FATE A Mok db W 5 ok R OB $ Vol.17  No. 4
2019 4£ 8 A South-to-North Water Transfers and Water Science &. Technology Aug. 2019

DOI:10.13476/j. cnki. nsbdgk. 2019.0101

LU B 22 R A ST AT W Lt K VAR A RO 35 LT . B kAL 5K R R, 2019, 17(4) :193-201. LUO H C.J1
H L.MOU X Y,et al. Water and sediment changes at the Shizuishan hydrologic station in the Yellow River[ J]. South-to-North
Water Transfers and Water Science & Technology,2019,17(4):193-201. (in Chinese)

=AML KD TN REE S

Foak! EBE FRA L REA

(L WS AR KA B AR TR BE . FERITS Ry 0100185 2. BEKFIZR B 25 B KA BL 22 EFE e - KB 450003)

ZE < AR WY A W 1Lk PR KR YD R S T P 1 /K R 1R K VD U BE S AR 1951—2016 AR f-9 /K V0 B dha - R IR
MG T IR 1 B AR L ) K YD PP S AR B R S . SRR AW L S KU AR A R O 3 2T 20
2D 60 AEARAEALRNZN ;66 a SRAFAR I 5 4 f Y0 18 52 B 5 PRk A B 3, HLRCA TE R ZeE SR E i [ 2 8 a,
10 a3 KD FFEI 5350 F 19861968 45 A 4 AR, FAL It A 55 ] e R K A2 F) s T U0 RO 5 i 3 bk LX) A2 K
IR XS ARSI 2 . R G A A W L R AR AL T2 000 mP /s PUR KB BCE T3 20 5 AN
ISR 2KV 6 AR TR VR R AR BSAN S35 5 A W LLnly 22 A 13 5 U S 2 AP B0 R O B R WK s T i W
FEARR (HAE e XU PR PR K i S AR AV

FRBEIR - A1 W 1Lk s ARAR IR B 5 ARR YD B KU A 5 i

HESES:TVIAT  XERESR:A  FERZE(FRRS)RIAG(0SID): Y

Water and sediment changes at the Shizuishan hydrologic station in the Yellow River
LUO Hongchun',JT Honglan! , MOU Xianyou' , ZHANG Baosen®
(1. College of Water Conservancy and Civil Engineering , Inner Mongolia Agricultural University , Hohhot 010018, China;
2. Yellow River Institute of Hydraulic Research ,Yellow River Conservancy Commission , Zhengzhou 450003 ,China)

Abstract: In order to explore the water and sediment processes at the Shizuishan hydrologic station in the Yellow River and to
provide information for the Haibowan reservoir management, nonlinear statistical techniques were used to investigate the water
and sediment changes from 1951 to 2016. The results showed that the temporal distributions of water and sediment at the Shi-
zuishan station was uneven,and the changes during the 1960s were larger. Both annual runoff and annual sediment discharges
showed statistically significant decreasing trends, which had a positive continuity and lasted for about 8 and 10 years. The step-
changes of streamflow and sediment discharge occurred in 1986 and 1968, respectively, and the main reason for these changes
was the coustruction of large reservoirs in the upper reaches of the Yellow River. Both reservoirs had significant impacts on
streamflow and sediment discharge, and the streamflow discharge was always below 2 000 m®/s after the operations of these
two reservoirs., The intraannual and interannual distributions of streamflow and sediment discharges were also tended to be
even. The relationship between water and sediment was re-adjusted in different periods,although its adjustment magnitude was
minor. The average annual sediment concentration and average incoming sediment coefficient were significantly lower after the
operation of Liujiaxia reservoir, but remained almost the same after the operations of Long and Liu reservoirs.
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Tab. 1 Characteristics of streamflow and

sediment at Shizuishan station
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Tab. 2 Characteristics of annual runoff and sediment at Shizuishan station

i AMH MAX I/ME MIN {H AVE WAEL K RFERRC,
R TR PREE D REREE SRR FRRE FRYE FREE Ul
1951—1959 389 3.743 212 1. 152 294 2.217 1.8 3.2 0.18 0.42
1960—1969 493 3.820 179 0. 247 329 0.719 2.7 15.5 0.28 1.31
1970—1979 399 1. 600 228 0. 600 289 0. 284 1.8 2.7 0.20 112
1980—1989 393 1. 561 190 0.336 301 0.312 2.1 4.6 0.23 1.17
1990—1999 278 1.318 163 0.521 222 0. 931 17 2.5 0.16 0.29
2000—2009 245 0. 897 173 0. 441 208 0. 617 1.4 2.0 0.13 0.21
2010—2016 354 0.713 181 0. 239 255 0. 434 2.0 3.0 0. 20 0.33
1951—2016 493 3.820 163 0.239 272 1.141 3.0 16.0 0.27 0.70
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Fig. 2 Time series of annual streamflow and sediment at Shizuishan station
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Fig. 3 R/S analysis of annual streamflow and sediment at Shizuishan station
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Fig. 4 Accumulative anomaly curves and M-K test of step—changes of annual streamflow and sediment at Shizuishan station
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Tab. 3 Results of step-changes for annual streamflow and

sediment at Shizuishan station
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Tab. 4 Characteristics of annual streamflow and sediment in different periods at Shizuishan station

BEa /e m? b/t WAL K Cy I ke / %

e ¥E BKE BME O BE O EBEKME BM O RRE fMVYE RRE WYPE ARE WE
FEEW](1951—1968 4E) 320 493 212 2,044  3.820 0.965 2.3 4.0 0.24  0.46  62.86  79.59
I T (1969—1986 4F) 295 400 179 0.969  1.598  0.247 2.2 6.5 0.22 0.36  53.77 71.54
WEZEI 1T (19872016 4F) 228 357 163 0.702  1.561  0.239 2.2 6.5 0.21 0.45  43.63  61.19
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Fig. 5 Days of streamflow in Shizuishan station

YR i i
= LAl L

TUHVD REAE AR rh o b [RS8 s i 35, 900 T
FEXT T HEAE 02 10. 1% B9800 1 ZEBF9E 0 1
FOSERE bR 14. 5%, B XK JZE BB A A B LA
e KA I TSR & 5O B AR — 2 T
IV B 2K ERE 0 T — 3843 B35 5 e
5T 50% . VP AT RE f Il TE A FT .
3.2.2 kP HEAERETM

(D 2846 GRID

I XK PEAS TR /L (=<1 000 m*/s) th
PRAT AR 7E U B 11 d, 24 3 YR Y 8. 8 %4
HR (1 000 ~2 000 m®/s) Fl K & (2 000 ~
3000 m®/s) (5 FEFRAy . 29 LRI 77. 5% #EK
Wit (=3000 m’/s) 76 Wt 5 — 52 L il 24
13. 7% RNGRUIK 2 UG » 2N i A 3 o 4
R i et R R I e A 38 R %) ) D DR 3 )
ik 53.7%0.42. 6%, B XA E HJE.2 000 m*/s
DA 300 1 R B LR K R B o5 R BRI 226
IR IK 2 CRRGI: T2 2k 7K 28D (14938 T » B R Ay 11 i
Tk ISR K AR LN R i o R TR R
JE(E 5.

(207K Rk

R T SR 43 I B %o 45 I K Vb s iR AT T S
THE 6) I TAI GRS BT (BR 5) 0 BEHE](1951—
1968) AEAR It it 5 A7 i V0 i s B 201 A DGR 22
KV K BRI 2 (P>>0. 05) 5 XU WK B d 5 » 4F

=8| o [953— i e
& QUL [ THIBS S
LI LT e 155 o

S JNF XS WM 05N =K &5 S

B 6 AMELIEEKDER
Fig. 6 Relationship between annual streamflow

and sediment at Shizuishan station
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Tab. 5 Parameters of linear relationship between streamflow and sediment in different periods at Shizuishan station

y=ax+b

i B R? P-value %
a b
1951—1968 4F 0. 006 3 0.038 2 0.254 9 0.479 o "
- .y SRR R D
1969—1986 4f 0.004 1 —0.245 2 0.605 8 0. 487 A ———
1987—2016 4F 0.002 6 0.113 4 0.143 1 0. 489 ab orul N & i
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Tab. 6 Average sediment concentration and incoming sediment coefficient in different periods at Shizuishan station

PR (g - m)

PRV FH g+ s - )

i B

T R A T e[k R
1951—1968 4F 7.97 2.58 4.38 0. 004 5 0. 004 5 0. 004 5
1969—1986 45 4.15 .71 2.52 0.003 1 0.002 6 0. 002 7
1987—2016 4F 4.41 1.90 2.74 0.005 1 0.003 2 0.002 8
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