.

t=1:The first time when a flood
begins to scour the deposits on
the riverbed after the large
deposition.
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Fig.6-9. Relation between the magnitude of deposition
and the basic pattern on decrease of deposit
volume. The deposition occurred after deposit
volume got near to d,or d_. The value of
d.or d, is a convergent value of deposit

volume.
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Fig.7-1. Relation between the process of sediment movement and
the number of wide parts of a river valley.
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Table 7-1. Sediment storage capacity of large check dams
(from Higashi, S.(1982)).
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SUMMARY

Recently in Japan, land development has been progressing into areas of interior among
mountains and upper reach of basins, With the progression of its development, natural
disasters, such as flood, landslide and debris flow are accelerating. Especially, the possibility
of occurrence of sediment disasters in the basins of the Pacific Coast of Southwest Japan is
stronger. This is because tectonic movements have been steepening the landforms and fractur-
ing the bedrocks, and besides intensive rainfall occurs frequentry. In these fractured basins,
many reservoirs for flood control, the generation of electricity and others have been con-
structed, and the sediments have been depositing rapidly in these reservoirs because of the
conditions described above. To control the sediments, therefore, it is more necessary to
constract Sabo facilities in these fractured basins.

To carry out Sabo works effectively, the relation among the scale, the frequency, the
channel characteristics and the history of sediment movement must be understood clearly.
In this study, the process of sediment movement in the Oi River basin, which is a typical
fractured basin, has been investigated and the methods for protecting lives, properties, reser-
voirs and others from sediment disasters have been discussed.

|y The macro characteristics of sediment yield and runoff in the Oi River basin have been
investigated using the data of sediment volume of reservoirs.

(1) The volume of specific sediment yield from seven basins was 2000~6000 (m? /km?/
year). This shows that the Oi River basin is one of the most active area of sediment produc-
tion in Japan.

(2) The magnitude of sediment movement is not always correspondent to the magnitude
of rainfall or water discharge. The amount of movable sediments by water on slopes and
riverbeds may play an important role to the sediment movement.

) In order to clarify the characteristics of sediment movement, dynamics of sediment
movement in the Higashigouchi experimental torrent have been investigated.

(1) Nine times of occurrence of riverbed variation have been confirmed from 1979 to
1985, and it has been found that the threshold rainfall for the occurrence of riverbed variation
in the Higashigouchi experimental basin is a daily rainfall about 150mm or a continuous
rainfall (within two days) of about 200mm.

(2) On August 1, 1982, typhoon No.10 hit the Oi River basin resulting in rainfall
amounted to about 800mm in three days. This rain brought a catastrophic flood named (by
the author) the 8208 flood, and the sediments which exceeded 150,000m? in volume deposi-
ted on the riverbed of the experimental torrent. Since then, rapid erosion of the riverbed
ensued and the riverbed has been recovering its former profile, and also the channel has been
nearly regaining its former shape and form. Thus channel profile, shape and form have been

changed dynamically.
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) Since the riverbed sediments are supplied from slopes, it is important that the processes
of different form of mass wasting on the slopes, especially landslide, are understood. Therefore,
different processes in the landslide scars of the experimental basin have been investigated.

(1) It has been pointed out that rock fall, dry fragments flow and debris flow have been
the main processes on the movement and deposition of rock fragments on the landslide scars.
Among these, rock fall has been the most important process of the accumulation of unstable
materials for landsliding.

(2) Judging from the conditions of landslide scars, caused by a heavy rain in August,
1982, the accumulation of unstable materials on slopes is one of the necessary condition for
the occurrance of landsliding. In other words even if a heavy rain falls if unstable materials
do not accumulate on slopes, landsliding does not occur.

V) The relation between water discharge and riverbed variation has been analyzed.

(1) The current definition of the volume of riverbed variation does not sufficientry
represent the realities of riverbed variation. Therefore, the author proposed another definition.
Both definitions are necessary for the proper representation of the realities of riverbed vari-
ation.

(2) In a series of floods after the 8208 flood, the volume of riverbed variation per unit
peak discharge has been found decreasing exponentially.

V) Finally, an understanding of dynamics on sediment movement based on the realities of
riverbed variation has been stated. And a model of sediment runoff from a riverbed, which is
based on the relation between water discharge and riverbed variation, has been proposed and
the Sabo planning for the fractured basins has been discussed.

(1) A natural torrential river adjusts its channel slope and channel geometry to maintain
a dynamic equilibrium condition for given external constraints, such as water and sediment
discharge, valley slope and width, geological constraints and others.

(2) The sediment runoff model can be expressed by the equation of S(t)=-ae®!, where
S is the volume of riverbed variation per unit peak discharge, t is a series of flood occurrence
which is expressed as 1,2, ..., B is the exponent and « is the constant.

(3) The Self-Regulation function of a river channel has been clarified as follows: @ A
river channel makes excess sediments deposit temporarily, and the volume of these deposits
is an indicator of the Self-Regulation of a river channel, and @ it produces small amount of
sediment from the riverbed exponentially, and this retards the sediment runoff to the down-
stream of the river,

(4) It becomes clear by using the sediment runoff model that the Self-Regulation func-
tion of a river channel becomes very small at the narrow parts of a river valley but that this
function becomes large at the wide parts of a river valley.

(5) The wide parts of a river valley are the most suitable places to control the sediments,
because the sediment production from these parts can be predicted to a certain extent.
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Sabo facilities must be constructed to promote the Self-Regulation function of natural rivers,
and the construction of a series of low dams at each wide part of a river valley is an effective
way to promote this function. Therefore, the construction of these dams is not only an
effective way to control the sediments in the alluvial fans but also it is an effective way to
maintain the storage capacity of reservoirs without disturbing the natural environment in the

fractured basins.
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BHE— 1. RBRiRE L8 o i
1983 #11 H 268 #R&
Photo 1. Landslide acars in the experimental basin.
This photograph was taken on November 26
1983 after the 8208 flood.

’

EH—2 8208#/K (19824 8H 1 H—3H ) HEOERL AKX
TR (I IXR ) DRIk B 198248 A 4 BixE
Photo 2. The buried valley of the segment I of the observation reach by the
deposits of the 8208 flood which occurred on August 1-3, 1982.
This photograph was taken on August 4, 1982,
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Hi— 3. 8208 #kEEOERERBMXE
chis ( T IXR D OHEREIRR
198248 A 4 BixE
Photo 3. The buried valley of the segment I of the
observation reach by the deposits of the 8208

flood. This photograph was taken on August
4, 1982.

EE— 4. 8209 #tKic k5 8208 dtykHEY
( WIXME) Ok
1982 4E10H 228 &5
Photo 4. The state of the 8208 flood deposits (segment 1)
scoured by the 8209 flood. This photograph
was taken on October 22, 1982.
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8309 #t7ki& D 8208 #kHEMY D
( TXFE ) DR
1983 F:11H 250 fs
The state of the 8208 flood deposits(segment
1) scoured by the 8209 flood-the 8309 flood.

This photograph was taken on November 25,
1983.

Photo 5.

Hri— 6. 8208 HyKE OB X 5 AlIERfT
I OHEFIR IR

24E8 H 4 B
Photo 6. The state on August 4, 1982 of buried valley

of the observation reach (near No.5 of cross

sectioning lines) by the deposits of the
8208 flood-
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Photo 7. The state on August 26, 1982 of buried valley
of the observation reach (near No5 of cross

sectioning lines) by the deposits of the 8208
flood.

HH— 8.

<

82009 jit7kic & B 8208 ok HEFEY)
( 5 HIERAHE ) OBtk
1982 10722 0%
Photo 8. The state on October 22, 1982 of the 8208 flood

deposits scoured by the 8209 flood near No 5 of
cross sectioning lines-

— 126 —



BB ARIBIC ks U B FRBERBROBREIC B 2 OB a98HF ( FHR )

Photo 9.

HH—10. 8208 gk HEREY ( BRI 8 IR )
DHEREES
1982 4 8 A26B
Photo 10. Structure of the 8208 flood
deposits at No8 of cross section-
ing lines. This photograph was
taken on August 4, 1982.

— 127 —

8208 AtyKHEREY) (BIRIXFA] 5. 5 HI#R)
DHERE B

1982 4 8 A26 HRE

Structure of the 8208 flood
deposits at No5.5 of cross section-
ing lines. This photograph was
taken on August 4, 1982.
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