55 2
2000 3

Vol. 55, No. 2

ACTA GEOGRAPHICA SINICA Mar., 2000
: 0375-5444 (2000) 02-0228407
K X, £
( )
P931. 1 A
[1,2]
2 [3’4] 2
13
1976 1980 )
, 5
, 15 1 10
: 1999-07-16; : 1999-11-08

(49671011) [ Foundation Item: the National Natural Science Foundation of
China, No. 49671011]

(119634 ¢ 5 Edhail] | chxshi@ hkusua. Kk hk



2 229
1976 1980 2,
, 1
TE_ 100
2 &£ 300
v
o 200
13 N
€ w00 |
w
3 B 0
R 1.30 165 m / S,
19.0 306 kg/m’ 5 ’ . : °
' kg/m [7LR S RCvq
1 (S)
Go  0.60 6.04 (Ca)
Con 396 16.69 Fig. 1 Relation between coefficient of
variation of mean daily discharge (ratio of
( mean square root of variation to the mean
1) C.) and mean sediment concentration (S) of
> hyperconcentrated flow dominated rivers
, 200 300 kg/m’ \ 300 kg/m’
[5]
[1]
, ; (2
ds=0.036 mm  d< 0.0l mm  21% el
T r
x
'
L
a x
>
H 3
=
2
|
0 . R ) L R N ) )
[ 200 100 600 500 1000 1200 1408 1604
EWRS (ke/m)
x EWHE  —e— RIARH- RN R IR
2

Fig.2 Comparison betw een measured velocity of flow with various sediment concentration

andthresho Id0vElodity o ldm i ar Rurbtlent Yransition



55

230
[6,7]
300 kg/m’ ,
300 kg/m’ 2.0%, 45.8%
90.2% , 66.7%
3
3.1
2 o [8]
, 500 m’/s ( 3,
400 kg/m’

Wl W tER YR

1] 200 400 600 800 1000 1200 t400¢
SHES fym®)
3 500 m’/s (S)
(B"*/H)

Fig-3 Relations between index of channel cross
sectional geometry (ratio of square root of width
to depth BY?*/H) and sediment concentration of

discharge over 500 m*/s

Hr
12 F
gE Hi
ﬁ 8t Q )
¥ L
E 6
2 4t o
& )| Y
0 : '
6.0 0.1 1
TR B Sh T
4 (Su/H)
(BY/H)
Fig.4 Relations  between  intensity  of

sedimentation in channel (ratio of mean square
deviation of channel bed height to channel depth Si/
H) and index of channel cross sectional geometry

{(Hhiho o' Sqtratelro ot Q¥ Swidt bt 6 depeh BY2/ Y



231

3.2
3.2.1
[9]
() ;
3.2.2
(6
2.5
2.0
£ S &
g 1° & 0
L0 o
0.5
0 2 4 g g
H¥f#TEEFRECvq
5 (Cw) (r)

Fig.5 Relations between channel sinuosity and
coefficient of variation of mean daily discharge
(ratio of mean square root of variation to the

mean Cu)

3.2.3

[ 11]

25
2.9 )
L5 o
1.0
0.9
0.0

#,

0 30 100 150 200 230

1555 RS (kpm)

306 350

6
Fig. 6 Relation between the channel sinuosity

and mean sediment concentration

10
M Schumm



55

232
[12]
2 2
2uosp
&
0.4
]
2 0.5
P
& 02
bl
% g
=
E 9
0 100 200 300 400
FHEWRS kgm')
7
Fig-7 Relations between the intensity of
thalw eg migration (S,/W) and mean
sediment concentration (S)
6 7 ,
100 kg/m’ 100 kg/m’
200 kg/m’,
2 ,
4
(1) , ,



2 : 233

400 kg/ m’
(3) ;

(References)

[1] Qien Ning. Movement of Hyperconcentrated Flow [M]. Bejing: Tsinghua University Press, 1989. 1 206. (InChinese) [
[M]. : , 1989. 1 206.]

[2] QiPu, Zhao Wenlin, Yang M eiging. Movement Laws and Application Prospects of Hy perconcentrated Flow in Yellow River [M].

Beijing: Science Press, 1993. 1 341. (In Chinese) [ s s . [ M].
, 1993. 1 341.]

[3] Xu Jiongxin. Meanders caused by hyperconcentrated water flow: an example from the loess plateau, China[ J]. Ada Geographica
Sinica, 1992, 47(1): 40 48 (In Chinese) [ . [J1- , 1992, 47(1): 40
48]

[4] Xu Jiongxin. Response of channel pattern to spatial changes in sediment cncentration and threshold phenomenon[ J]. Science in
China (Series D), 1997, 27(6): 548 553. (InChinese) [ . []]. (D

), 1997, 27(6): 548 553.]

[5] Qi Pu, Li Shiying: Liu Yuelan et al. Changes in Flow and Sediment Load of the Yellow River and M easures of Sediment

A caimulation Alleviation in the Lower Yellow River[ M. Zhengzhou: Yellow River Conservancy Press. 1997. 42 45. (In

Chinese) | s s . [M]. : , 1997. 42 45.]

[6] QiPu, Han Qiaolan. Resistance characteristics of the hyperconcentrated flow i the Yellow River and its alalation[J]. Huanghe
Riwer, 1991(3): 16 22. (In Chinese) [ s . [1. , 1991(3): 16 22.]

[ 7]  Fei Xiangjun- A model for calculating viscosity of sediment carrying flow i the middle and lower Y ellow River[J]. Journal of
Sediment Researchg, 1991(2): 1 13. (In Chinese) [ - [J1- » 191(2): 1
13. ]

[8] Shi Changxing, Xu Jiongxin. A study onthe regularity of adjustment of channel cross=sections and diredion of channel training of the
lower Yelbw River[J]. Geographical Research, 1997, 16(2): 57 64. (InChinese) [ s

[J1]. , 1997, 16(2): 57 64.]

[91 Qin Ning, Zhang Ren, Zhou Zhide- Study of Chamnel ChangelM]. Beijing: Science Press, 1987. 195 196. (In Chinese) [ s
s . [M]. : , 1987. 195 196. ]
[10] Leopold L B, WolmanM G. River channel pattems: braided, meandering and straight[J]. U. S.Ged.Survey Prof .Paper No. 282
- B, 1957. 39 85.
[11]  Schumm S A, Khan H R. Experimental study of channel patterns[ JI. Geol.Soc-Amec. Bull., 1972, 83(6): 1755 1770.
[12]  Shen Yuchang. Gong Guoyuan- An Outline of Fluvial Geomorphology[M]. Beijing: Science Press, 1986. 177 180. (In Chinese)
[ . ) [M]. : , 1986, 177 180.]



234 55

Evolution of Meanders with Hyperconcentrated
Flow in the Loess Areas

SHI Chang—=xing, ZHANG Dian
(Dept- of Geography and Geology, Hongkong University, Hongkong)

Abstract: In the loess areas, especially on the Loess Plateau in China, most of the rivers
discharging hyperconcentrated flows have developed a typical meandering pattern. Based
on the data of thirteen meandering rivers on the Loess Plateau and the Yangchangzi River,
the properties of water flow and sediment load of these rivers, the effects of variations of
flow and sediment load on channel cross sectional geometry and sinuosity, are analyzed in
the paper. The data include the daily flow and sediment load and the geometry of channel
cross sections recorded from 1976 to 1980 as well as the plan of channel measured on the
landscape maps with a scale of 1 50 000 or 1 100 000. From these data we extrast
parameters reflecting the characteristics of flow and sediment load, channel geometry, and
sedimentation in channel and channel adjustment thereupon.

Follows are the results of analyses. 1) As the rivers with low sediment concentration,
the hyperconcentrated flow dominated rivers have a narrower and more sinuous channel if
the fluctuation in water discharge is low. 2) With the increase of sediment concentration,
the channel cross sectional geometry is usually widened in the case of the rivers with low
sediment concentration. Since a narrow channel is one of the requisite conditions as well as
the result of sediment transport of hyperconcentrated flows, the channels become narrow
initially as the sediment concentration of hyperconcentrated flow increases. However, if
the sediment concentration is larger than a certain value, the energy consumption of
sediment transport is lowered down thenceforth with the increase of sediment
concentration, and the flow becomes unsaturated and has a higher channel making
capacity, so the channel is widened. Revealed by the instantaneous hydrological records,
the transition takes place at the sediment concentration of about 400 kg/m’. 3) Both
excessive and low intensity of sedimentation in the channel is unfavorable to development
of meanders. In the case of the rivers with a low sediment concentration, the energy
consumption per unit distance increases with the enlargement of slope and discharge and so
the capacity of channel making of the flows; therefore, the channel sinuosity increases
initially and decreases later. Regarding the hyperconcentrated flow dominated rivers, the
energy consumption of sediment transport is lowered and the channel making capacity as
well as magnitude of sedimentation are enlarged accompanying with the increase of
sediment concentration, so an initial increase of channel sinuosity is followed by a decrease
also. Due to the difference of the mechanism of channel sinuosity adjustment from that of
cross section changes, the existence of the asychronism in the adjustment of the two

factors is reasonable.

Key words: Loess plateau, Hyperconcentrated flow, Meandering channel, Channel

geometry, Channel pattern



