ERIE SRR ] Iz AL 5 T AR R A2 Vol.31,No.5
20234E 10 A JOURNAL OF BASIC SCIENCE AND ENGINEERING October 2023

& S5 £ 1005-0930(2023) 05-1110-015 TR SHS  TV147 SCRRFRIRTD : A
doi ; 10.16058/j.issn.1005-0930.2023.05.005

=2 NFE=ZEEESFMAIRERBINNER
B B IR B 1

wKEE S, KO8, #xX¥, £ B, ZEI’

QLA EDK AR B RABF B, KRB YRR AU WA iA BT A 9000 %8, LAt 100048 ;2. Al /K FIRL 2 BF 5
Bt , K BT T i 5 ) R PR RS 5 TR RN 450003 53314 K SOK BEIE 5K ) TR
FEESIE TS F A 210098)

WE A= T DRE EE AU O N EE T AEHGRKEHEE
ALV EATHREADABEET BFWRL LFK R ARD K EIIREN
THZEEERBTENTHLERE, ERT BB AEIR FELARITRE
MHESRGEZ2ATHRZEREFTRTENETREDAER LR HA K
ARBIMERLFR, BRT ZEHERETENTEL TR, 247 T %
B T AR 5 o AR LR AE. B B, ARAE T R AT By B B
BEGADARZ B LR, TETAARESRFETH TSRS
R R, W R A, K 7 K Ao Bl i i A RO R m =z e T
BOHLH EE, THRERESETANMER R EEAKY RE MEET
KEFMBNER G5 TR AAKENE K, T TR KETRER R,
FRM AT HENED.

KRR WL A IR ; i 1 T B RIS R B

BT I =B e 22 5 T B T A e 11 28 Syl el B J T M g v He B
S AE B 11K Sk 245 50km , T e 7K SCk 247 40km. 122300 BTl IR S v, SR AR S Wt
Sy I SRR AT 5 AT A5 WA IS T 3R s v L PO , B A Rk SR B Y 2 42T 1988 4R YA
PRLOK , =5 Ji 355 W B — PR T PR T A B T S RN B O HL S RLRA 4
AR R ZE B Z —.2012 4E LT, JLER . =B b R S 5 TR S R AN
U T AREIIINA TR TLT-AH R, - HLIRHE I AOR Wi & J2.2013 ~ 2017 47, JULER L =B i
P 5 TORRAE TR B O A5 B A R TR R R T (AR = B R S TR A AR AR R
AIEARYF , AR =B T4 T T REHT I B S 18 B W a1V | Bt s 7E BB 8 S TRE A T

s B A . 2022-08-24 ; 1&1T H #5:2023-01-05

BEETH KFEBIR I RF2E 5 007 TG B 8 0 5256 2 P 400 H (IWHR-SEDI-2022-07) ; # R} be & B 4L 40 H
(HRK-202006) ;T4 THAERIE I 430 H (212300410201 ) ;T R 45 T 1 2% 5450 H (212300410373) ;
WA KR AT B A 3 4 10 B (U2243220) ; [H 5 H S8R5 455 H (52009047)

TEHEB N KHFE(1989—) A 1+, %?ﬁT}%Ufﬁ.E—mail;zhangchunjintyut@ 163.com

BEMESE K 8(1979—) , %, it IE S TR E-mail ; zmiii@ 163.com



No.5 SRR A BT U e 2 S T B U A2 S ML S AR S BIL 1111

T HEA T 2018 4ELAS , B8] T Ui 20 R i B, G HUE: 2020 AEJE/K I VDRI 4E
PR SR 3 1996 4 LK B K B HE I & 5 520m’° /s, REIR KK V0 S - 80l 5 i i
TRRRERA BRI ) R AR AE T M 2 TR T B A T At R R R (HR A
HEIA LR 0 B 7 104 73]

AR B =1 T /NIRIES RV B ] DR A5 KRR BB G iz T, AU
BT i A T O I e R I D, 3 %o = e A M T B ) SRy AT A AR R A T AR R
M. 201 1 AFVRGET, =B i 3 TR B 0, (A R IR AE B o 5 TR L & B YHS
AR TR O BTV | 6 S 20 VS A T 2 AR o B B 2018 4, W] R AH 4B A B A
A () B, S DR S AR A R R A B R T TR T AR A S Rk
TSNS o | JES M IPE R | 0 o Ml N XN B B A i I 7 22 42,2018 ~ 2020 AFHFSE K
KRS = i 2 5 IR BB A Y A A A e T T T R U R A T B
WA I Ak 518 T ST B T SR A A M L.

20 TH4g 90 ARARLISK , BT T U A K VD 25 1R AR B R A0S | e v M T 1) TR i Tl
T VA 7 N 121K i o i 2 T S N Sl o L LU= S 0 = 2 s s W o )
Bl 1 TR SR T AR A SRR ORI, L G A AL W T A G
IR T KA AT FE . T 5 9T 1 BT YR o T B Y A A e s o T A
T AR e BT R T BT i I M A A Y S K VD A 1 B a0 6 B 5K
BB FE X T FEAR PR IR T i o P T T R T A AR A A B T R U K R R PR 2R
AR ki B AV RIFSE T /MRS K JZE T KT T B BE BT U A AR AR | R
il ZR A T RAE S AL T R R T/ INIR K S TR S 27 Ui 0 o) 33 AR R AL R
PRA S S ST T K P 5 3 TRE X 1 A 2 1 AN 0035 e T ] A A L T S
DTGB wh ] R T 25 S i) #4585 Oy T ) T IR TE 25 5 K Vb o B8 1% B A L. A 1 22
A ONERGE T KRR KR VDX B A YT A A AR R . kSO RN T AR AR SR ] A
SR 806} Bt VAT SR N AE B T B D A T TR A R W
T AR R A A R AR T AR iR T A R AR LR | S A
P R A HE T i P T A TR A IR B SEAR SR 3 T TR S A e
TP AR P 5 ) S AR R B R AR T B s i SR E. T DA
SO IRGY T /INIR S K PEE VD32 FH I S0V BT 908 0% 3 P T T A e AR A A )
TIE T ARFEIR YD i RE B ML b 25 1F R AT A AR RR AR SR MR S B TR L AR
1 BE KK UD 2 PR AR B 1 T IR Il S By X 3. e S U G 1A TR TR
T TR KA XoF T A Bl B (5. 25 55 A5 AT Tk A v R T YT B T B
S A At 2 PR AR G R VTR AR AR O I T AL YR T B AT ATV T S S L X
A LT R A6 B TR T 10 SR A0 AT T BT I T 1T S S RO A
i — = 2 R T U P T T R SRR BRI TR R T S M 1 G AR B
14512 F F Mann-Kendall #3488 345, 4898 17 1960 ~ 2015 4F 8] F 7 i 3% PR )8 0%
AT RS ER Bl R R A ST AR I Ay 1 T 9t SHL 5 s B0 i o e T T G T AR R R A B
HEE KU R 22 [ 4 ] 1y 2 2R AR SC A AT AR 38 1o A AT 7K VD AE AR AR AE B /INIR JISK 32
FHRITJG =B o 25 55 W IAT Byl A AR 4 o5, WA 1 A1 2 70CHR AR 389 55 U0 4 A5 K b PR 38 % ¥l



1112 N IHEAl S TRERL 22 40 Vol.31

3 LA AT BB | 45 A R A S 0, T T 22T B T A 2 4
1 ARXIEER

1.1 AERER
BT T U =B e 2 S T B T A T 112 Sl AT YA B, e R 9 A X AR Y A YT B
Z— B 7 R & R B A A R R AR L SR EESERE A 5 ~ 15km, T E N L RE
0.0203% , Ji S 1 g iy M e 22T BEIT A I A5 HAT AR R A5 (1) TR YR R ™ R
A, S R 2 A BB I T R 22 24 Sm; (2) TN PR B 1, K R HIHL , WA IR o) #4450
K, BRI (3) PRI, 28 Ktk (4) B T B, 2 i 38 B K B2 1)
70% , 38 KUK Lz 5 PP 55 R E.
BT = I A W B T RE P L ER , MBS B R, JE T i U SR b
T DXl | v T T N e R T T S I MY AR S ] T U GE I
BT B 2 — A BEAE R AR 14.5°C AR 4R K 627mm, AR JERE I 221d , BEK F2 2
ETE 7~8 L EBEMEER, IR, &2 R K, J8% T & Tl = XA B
Tz Bt = 22 /0, i AP35l A B /N 5 EOR Y. 2 A v E R S U R 4
e Rl Y P =X A DIN, i e s B e why = SO N 1 7 4 At S SR TS RULE Y P~ =R A DN i D
+ 5400 3.
1.2 TI#E#xR
BT T Ui = M 2 5 AT BT T AR AN 1 s,
TR 121 BBIR W TR EEE
3 ~ A T B B b o e AE T 1 5 5
== 22 000m’/s PEABRHEBC BT, PG5 BRI
T0 e A6 A2 2000 A1 By bR, B T 5 3
9 12m, I AN 113,
1.2.2 FEBIE WO R = E
AWM BRIE TR S T B T %
PP A LS B T ORIKE
MR T | A R B B TR S TR AP
FAE VT & BA AR AR & =
B TR TALFE LR I B 156
TR RN FHE = S 5 TR SR T 1995 4 1999 4F 1 2000 4, HoAx
TREERET 20 42 60 4540, = HIEE S TRA T A 5, KIS 1354000~ 139+
700. 75 ¥ede T TR T8 A4 7, RIEMES: 55+050~56+550"".
1.2.3 ®EIRE  E R B R 2SN B FEAA TN SRR A IR TR R
FEARS F )5 PR 7 TR ZE 17, BT 0 501 30m’ /s A1 10m’ /s, & i 13 ) 3, F
KRR BTN S0m/s.
1.2.4 HRIE  FBMEE RN T E N =5 )i 2 35 M B LE 13.5km, BF
K 7.4km, 2019 4F3% T3 Z5. CH E A E 0 G230 HF 2 JF £ 50 KM 7 T30 Bt T 3%

P =B 2 T B O T AR

Fig.1  Sanguanmiao-Weitan reach river project



No.5 SRR A BT U e 2 S T B U A2 S ML S AR S BIL 1113

8km, HF K 14.7km.
2 EAREAK D KRR R AE
2.1 K TALGFAE

HRAE 1950 ~2020 52KV GERE, FEIT N UFI AR 1 | AT SC LR R 5 K S
ARSI K i SR T AR AL AR [ 20 O H AR (b b B 430 ] R AR K Vb i S 3
WS - ELAEPRAS AR BE A, DL 2 51 3. /MR /K 32 AT, A6 B 1 35 4F
K ARV BN AR TR B O ELAR PR 3 B 1986 ~ 1999 4, A6 111 7Kk S
HYAE K AR VbR R AR S Vb0 R 276.33%10%m’ 6.84x10%t & 24.75kg/m’ | FH#K
T 1950~ 1985 4L B L K SCa ARk B 457.50x10° m® ARV & 12.11x10% M AEH &1
i 26.47kg/m® , ZFH IR T 39.60% (43.52% % 6.50%. /MRS /K 32 FI LR , 7 2000
~2020 4, E [ AR K AR T AR S U a0 R 278.06%10%m? [ 1.10x10% K&
3.96kg/m’ , H4E T 1986 ~ 1999 AFEAEFEl [T /K SCul AR K K T 0.63% , Mi4E 47
SEXIE VP REEI I T 83.92% K 84.0%./NR KK I 12 FHRT)E , A5 34 /K B AG 58 A, i
ARV S H KRR 1950 ~ 1985 4F, Al H s F B K & AR LR &b 5 248
YA 23 59155 24.08% (55.06% K 24.98%.1986 ~ 1999 4F | AL b I w4 /K & AR Vb=
5 A ER 43 K 25.05% 1 12.42% |, AR & vb e 5 2R 5 (E A L 5 16.86%.2000
~2020 4 AL FE F S AR K AR U AR S v i S 2 AR S E AR LA IR 24.58% |
85.92% I 81.30% , i 1 iR,

10001 301

e B . e BT
800 ——— E{*Wkilfxli I R K S
] SRS 24 1 —— Sk
“g —o— R S = ‘ —— FiHK S
g 600 1 S 18 | J
g I |
< i ﬁ R0 \
i 400 & 12 \ \ 8
200+ 6
0 T T ; r ) 0 : . . —
1950 1965 1980 1995 2010 2025 1950 1965 1980 1995 2010 2025
oy oy
&2 BT AR K AR AL &3 s T AR AR AL
Fig.2 Variation of annual water volume Fig.3  Variation of annual sediment volume
in the lower Yellow River in the lower Yellow River
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Table 1  Annual average water and sediment volume at Huayuankou station

Ay K E/108m® /108 IR/ (kg/m?)
1950 ~ 1985 457.50 12.11 26.47
1986~ 1999 276.33 6.84 24.75
2000 ~2020 278.06 1.10 3.96

1950~2020 368.70 7.81 21.18
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Table 2 Scouring and siltation volumes of different reaches of

the lower Yellow River (unit;100 million m®)

A0y g (R L) P (A3 kLT &t
1952~ 1964 +0.595 +3.888 -3.476 +1.007
1965~ 1973 +18.876 +4.734 +5.264 +28.874
1974~ 1985 -2.151 +4.062 +0.835 +2.746
1986~1999 +15.248 +3.665 +4.097 +23.010
2000~ 2021 -15.158 -3.303 -4.262 -22.723
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Table 3  Average annual scouring and siltation volumes and erosion efficiency in the lower Yellow River

ARy Kok iE/108 m? i/ 108 e
1956 ~ 1960 443.417 4.577 10.664
1961~ 1964 608.413 -8.611 -14.348
1965~ 1973 417.702 5.133 14.537
1974~ 1985 430.569 0.366 1.565
1986~ 1999 274.224 2.630 9.982
2000 ~2001 167.615 -1.268 -7.563
2002 ~2007 250.811 -2.613 -10.302
2008 ~2019 300.721 -1.221 -4.526
2020~2021 500.167 -1.743 -3.444
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Table 4 Mainstream features of Sanguanmiao to Weitan

A EAlES ZIEE/m e E e
1960~ 1973 1.21 2597 1.96
1974~1999 1.28 2280 1.75
2000~ 2020 1.37 1392 0.82

1960 ~ 1973 4F ERAE S 25 it ZE0CH 1.21, 1973 ~ 1999 4F i 4F 2445 il 2R 4004 Kok
1.28,2000 4 J5 £ JAFE A5 i R EURF LI K 5 1.37, 1T BOnT 18 25 i R B 0 AF 18 K.
P8 T R WA AR A F2 AR Bl I B R AR AR S —AF R S KW I AE A [ R
B5.1960~ 1973 4F | = [ 1K FEiz R, =B i 2 75 MET B 0 3 i 428 20 i B S5 48 3l v B
3R 2 597m 5 1.96. 1974~ 1999 4373 4 36 TR il 48 gt i i 1 — B i 22 =5 W) Bt
T AR SR B SR SR E A 0 R 2 280m 5 1.75. 2000 ~2020 4, =B & T M B
F RSN E B SRS EE A B0 K 1 392m 5 0.82. 3% I I i KL A TR SE ] LR b
T, AT 6 R AR SR 7 TR AR R A 2020 4F ) BEIAT R i i MR T E G TR Z A
110 A4, TAEKE R 305km , X 86836 T R % T4 20 £ 318 3h AR #uis i B 2oa
FEMZ B9FE .

4 =—EHEEFHEARTEEZTHN

4.1 KPEFREABELTXR

AKUD I RN S R A A S R DA AR S SRS S RO R, L3 5 ARy
TR, =R BB 3 i RGN 1965 ~ 1973 A AR E TR, i
B R ECK 1.2. 2000 ~2010 4 AEE SRS, RS HNRECH 1.34 ¥ bR,
=B R T BE A A B R R R 1965 ~ 1973 4F AR ST EHROK, AR SR K
2 627m. 2000~2010 4F AR E VDR B/, ETAE SN IR R 1 84 1m AFEH) & Vb amdk ok, ) =
B 2 5 M R R 5 A K. 1965 ~ 1973 4F  AE S YRR, BT EE SRR O 2.22.
2000~2010 4F AEX SRR/, ERAEDRE N 0.83.

1949 ~ 1960 4 1965 ~ 1973 4£ 1974~ 1980 4F 1994 ~ 1999 4EZ: M | 4F 44 & Vb HL A
— B, AR K R AR AR R 22 500 o b, B A X /K A B8 0, =B Jrks 25 785 YT B 1) 25 iy
FEEIN , T B0 1 B RN 422 Bl B 35 14K

FERWEAE T, FAERITE, MR , 5813 BOGL AR R BB — ) 78 BRI A G s
TR TE 3 30 L PR R B 8 . P v R RKOAS HERE DU AL 38 D 9 2 | YA i
RN, T8 i) S v 7 1 & 7 K A /N K T (T S TRV Ok ) B, R &
JER A Q7 RIS« S” R AR RHE I A, S8R i R BUR BE R, H B R e pt
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T B R 5 R AL

S5 RRpKE AR ERE LSS
Table 5 Average annual water volumes, average annual sediment volumes and

mainstream morphological parameters

Ay AERKE/108m® ARV /105 AEX SR/ (kg/m? ) BMRE BERE/m BRI

1949 ~ 1960 471.33 14.25 30.2 1.20 3 469 2.55
1961 ~ 1964 606.73 8.41 13.9 1.21 2 531 1.72
1965~ 1973 423.06 13.82 32.7 1.20 2 627 2.22
1974~ 1980 388.61 10.88 28.0 1.27 2 685 2.06
1981~ 1985 507.17 8.99 17.7 1.21 2249 1.36
1986 ~ 1993 309.81 6.76 21.8 1.30 2 590 1.91
1994 ~ 1999 231.69 6.93 29.9 1.34 1422 1.59
2000~2010 235.61 0.59 2.5 1.34 1841 0.83
2011~2020 324.76 1.29 4.0 1.40 898 0.71
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Mainstream Swing Rule and Its Driving Mechanism in the
Sanguanmiao to Weitan Reach of the Lower Yellow River

ZHANG Chunjin"*?*,  ZHANG Min®, YAO Wenyi’, LI Yong®, MA Dongfang’

(1.Key Laboratory for Sedimentation Science and Northern Rivers Training, the Ministry of Water Resources, China
Institute of Water Resources and Hydropower Research, Beijing 100048, China;2.Key Laboratory of Lower Yellow River
Channel and Estuary Regulation Sediment, MWR, Yellow River Institute of Hydraulic Research, Zhengzhou 450003,
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Abstract

With the joint operation of Sanmenxia, Xiaolangdi, Luhun, Guxian and Hekoucun
reservoirs , the water-sediment process in the lower Yellow River has changed significantly. In
recent years,the special water and sediment conditions have caused changes of the river regime
from Sanguanmiao to Weitan in the lower Yellow River, resulting in a large number of beach
collapse and endangering the safety of villages and embankments on both sides.In order to
clarify the mainstream swing rule and its driving mechanism in the Sanguanmiao to Weitan
reach, this paper adopted data analysis and theoretical research to describe the channel and
engineering situation of the Sanguanmiao to Weitan reach, and analyzed the water-sediment
process and the characteristics of the channel scouring and siltation. At the same time ,according
to the adjustment characteristics of the river regime in different periods and its response to the
water-sediment process, the evolution trend of the river regime under different discharge
processes was estimated.Studies have shown that,in the short term,the river channel formed by
the long-term flood erosion was relatively stable , coupled with the the continuous improvement of
the river regulation project,the probability of the river regime moving along the governing line
increased.However,in the long run,with the use of the backbone reservoirs and the increase of
industrial and agricultural water consumption, the possibility of continuous small flow in the
lower Yellow River was high,and the mainstream swung in the channel.

Keywords; abnormal river regime; change of water and sediment; scouring and siltation

characteristic ;river regime adjustment ; mainstream swing; governing line



