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R NETR TR B RRAE A R B9 i B R SRR SR RHE
Tab.1 Sediment storage and the character of the water-sediment regime in wet season in the Xiaobeiganliu reach
at different periods

g WKL) KLy FPEkem) kP REE(kg/m®) WEEAZm’) REEHRAZ mY/a)

1960-1970 4 194.34 10.26 52.81 0.029 18.95 1.72
1971-1985 4 161.82 5.80 35.85 0.024 8.05 0.54
1986-1998 4 89.25 4.37 48.93 0.058 11.16 0.86
1999-2015 4 77.89 1.20 15.45 0.021 3.01 0.18
1960-2015 4 125.88 4.95 39.32 0.033 41.16 0.74

®2 METFRAETEEA B IR E R H SRk SR HFE
Tab. 2 Sediment storage and the character of the water-sediment regime in dry season in the Xiaobeiganliu reach

at different periods

] eIk m)  KvbEdzYy  SibEkgm)) KPP REE(kg/m) MR m®)  IWELUEHAZ mY/a)

1960-1968 4F- 134.47 091 6.78 0.011 0.28 0.03
1969-1977 4 134.27 0.83 6.19 0.010 -5.90 -0.66
1978-1998 4 124.70 091 7.29 0.012 -7.05 -0.34
1999-2006 4 102.78 0.60 5.85 0.012 -4.16 -0.52
2007-20154F 113.58 0.13 1.13 0.002 -1.74 -0.22
1960-2015 4 120.38 0.69 5.70 0.010 -18.79 -0.34
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Fig. 4 Comparison between simulated and measured cumulative sedimentation processes, and simulated and measured
cumulative sediment storage in the calibration period (1960-2001) and validation period (2002-2015)
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Fig. 6 Comparison between simulated and measured cumulative sedimentation processes,
cumulative sediment storage, and sediment storage in dry season in the Xiaobeiganliu reach
in calibration period (1960-2001) and validation period (2002-2015)
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Fig. 7 Relationships between cumulative sediment storage in wet season and the Tongguan elevation,
and sediment storage and sediment load in wet season in the Xiaobeiganliu reach
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Tab. 4 Contribution rate of water-sediment regime and Tongguan elevation on the sediment storage in wet season
in the Xiaobeiganliu reach at different periods during 1960-2015
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Tab.5 Contribution rate of water-sediment regime and Tongguan elevation on the sediment storage in dry season
in the Xiaobeiganliu reach at different periods during 1960-2015

- Vorm i Bt LR YISUEIF O Ss TG R A RS A i it o

(m) (fZm’) (fZm’) HXHEAL M) TR HXHEAL M)  TIEkF
1960-1968 4 324 -0.12 -0.56 -0.12 0.21 -0.44 0.79
1969-1977 4 3283 -2.65 -3.10 -2.65 0.85 -0.45 0.15
1978-1998 4 326.8 -8.81 -9.23 -8.81 0.96 -0.41 0.04
1999-2006 4 328.2 -4.50 -4.48 -4.50 1.00 0.02 0.00
2007-20154F 327.8 -4.92 -4.86 -4.92 1.00 0.06 0.00
1960-2015 4 324 -3.20 -22.22 -3.20 0.14 19.02 0.86

TE: a AR BOE B OC R AR Sl it s b SRR AR S0 ) OC AR SR it

79%. T 75— AR THY 1978-1998 4F , 1 G R RE AU DTk R N FEE T 4%, XFHHER
AR A ASEBMETEH . 1969-19774E . 1999-2006 4EF12007-2015 4, 3N BEAd i 6
RN RIS, BR T 1969-1977 4E STk R 50000 15%, HATBASIHIET 0. FHH &
SR I o FE R AR B T — W b, (ER SR A R K VAR A 5 | A AR vl Ry = o

6 %45

R 4l YT 3 Y AR P S R R ML, E R E R AR VD R AR ph IR R T (O
) Rl Seat L, ST T REAS T AT A TR A E TRIDT i (4 U e AR R O
i e W oy AU /AL R TRI AE U A vh IR R, AT O R AR K Ok
VPN RV RFAIE s BRI A E R 8 v iR s AR RS . 251800 F .

(1) /AL T J A AR TR B op it i A HL A B A B s (R 22 5, ] 49 R 2SRRI )
Bt /NI TR Y wp R e B RS 43R 1960-1970, 1971-1985 4F . 1986-1998 4E Fl1 1999-
2015 4F 4B s /NI I AR TR0 it B o] 438 SASBYBE, 4310 1960-1968 . 1969-
19774, 1978-1998 4. 1999-2006 4 4112007-2015 4,

(2) 7 T REMSASFUTII AN E TR o AR Tb 0 s J i AR AR, By (A4l T /N
T3 1960-2015 4F A1 ARSI ) vh it it 72, TR R s . R WA AR TR 28
T IR BT, R0 5150 0.98 F10.96., AL EAASYRI FnAR I A whiit i i, R
SE W9 A0 TR A JE TR A9 R 43 5914 0.59 F110.32, (H 36 31F 3 TR AR TR A R 0.72 i
0.40, BRI Rt opid .

(3) AR ST ()3 o M WA AR AR SCRE F BT T SR KK VD R O i R A TR AR TR
145 A FRE I B A BTk R . & BT OC i AR o R 5 M YR R0 A VR A S — AR AE R B
(1960-19704F, 1960-19684F) IR b FEHNZE . MiE KIEM e, 2 MLk
ACRVP AR, R K AR B A o] S I AT E TR v I AR A ) B R R

(4) AR SCHENT )3 I e WSS TR TR B AU B AR U, T RE AR TR Sk /K
AP RN = K s KA AR B A G, TR it — 2L S DA MBIk

5% 3L Hf (References)
[1] Schumm S A . The Fluvial System. New York: Wiley, 1977.
[2] Viles HA, Naylor L A, Carter N E, et al. Biogeomorphological disturbance regimes: Progress in linking ecological and



53] HESCAS 4 /NG TR AT R A i R AR 4 891

geomorphological systems. Earth Surface Processes and Landforms, 2008, 33(9): 1419-1435.

[3] Lane S N, Tayefi V, Reid S C, et al. Interactions between sediment delivery, channel change, climate change and flood
risk in a temperate upland environment. Earth Surface Processes and Landforms, 2007, 32(3): 429-446.

[4] Mackin J H. Concept of the graded river. Geological Society of America Bulletin, 1948, 59(5): 463-512.

[ 5] Qian Ning, Zhang Ren, Zhou Zhide. Fluvial Process. Beijing: Science Press, 1987. [T, 7K/, i il ] R AL 24
dbmt: Blgih it 1987.]

[6] Surian N, Rinaldi M. Morphological response to river engineering and management in alluvial channels in Italy.
Geomorphology, 2003, 50(4): 307-326.

[7] Wu B, Zheng S, Thorne C R. A general framework for using the rate law to simulate morphological response to
disturbance in the fluvial system. Progress in Physical Geography, 2012, 36(5): 575-597.

[ 8] Knighton D. Fluvial Forms and Processes: A New Perspective. New York: John Wiley & Sons, 1998.

[9] Owens P N, Petticrew E L, vander P M. Sediment response to catchment disturbances. Journal of Soils and Sediments,
2010, 10(4): 591-596.

[10] Schumm S A, Rea D K. Sediment yield from disturbed earth systems. Geology, 1995, 23(5): 391-394.

[11] Dang M H, Umeda S, Yuhi M. Long-term riverbed response of lower Tedori River, Japan, to sediment extraction and
dam construction. Environmental Earth Sciences, 2014, 72(8): 2971-2983.

[12] Graf W L. The rate law in fluvial geomorphology. American Journal of Science, 1977, 277(2): 178-191.

[13] Wang Zhaoyin, Li Changzhi, Wang Feixin. Effect of Tongguan's elevation on the fluvial process of the lower Weihe
River. Journal of Hydraulic Engineering, 2004(9): 1-8. [ TJKE, 2= B3, T 907, ¢ S Re X T alya) A A% A9 52 0 7K
F2:4, 2004(9): 1-8.]

[14] Wu Baosheng. Delayed response model for fluvial processes of alluvial rivers: I. Model development. Journal of
Sediment Research, 2008(6): 1-7. [S&PA=. BRI G ] PR THL Al JS e AR R 1 ARG Sy JEVPRITSE, 2008(6): 1-7.]

[15] Wu Baosheng. Delayed response model for fluvial processes of alluvial rivers: II. Model applications. Journal of
Sediment Research, 2008(6): 30-37. [ PftAz. AT L IRT ARV A2 (14 i J ) M ASE A6 T A58 07 . JE VDA 5T, 2008(6):
30-37.]

[16] Zheng Shan, Wu Baosheng. Simulation of sedimentation processes of the Xiaobeiganliu reach of the Yellow River and
the lower Wei River. Journal of Hydraulic Engineering, 2014, 45(2): 150-162. [#RH}, S8 E . B /N ANE W~
TIPS AL, JKH]2741t, 2014, 45(2): 150-162.]

[17] Ren Mei'e. Sediment dscharge of the Yellow River, China: Past, present and future: A synthesis. Advance in Earth
Science, 2006, 21(6): 551-563. [{L-3&45. BIMTAYHTD UE: i 25 BUAEFLREOR: BEA 15 JT4F IR A B IR v 3. 1
FRBIETEIRE, 2006, 21(6): 551-563.]

[18] Wang Junping. Formation and evolution of the middle reaches of the Yellow River since late Cenozoic [D]. Lanzhou:
Lanzhou University, 2006. [ £37°F. #ial i A= A HbAR Ak 5 500 & 7 [D]. 220: 22 MK, 2006.]

[19] Zhang Jinliang, Le Jingou, Wang Yujie. Knowledge and thinking on some problems in Sanmenxia Reservoir. Journal of
Sediment Research, 2001(2): 66-69. [3K4x K, Ak, A 8T = IWoK B T RUBHARS 2. I,
2001(2): 66-69.]

[20] Cheng Longyuan, Liu Xuanming, Xiao Junfa, et al. Hydrologic Sediment Test Research in Sanmenxia Reservoir.
Zhengzhou: Yellow River Water Conservancy Press, 1999. [#2 %I, XI5 I, 14 1k, &, =1 1k 8 [X /K SCUR VD 52 56 1
FE. M BRI AL, 1999.]

[21] Chen Liang. Improved adaptive differential evolution algorithm and its applications [D]. Shanghai: Donghua University,
2012 [Mrse. Btk F &IV 28 03 #EAL TR SO TIRIEFE D). i ARAER2, 2012,

[22] Deng Anjun, Guo Qingchao, Chen Jianguo. Study of evolution of erosion and deposition in Xiaobeiganliu reach of
Yellow River. Journal of Sediment Research, 2011(2): 27-32. [XS 2442, SRPCHA, WAL, FE ) /N 0 il 18w i e AR
FUAFZE. JeVPIFSY, 2011(2): 27-32.]

[23] Brunel C, Certain R, Sabatier F, et al. 20th century sediment budget trends on the Western Gulf of Lions shoreface
(France): An application of an integrated method for the study of sediment coastal reservoirs. Geomorphology, 2014,
204(1): 625-637.



892 i B 2E 734

Simulation of sedimentation processes in dry and wet seasons
in the Xiaobeiganliu reach of the Yellow River

SHAO Wenwei, WU Baosheng, WANG Yanjun, ZHANG Ruoyin
(State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Delayed response is one of important characteristics of self- adjustment in fluvial
processes. Based on the mechanism of delayed response in fluvial processes, a delayed
response model, considering the effects of water-sediment regime and the base level (Tongguan
elevation), was developed to simulate the sedimentation processes in wet and dry seasons. The
measured data in the period of 1960- 2001 was used to estimate the parameters, and the
measured data in the period of 2002-2015 was used to validate this model. Results showed that
the proposed model could reasonably simulate the sedimentation processes in wet and dry
seasons in the Xiaobeiganliu reach. This model performed better for cumulative sediment
storage than single sediment storage in wet and dry seasons. Besides, this model also
performed better for cumulative and single sediment storage in wet season than in dry season.
Since the closure of Sanmenxia Dam, the sedimentation processes in wet and dry seasons in the
Xiaobeiganliu has changed obviously in different periods during 1960-2015. Using this model,
the contributions of water- sediment regime and the Tongguan elevation on sedimentation in
different periods were analyzed. The sedimentation process was mainly affected by the
Tongguan elevation in the period of 1960- 1970(wet season) and 1960- 1968(dry season).
However, it was dominated by water- sediment regime after 1970(wet season) and 1968(dry
season).

Keywords: Xiaobeiganliu reach; silt and scour; Tongguan elevation; delayed response model;
wet and dry seasons



