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B, AR comhit 52 ENTERWCENLEDTRETHS, £ T, £EDL
3, BEETEENR LD 00 FRBEORKHA Yy -+ CA LRBABEREBLAEORF LTS
k&Lt

CZTEREH L, LABRBBEAL L TERMEBOELTSHS, LT, BKERE
OERER, RN TEOTEH THE I NIRRT OBEIK B35 DTkl
{, TABEBRCHEHIhIWHP L EAHEEEDR, KOLEBERCIIER - HRL, Filt
HERHBBEYBEE T2 X0 RBIEI LTS, &, BB & 2pEoEP, BRI
BEAE AR - BREULTWLBBABTHOhS, Thbil, KEEEBEFOLABBHEZD
HE, BxRBLTWS,

ELZLOT - TEREBREHAKER, T, EANBC I RBEOBRRKEGRE, D&
LABEIRIAE, ERERMORERE THS (Table 1),

Table 1. Methods of channel bed movement survey

Method Type Scale of volume Survey times Limit
Cross sectional levelling » debris flow  102~104 m3 - continual - survey period
of channel-bed fluctuation
Measurement of sabo-dam + traction 103~104 m3 « continual -« full deposits
deposition %)eforii debris
. . ows flowed
-+ materials debris flow once over)
» volume ,
- configuration
Survey of channel deposits + debris flow 103~105m3 . - once © - tree age on

the deposits
(survival time
« volume span of depo-
sits)

+ distribution

- age

BB # 2 HE AT, BREROBETIZE b2 bhiAWMWERSEh, oz
3, BEOWAI X B, R L o oL BBEIAE LT\ BRI CH% & 705,

EREHRELRERAE TS ), HRRAEI AR 2HETH B, LT, BE
EHFEL, BESSPECREIhEORK L, BEREE TR, REHER R o B &
(RS DA R 755583 50~100 ERIL IR L35 2 L RATHETH B2, &f, 44
WHIRRBER X 5 HEL, B X A0BTENBEESOLEYE 75,

EREBRE T, HRYEEOME « O LEBBCHE LI RROBE L 52 5o LA
THETH B, —F, BEOHMWCNIEL LA B BB 3, KEE LURBRE D5
TEEARL, EEBATEC L TKRIMEAA DL ABBBEEY I RNCERTHZ LIRS T
EX

REREHFE CHERRE L ARBS YN L T30, ERRAEELLEERSY B
Eolt s LB TE S, AR, B S ARBREREEE, AKX, GERSLENGE
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BHIhTELFETHS, Chicd L, EHBERCETA2HEL LU, % FHAEC
YA REKREBRE, 521 HEDEEHRELPLTH T, TOFETE, L0 X ok, %
ELiBESHBEOEN, LrIREXKBOROEELMB T THE D, FHEICHEREN
chEREh, +EBEHERLOBMEAXBR I Lo,

Lo Uik, EHBIEC X 5%EMTEREDHE, B &£ 2D REOHAE L, BB
FBEOEBTH Y, FOEENLD, Hx0LABHEZIABEHERO—RE L THLLD T
BA3AZ LATHETH S, ARRTRESAHEC X 5BREHAE LD # 2 EBDRARE
ZARALT, +0BEAROENBELRATEERIT LI,

2 BEMNRB

WRHNEEKIT, BEHIKREHZNZHR » » 7 YERFIIIT, LEERBH O KILETR
BRI Th5 Fig. )Y, SEORERNREMEIZ, TD3>H55 %4 (D-5) X v ik CEFHEK
AE: 123%, MEER: 7.72km?) ThH 5, BE, MKOBEIhB0IZ, BEX 4 D-RX
DTRADTHD, i, BHNHD, MERCESOERLEBRHOREXADR L T,

ek, AEMNREEE, HAREBFEE S X5 mUERSERRRL, ¥, BHROL
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I % .ZM')2877 m
l/'
; ;f\/\ j {: Check dam (D- )
MtFurano=— <=
A.—./

e
<’1912m

Fig. 1. Locality of the Nukkakushi-Furano River.

* FERTHE, 2854 (D-2) 38X A (D-3) ORMCHF LD £ 2 28R I hic,
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BRBRAEC L - THHSh T3, X528 54 (D2 LR CAKTASRLRAS
%, REMEFE L S ERBEIZRE LTG5, EBERORI S M I hi,
LIehio T, RROMETHE (Ef25 T O+EBBEPLCH LI L L LT,

II. ZEEBHORR

1. REEBHORE

2y h 7 VERBITRERES Y BMCEET A0, TAC I HMENIEN 2K
MICER X T X7 (Fig. 2, Table2), —2i%, 1844 (H: 10m, L: 75 m) 25k
BETOKA0m © S-T K CTFHERIEL: 1/9) T, 2 ELLEMIh T35, K#E
ok, AREHBTESHZ20m KX, FoMcHERE, BRBENLDS, LT, BE
WOEW320m it BELF L (H: 12m, L: 72m) BB IR T 5,

b5 —DOORKEBAEREL, “OBEFLXHEFH660m D S-R X (GTFHE
KAR: 1/9.3) T, 14 ENLEB/I TS, BE X & LHiM 1,400 m oM My, BED

{:.Check dam

:| : waterfall

| SN S N Y TS DA T N |

0 1km

Fig. 2. Surveyed area of Nukkakushi-Furano River.

Table 2. Outline of surveyed sections (by cross-sectional levelling)

Length . Width
(m) (m)
S-R 1974~1981 660 13.2~66.0 1/11

Section Survey period Slope

S-1 1972~1981 450 14.0~38.5 /1
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BEFEHHORBAONRD ), ARBBAOLELEERE Lo T 5 BEF 4 LRRKD &
ORI TIEHIL o),

18 # A DHWDE, 1971 EFr KB LEBCELT WS, ¥, BEFA0MPEIL,
19794210 ABs A CABELRMTH 27 mic# L, WEAKME S, EPEA2 L 2RMK
BT 12 ROBET IS AR S-R: 31~89m, S-1: 25~60m) I X » CIRK T BHE
Ihic*,

Table 3. Survey period and debris flow occurrence

Code
Survey period Occurrence
S-1 S-R
1972. 8. ~1972. 10 1972 I1-72-1 e
~1973. 6 1972, 10 I1-72-2 _—
~1973. 9 1973, 8 I1-73-1 —_
~1974. 7 1973. 9 1-73-2 e
~1974. 8 1974. 7 1-74-1 R-74-1
~1975. 7 1974. 9 1-74-2 R-74-2
~1975. 8 1975 1-75-1 —_
~1976. 7 1975. 8 1-75-2 R-75
~1977. 9 1976 R-76
~1978. 7 1977 R-77
~1979. 8 1978 R-78
~1980. 7 1979. 10 R-79
~1981. I-80 R-80

deposited area

... Scoured area

S SN U T
0 100 m
Fig. 3. An example of scoured and deposited area (S-1: 1972. 10).

* SRie>WwWT: 194 ETH, 8F0RRBEATIE, BEXFARXTEFTH Y, WHREDH ¥ 2 Elc
DIV ROXIIBEL K- ThbTHSB, T, linel, 2 L Z0oBRFEINL,
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S-1 T 1972 £ LARE 1981 42 % Ciz 9 [H], S-R T 1974 £ LA 8 E DL K & B38|l X
RT3 (Table 3),

Fig. 313, 1972 F 0+ FABE (1-72-2) o4 U & SE#RO S-T kT 56T
B»%, Fig. 4 iz, Z® > b line 4 B} % FENREL L RSB REC oW TERY
oA 7 vy FTRLTH %, B Lk ClophRilis b AORRIL, BRACHIRISRBE
fbxdbichb Lz, TDX5k, BRBEE L UMBLEEBEHIAE LcBE, BRACH
BEBHZ L, —WELOERLEENE LD L3S T,

o
% scoured (deep)

&~———- new channel course

€ ~— = past channel course
0—t———
0 10m
Fig. 4. Changes of channel bed at line 4 (S-1: 1972, 10).
A: plain.  B: cross section.

2, BEABROTILEHETER

Fig. 51, ZIKBMBIHOLLHALE LT, S-1 o line 4 » 1972 05 1974 5£ ¥ TOLEH)
RLICLDTHB, 1973486 A2H 1973 F 9 A TERIBICE3m Y ko LR
BRBLRK, BRO EFIHERY, TRIIEELER TS, £, 1B ECHEIHERS
ARCRERELTWSEESH Y, BIREHHOMMORE S~ Tk,
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1@ EC, B - EROFBRARL

—Aug'7?2 e Sept.'73
EUBZ LI, BREBTHNOENLE . o Oct. ‘72 ———Jul. 74

LT, 2RIEMCEHRERED B\VITE
FEREKEOELE LTHEBTAZ 08 1105

RERLTVS, LI THARCETD —'
Wi EBORSE, BAEO2ED T [k
@ CHEEhicANEOBHEE— 3 ||
¥ ZE{LE (DA: Deformation area in 21100 -
cross-section)—— CFEbT Z L & L
(Fig. 6), 0
2L, 13HE Rt L EEAE Width (m)

Bicd U s, BEE/LE DA A E Fig. 5. Fluctuation of a channel-bed measured
SR by cross-sectional levelling (S-1, line 4).
HisEETCHS D, ARIhBZ L
oA, FEE, WEELE DADEAR X - THEERZHEMINCHER L EBCX S L,
Table 412, DLED X 5w LTRDILMHE(LE DA L FHEBHHOWT, ELABE)

deformation area

deposition
scouring

Fig. 6. Channel bed deformation and deformation area.

Table 4. Deformation area in cross section and deformation height
of average bed level (Maxima of the absolute value)

Survey 1972.8 ~'73. ~'73. ~14. ~"74. ~'75. ~’T5. ~’76. ~*71. ~’78. ~79. ~’80. _,

period ~7210 6 9 7 8 7 8 7 ¢ 7 g 7~8
Code —- - — —RUMRU 75 R76 R-T7 R-78 R-79 R-80
S-R | pa 13 84 8l —58 12 36 30
DH 04 22 —22 —15 03 03 08
1-72 1-72 1-73 1-73 174 1-74 1-75 1-75
Code 14 =2 414 =2 a1 =2 4 =2 - — — —1-8
S-1| pa 32 18 48 —6 7 36 —15 9
DH 04 03 14 —02 —03 13 —07 —04

DA: Deformation area in cross section (m?2).
DH: Deformation height of average bed level (m).
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B, #YEORXEYRLALLOTHS, FHEBRF LI, WEELE DA ¥ EKES C
BUIfCh%b, S-R THRE LA, KEE(LE DAPKEKTI2~84m? S-1 Tz
6~48 m? DWFEELE L ich Lic, ¥, PHEHHTHIE, S-RT03~22m, S-ITik
02~14m &7t ote,
3. ZEEXREILLR

WEAELE DA, FRAEHAFCRT S 2 REOERWAELELRTH, o
Lo CEHBRED 3 RTH L BLEYREIRT, ThbD, Fig. TRL L5, ZHR
DA 5> PR & OPR] E TOREL & NRARERME L L, FHRC KT 26 EHE\E DA L%
DHBAEXEE L DBEY, ZEE(LE (DV: Deformation volume) & L7z,

Distance represented by line b
[ I

a |4 _ég I c
—

R

N

o —X%

{2

D%:DM-@%ug)

Fig. 7. Calculation of deformation volume (DV).

DV: deformation volume.
DA : deformation area in cross section.

ZZC, 2PBOMEEEOFHEL 2 AHRHOERE L OB X » TERELEL R D
b o e BB, FAOWBRTERED, b O—FTHERIE LLEE, S#HURTESIORE
HR - BEOBRIRFAIIT, ZOKHMOBIENERESh, BACI-TRREALER
BB THA, dbHA, RRLEFECEWTY, & x2iY, linea & lineb & CHE
(BE#E) 234 Uleaih, line a-b M/ MAB IR OER) M CBE, BENE®-TER SR
DT LB h, BAEHEPCC 0 X ) nEWEATORR - BEBE 4 Cladvo 1,

Fig. 8%, S-1 T4k L ABH 1-72-2) w2, RO ELLE DA %,
B AR CRESh2EHAY R LAAITH S, I TERAVOERKIL, FWHERERME
ODRKENEDVERT I L LD, TIZEAD IO, MERENIHERXE & EERE &

* LoBAORKBLE, FERCEVCTHENMES, @52 0RKERODH - BN RE ¥ B
T5,
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¥

[ =

°

§ . Deposited length , Scoured length

é 40

o e

£

« 20T

¢ L

= ok —— 10 1112

2 1 234 5 6 7 8 9

o 3

£ 0l

8 -20

8 1 1 ] 1 1 N L 1 i 1 >
0 100 200 300 4

up-stream
Distance (m)

Fig. 8. An example of distribution of deformation area in cross section.

Ro2hs0THHH, HEXE, HEXEI ERL 28811, SUERRXKEOATY
ERXEE, EEXEERE L,

Table 543, AED X5 LTRDIRKE(LE DV LR - BEXMBELRLALLDT
»b, BRELBCOVCTRMERFE COAFHET, i, #E - BEXMREIZ4«ORER
ETRLTHD, BEKEAEDVZ, S-RCIZHEER: 9,000~20000m? PFEHEE: 200~
10,000 m® & 7g b, S-1-Ciz, #BEE: 400~6,000 m%, ¥R : 500~1,000m3 &g t, %ic,
¥ - BERERCOVWTE, SR, HEERXHE: 40~270m, H#EXKRK: 50~470m T
»HY, STtk #EEXER: 50~290m, FEIMEMK: 60~180m TH - 7,

II. ®EY LY

1. WY LOWME

W F LD RRFAE L, BE L 4 (D-R) & 1~55 &£ 4 (D-1~D-5) @ 6 OB & &
CRWTER L, Table 6 K& & 2 DBELRR LA, £E: 80~120m, K : 72.0~
129.0m, FHEFFAHE: 19,000~63,000m® Lo T3, Fi, HWE & 212, 250~1,200m
ORI T, D-REKRE, HEALKIVBELIh T3, 7B, D-REZEBLEWE £ 08D
HEil, BTHI~SFETKBALERBCELTWS (UUF TH#),
2. #HPpORIBE

Table 7 (31980 - 7 ARy SO BB # 2 OHRRE Y, Fig. 9 (ZHMBREDRELYRL
D THS, MBI, EWIREFEDHELH S 12,000~40,000 m* - HH X hiz,

D-2~D-5 O¥BWEIL, HBDAE, HEMPC LT, £ 2EEROBIRRK DA
B : 1/56~1/21) & %o EHRMORR A K CGERAR : 1/13~1/11) © 2RKB K5y Ehiz,



Table 5. Deformation volume and deposited and scoured length
. 1972.8
Survey period ~’72.10 ~"13.6 ~'73.9 ~T47 ~T4.8 ~'75.7 ~'75.8 ~76.7 ~'T1.9 ~8.7 ~'79.8 ~'80.7 ~’8l
Code — — — — R-74-1 R-74-2 — R-75 R-76 R-77 R-78 R-79 R-80
DV-Deposition 3,300 20,000 8,300 1,900 900 3,100 1,300 2,300
(total) m3
DV-Scouring 200 2,300 10,100 5,100 1,000 500 1,000 2,400
S-R (total) m3
Deposited 200 270 190 190 85 225 40 140
length (max.) m
Scoured length 75 50 470 230 140 90 200 100
(max.) m
Code 1-72-1 1-72-2 1-73-1 1-73-2 I1-74-1 1-74-2 1-75-1 1-75-2 — — —_ — 1-80
DV-Deposition 1,200 1,400 4,000 400 500 5,900 1,100 700 700
(total) m3
DV-Scouring 1,200 900 700 500 600 1,200 1,100 1,000 1,300
S-1 (total) m3
Deposited 145 90 250 80 65 285 65 50 65
length (max.) m
Scoured length 90 175 60 75 70 165 160 90 150

(max.) m

DV: Deformation volume.

(Sl pw) HHBMUIBFERI T UL APy # 2EEYR
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Table 6. Outline of sabo-dams
Dam .
) . Distance from :
designation)  Constructed Height Length Wa;i:;shed the next dam Channel-bed Design-accumulating Sczd;rzietnt
- year a above slope gradient pacity
Dam (m) (m) (km?) (m) (X 10° m?)
D-R 1974 12.0 72 1.83 — 1/9.3 1/15 58
D-1 1967 10.0 75 2.07 1,200 1/9 1/13 30
D-2 1969 12.0 101 6.98 950 1/10 1/15 63
D-3 1970 12.0 126 752 600 1/10 2/15 53
D-4 1971 8.0 82 7.62 300 1/10 1/15 19
D-5 1973 8.0 129 7.72 250 1/10 1/15 19
Table 7. Outline of deposits behind sabo-dams
Deposit slope Grain size of boulders
Volume of Deposits Length of
Dam deposited  Depositing width  gentle slope max. medium
sediment period** (max.) deposits lower part  upper part
(gentle) (steep) gentle steep gentle steep
(X103 m3) (m) (m) (cm) (cm) (cm) (cm)
D-R 18 (40)x 1974~ 39 — — 111 % 8.3
D-1 28 1967 ~71 66 —_ —_ 1/11 88 3.7
D-2 33 1969~73 81 128 1/21 1/13 ) 53 69 23 9.0
D-3 21 1970~75 87 82 1/40 1/13 26 99 2.7 29.3
D-4 12 1971~75 59 37 1/38 1/11 19 118 33 13.7
D-5 6 (12)* 1973~76 35 46 1/56 1/13 24 130 2.3 28.3

* containing the volume that deposited before the construction of sabo-dams.

** until the deposits reached the tops of the sabo-dams.
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D-3 1970
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L 1

I 1
0 50 100 150 m
Fig. 9. Configuration of the deposits behind sabo-dams.
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DR AMEARK KA TH v, D-1IR@AREHE & /b,
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Fig. 10. Distribution of the grain size
of boulders on the deposits
behind the sabo-dams (by top
ten sampling in 10 m X 10 m).
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4 A : undivided

Hie, EEOPLIIEROBER 10cm ORBOEETH D,
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DEFHHEWERD 18~43% Lico T 5,

Table 8. Volume of deposits

A: Construction ~ B: before the deposits
D b N
am & Average a Ba/Aa
Deposited Period deposited Deposited
volume ear volume volume
(x10% m?) i (x10% m¥/y) (x10% m3) (%)
D-2 33 11 3.0 27 82
’69~’80
D-3 21 10 21 19 90
*70~’80
D-4 12 9 1.3 9 Y
*71~’80
D-5 6 7 0.9 5 83
*73~80

* except the period, ’78~’80, because of no change.
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Fig. 11. Distribution of the grain size of boulders on the deposits

behind the sabo-dams (by line grid sampling).

behind sabo-dams

reached the tops of sabo-dams

C: after the deposits reached the tops of sabo-dams

b

C

a

b*

[

Average Average
Period deposited Deposited Period deposited Ce/Be
ear volume volume o volume
y (X10% m¥/y) (X103 m3) year (X108 m3/y) (%)
4 6.8 6 5 1.2 18
’69~°73 *73~78
5 3.8 2 3 0.7 18
*70~°75 *75~78
4 2.3 3 3 1.0 43
71~'75 *75~"78
3 1.7 1 2 05 29
*73~76 76 ~"78
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Fig. 12. Typical examples of distribution of deformation area
in cross section.
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Fig. 13. Fluctuation of deformation area

in cross section.
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Fig. 14. Calculation of flowed discharge of debris
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Summary

This report is concerned with the actual condition of bed-load movement in a torrent
stream that still defies full understanding because of the complex nature of the variables in-
volved. The authors have been studying about channel characteristics dealing with repetitions
of bed-load movements in channels as one of the processes of geomorphological transition. A
certain series of channel-bed deformations caused by flood conditions has been surveyed and the
actual conditions of deposition behind sabo-dams were investigated regularly, in active channels
which were influenced by repetitions of bed-load movements, especially such as debris flow
(Table 1).

The investigation field, the Nukkakushi-Furano River, is located in the central part of
Hokkaido (Fig. 1). There is an active volcano nearby, Mt. Tokachi (2077 m), which erupted
twice in this century, in 1926 and 1962. The Nukkakushi-Furano River flows down from
a crater and flows into the Sorachi River which is a tributary of the Ishikari River.

The investigation was performed particularly along the 4 km section above No. 5 sabo-dam,
D-5, which has an elevation of 870 m (Fig. 2). In the study section, which had an average
slope of 12.3%, and a watershed area of 7.72km?, six sabo-dams were built from 1967 to
1974 (Table 6). The sediment capacities of the six dams were estimated to range from 19,000
m? to 63,000 m?.

The deformation of the channel-bed was measured after each movement in two
sections by cross-sectional levelling on 12 crosslines, each with fixed points. One section
extended about 450 m up from D-1, (S-I), and the other about 660 m up from D-R, (S-R)
(Table 2).

Channel-bed deformation occurred eight times in S-R from 1974 to 1981, and nine times
in S-I from 1972 to 1981 (Table 3).

The degree of deformation was measured by the cross-sectional area (DA: deformation
area in cross-section) that was enclosed by the cross-lines before and after the deformation
(Max. of DA, S-R: 12~84m?, S-I: 6~48 m?) (Table 4, Fig. 6).

The survey sections were classified into deposited sections and scoured sections, both of
which were of various lengths (Deposited length (max.), S-R: 40~270 m, S-I: 25~290 m.
Scoured length (max.), S-R: 40~470m, S-I: 25~165m) (Table 5, Fig. 8). 1-74-1: In a
zone shorter than 300 m behind D-1, deposited and scoured sections spaced three times in
alternate position. I-74-2: As a good contrast, the single deposited section was longer than
250 m and the deformation area in cross-section was much larger than I-74-1 (Fig. 12).

Dams, except D-R, were built along the upper stream, one after another. The surfaces
of deposits behind the sabo-dams, except those behind D-R and D-1, were divided into two
parts (Table 7, Fig. 9): lower parts (sloping : 1/56~1/22) and upper parts (sloping : 1/13~1/11).
The lower parts consisted mainly of sand and gravel whose maximum diameters were in the
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approximate range of 20~50cm. On the other hand, the upper parts consisted mainly of
sieve-deposits or groups of boulders whose maximum diameters were in the approximate range
of 70~130 cm (Fig. 10, 11).

It is impossible to directly measure the volume of debris flow, so that the flow discharge
through each cross-section was estimated with a calculation based on the balance between the
deposited and scoured volumes (Fig. 7, 14).

Debris flows may be classified into two types (Fig. 15); One is the movement from an
upper channel (S-R: July 1974 and Sept. 1974. S-I: Sept. 1974) and the other is the move-
ment that occurs in the selfsame section by bed-load scouring (S-R: Aug. 1975. S-1: July
1974 and Aug. 1975). Therefore debris flows that moved in S-R did not move continuously
to S-I.

This fact means that debris flow has a characteristic of discontinuity which is also as-
sumed by the fact that the deposits behind sabo-dams (D-2, D-3, D-4 and D-5) were divided
into two parts because it is presumed that most of the mass of debris did not move out
below each dam even after the deposits reached the tops of dams. Also the fact that the
sabo-dams, except D-R, were built in the upper stream one after another means the following :
Deposited materials from debris flows were supplied from the channel-beds between the dams.

Thus the area where the channel-bed was deformed may be divided into a few sections
where debris flows occurred in each and it is identified as a peculiarity of debris movements.

Based on the above assumptions that a torrent stréam may be an aggregation of a few
sections in which debris flows occur, it was assumed that channel characteristics can be re-
presented by the distribution of sections with their. own inherent characteristics. These char-
acteristics may be expressed by the frequency and the volume of debris flows (Fig. 18).

The two surveyed sections, S-R and S-I, were compared being characterized by peak
volumes of debris flows (ordinate) and return periods (abscissa) (Fig. 19). Each debris flow
was plotted by its volume and the return period corresponding to the volume. This return
period consists of the total investigated period, divided by the number of debris flow occurrences
that had greater volume than other debris flows. Therefore it seems to show something like
the frequency or the probability of debris flows in each section. It suggests that each section
has specific characteristics, which means here the measure of the probability of debris flow
or the measure of the instability of bed-loads. For example, a debris flow with a volume of
5,000 m* corresponds to the one that occurs once in shorter than three years in S-R but
once in eight to nine years in S-I.

These relationship can be expressed using the following equations:
S-R: log Vp =2.99+1.54log T (r =0.98)
S-1: logV, =250+1.34log T (r =0.99)
T: return period
Incidentally it is presumed that the description of stream-channel characteristics is needed
not only for planning, but also for evaluating sabo works. Further investigations are evidently
needed for a through knowledge of channel characteristics related to the discontinuous occur-

rence and movement of debris flows, including the effect of sabo-dams that change or improve
these characteristics.



KfFE—1 Profile of channel bed deformation in S-R
line 1 2 3 4 5 6 7 8 9 10 1 12
Distance from D-R (m) 15 65 115 165 215 246 206 344 433 510 584 635
Distance between (1) 50 50 50 50 31 50 48 89 7 74 51
Width (m) 36.0 385 380 365 290 300 325 325 140 165 17.0 21.0
Border (m) 40 9 140 190 2305 271 320 3885 4715 547 6095
Bound length  (m) 40 50 50 50 405 405 49 685 83 755 625 51
R-74-1 DA (m?) 13 -2 2 0 5 4 3 -1 7 6
DV (m?d) 650  —100 80 0 250 270 250 —80 440 310
FD (md 1000 1650 1550 1630 1630 1880 2150 2400 2320 2760 3070
DH () 03  —o01 01 0 0.2 0.1 02  —01 04 0.3
R-74-2 DA (m?) 84 79 27 30 —47 42 23 27 0 4
DV (m9) 4200 3950 1000 1210 —2300 2880 1910 2040 0 210
FD (m? 2500 6700 10650 11740 12050 10650 13530 15440 17480 17480 17690
DH (m) 2.2 22 0.9 10 —14 13 16 16 0 0.2
R-75 DA (m?) 37 30 81 2% —22 -7 -2 —30 —24 —36 —13 —4
DV (md) 1480 1500 4050 1300 —890  —280 —1130 —2060 —1990 —2720  —810  —200
FD (m%) | 1750 3230 4730 8780 10080 9190 8910 7780 5720 3730 1010 200 0
DH (m) 1.0 08 2.1 07  -08 —02  —07  —09 —17  -22  —08  —02
R-76 DA (m?) g  —13 —58 —25 -3 -5 9 0 0 11 4 2
DV (m9) 320 —650 —2000 —1250 —120  —200 40 0 0 830 250 100
FD (m% | 4800 5120 470 1570 320 200 0 440 440 40 12710 1520 1620
DH (m) 02 —03 —15 —07  —01  —02 0.3 0 0 07 0.2 0.1
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line 1 2 3 4 5 6 7 8 9 10 11 12
R-77 DA (m? —12 -2 -1 12 -3 3 -0 -3 2 0 0 0
DV (m3) —480 —100 —50 600 —120 120 0 —210 170 0 0 0
FD (m3) | 630 150 50 0 600 480 600 600 390 560 560 0 0
DH (m) —0.3 -0.1 0 0.3 —0.1 0.1 0 —0.1 0.1 0 0 0
R-78 DA (ri?) 36 13 0 —6 2 —4 -1 7 3 3 0 0
DV (m3) 1440 650 0 —300 ‘80 —160 —50 480 250 230 0 0
DF (m3) 0 1440 2090 2090 1790 1870 1710 1660 2140 2390 2620 2620 2620
DH (m) 1.0 0.3 0 —-0.2 0.1 —0.1 0 0.2 0.2 0.2 0 0
R-79 DA (m?) 30 -5 -3 -1 2 0 -3 -2 -1 0 -2 0
DV (m3) 1200 —250 —150  —50 80 0 —150 —140 —80 0 —130 0
FD (m3) 0 1200 950 800 750 830 830 680 540 460 460 330 330
H (m) 0.8 —0.1 —0.1 0 0.1 0 —0.1 —0.1 —0.1 0 —-0.1 0
R-80 DA (m? 32 —22 -8 12 —14 -2 6 0 -1 1 1 -4
DV (m3) 1280 —1100 —400 600 —570 —80 290 0 -80 80 60 —200
FD (m3) | 270 1550 450 50 650 80 0 290 290 210 290 350 150
DH (m) 0.9 —0.6 -0.2 0.3 —0.5 —0.1 0.2 0 —0.1 0.1 0.1 -0.2
DA : Deformation area in cross-section.
DV: Deformation volume= DAXBound length.
FD: Flowed discharge.
DH: Deformation height of average bed level=DA/Width.
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f#%—2 Profile of channel bed deformation in S-1

(B FHARIBFEPEITUr @ vy THWEMR

line 1 2. 3 4 5 6 7 8 9 10 1 12
Distance from D-I (m) 25 50 75. 100 125 150 200 230 265 305 360 420
Distance between () 25 25 2 2% 25 50 30 35 40 55 60
Width (m) 66.0 59.4 396 26.2 246 282 224 166 176 174 132 29.8
Border (m) 37.5 625 875 1125 1375 175 215 247.5 285 3325 390
Bound lengh (m) 37.5 25 25 25 2 37.5 40 325 375 475 57.5 60
1-72-1 DA (m? —10 32 -9 4 —4 -6 0 1 2 2 -2

DV (m? —380 800  —230 150 —200  —240 0 40 100 120 —120

FD (m9) | 380 0 800 570 720 520 280 280 320 420 540

DH (m) —02 04 —02 02 —01 —0.3 0 0.1 0.1 02 —01
1-72-2 DA (m?) 18 -5 —4 5 3 -3 —4 -2 5

DV (m?) 680  —190 —200 250 120 —160 —260  —120 300

FD (m%)| 0 680 490 290 540 660 500 240 120

DH (m) 03 —01 —02 ; 02 0.1 —02 —02 —02 02
1-73-1 DA (m? 2 48 28 36 20 6 3 3 0 —4 2 -8

DV (m?) 80 1200 700 900 500 230 120 100 0 —~190 120  —480

FD (m¥)| © 80 1280 1980 2880 3380 3610 3730 3830 3830 3640 3760

DH (m) 0 0.8 07 14 0.8 0.2 0.1 02 0 —02 0.2 —0.3
1-73-2 DA (m?) 5 2 -3 —2 -6 2 2 -1 -2 0 -2 0

DV (m3) 190 50 —80 —~50 —150 80 80 —30 —80 0 —120 0

FD (m¥) | 110 300 350 270 220 70 150 230 200 120 120 0

DH (m) 0.1 0 —0.1 01 —02 0.1 0.1 —01 —0.1 0 —02 0
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line 1 2 3 4 5 6 7 8 9 10 11 12
1-74-1 DA (m? 3 7 -1 2 1 —3 3 -2 —3 0 —4 0
DV (m3) 110 180 —30 50 30 —110 120 —70 -110 0 —230 0
FD (m3) | 60 170 350 370 400 290 410 340 230 230 0
DH (m) 0.1 0.1 0 0.1 0.1 —-0.1 0.1 —0.1 —-0.2 0 —-0.3 0
1-74-2 DA (m?) 36 11 36 28 31 19 15 13 4 -3 -9 -9
DV (m%) 1350 280 900 700 780 710 600 420 150 —140 —520 —540
FD (m3) 0 1350 1630 2530 3230 4010 4720 5320 5740 5890 5750 5230 4690
DH (m) 05 02 0.9 11 13 07 07 0.8 02 —02 —07 —03
I-75-1 DA (m? 14 2 —12 0 0 0 -15 -2 -3 -1 0 8
DV (m?) 530 50 —300 0 0 0 —600 —~70 —110 —50 0 480
FD (m3) | 550 1080 1130 830 830 830 230 160 50 0 480
DH (m) 0.2 0 —0.3 0 0 0 —0.7 —0.1 —0.2 —-0.1 0 0.3
I1-75-2 DA (m?) -7 9 4 —4 —8 -3 6 —6 -1 1 -2 1
DV (m3) —260 230 100 —~100 —200 —110 240 —200 —40 50 —120 60
FD (m?d) | 410 150 380 380 180 70 310 90 70 120 60
DH (m) —0.1 0.2 0.1 —0.2 —0.3 —0.1 0.3 —04 0.1 0.1 —0.2 0
1-80 DA (m?) 10 12 0 -2 -1 -8 -5 —4 —4 1 -3 —4
DV (m3) 380 300 0 —50 —30 —300 —200 —130 —150 50 —170 —240
FD (m3) | 540 920 1220 1220 1170 1140 840 640 510 360 410 0
DH (m) 0.2 0.2 0 —-0.1 0 —0.3 —0.2 —0.2 —0.2 0.1 —0.2 —-0.1
DA: Deformation area in cross-section.
DV: Deformation volume=DAXBound length.
FD: Flowed discharge.
DH: Deformation height of average bed level=DA/Width.
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Plate 11 WA - #iE
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BE—4 L 5 EKET (S-R, line 10)
Photo 4. Channel bed lowering by scouring (S-R, line 10).

S

BE—5 by Ao (D-1, 14 13 4)
Photo 5. Deposition of Sabo dam reservoir (D-1, 13 years after construction).
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HETBTE O [ 45 7%

BHE 6 B sdiai (D4, TH 9 4F)
(D-4, 9 years after construction).

Photo 6. Deposition of Sabo dam reservoir (I



