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Fig. 2 The flow simulation effect of the model
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Tab. 2 Parameter values of Muskingum model
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Tab.3 Simulation accuracy of the Yongding River water flow
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Fig. 4 Flow process of different reservoir discharge modes
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Tab.4 Water supplement effect of different reservoir drainage methods

T R TT K S B ) /d R R R/ (ms ) WK EACm® BIAREALm’ BRI b /%

1 FreifasE it 25 15.15 0.90 143 0.61

2 Wehi 19 22.72 0.89 1.44 0.62

3 (g5 s Wi 34 30.34 0.99 1.35 0.58

4 XU Yol 24 30.34 0.95 1.38 0.59

5 A A 46 30.34 1.02 1.32 0.56

6 B A it o 16 30.34 0.88 1.45 0.62

7 P 16 30.34 0.89 1.44 0.62

8 XL B i 16 30.34 0.89 1.44 0.62
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Tab. 5 Water supplement effect of different water sources

T KK IR Ak e/ BRRERE/ (m’ s BkEAZM® Bk AZM® SKkE N %
1 BITKIE 25 5 0.90 1.43 0.61
2 BT KK+ R 7K 22 16.79 1.03 131 0.56

33 AAAMRKZRAETEE

A AR B bR RN K E b st BOC S
YA A K, PR R S, R
FRETHAR I N K A SIS, SC bR - T U RIE A
b mt @ T KGR ™ B R R R, KRR
A R EL S U S 2 3l A T AR K, SERR AT
FABAK K B IR TEM, B B AR MK Rk
2 DMEETR o SR BEA RS, W
T K 32 B 37 BRF R K S AT T A A K &
2020 AEREAK T WAL ZKAE, DL 2020 4F 3—5 HiH
JT/KPE T K 1.76 42 m® 15 R b7k R BR 5 #R3E (k
SEMZEAIR B B R MR T )™ By B4

ARET = GRS I F K i 2.60 12 m',

DA AE A inr 38 A A5 4K B AR, T R AR A A R
KRBT K SRR B K & R, AR
8 0 57 A Ly B I e v AR A A B b B
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ARMR IR . AEEK A R SR SR KA
B R U N 1 R = e ) TR 7 S S IR U R T B 1= I 31V 8
SR A, IR T KR T 0 A o
60.0 m’/s. MR 7 5 T ML A BERE, A W 4 38 5 3
REAACKIEWA REOHME A Z 2 Wi, &%
TE S HE W T I BE T 2 60.0 m'/s AT iR .

HR A ALK R AE AT KGO0, 72K K3 R 30 Y

A3 AT LA TE 4K T2 KRR 7K T 7 2 Yl ] 3
K BT MR ERAE KT R RE K AL R ok
T8 2 7K RE T (BT e 51 Kk TR A S, A4 T [ gk
SETANFEFLE K 0.75 42 m?, g 7K AG 3 2 K U5 % i
K AT ) f AR K BB J1 29 2 42 m

Wi T b 5 B Tl T AR K A 5, AR AT
AR 1Y 7K Sk Y IS I A0 K R B AR, DA SO T
IKIRSE 5 m o BT KRR K oy B E R
1.76 /¢ . 2.06 2. . 2.36 /¢, . 2.66 12 2.96 1, F13.26
{2 m’, 2 WEIE KPR | bR K [R]Aeh R EL ] 4 d 4
Sy fAT A 1 LIS Fi K T 2R K, K 4 R
HEITH . R FRERBA 238 m'/s FEA K5
6.34 m'/s FE/KFELL I AMK

IR E SR 25 R 6 ARl 5. edkimK
BHEIEIR 15 d A4, 458 R K S B i A K s )
12~14 do =805 . PV . 7 BRI R [ 22 DR 1 T g
FEAE I B K B 36.66 L 31.90 | 36.20 Al 33.02
m’/s, BANKIKE 224 {2~4.14 42 w’, K B AE
1.0542~2.22 42 m®, #12k K & 1.1942~1.93 /2 m*,,
Bl & #h KK S G R, 52 /K B TE B KK £ i
7 FLREAR, BN IR 2.24 42 m’ B Rk (0.53% ) .
ZMEAEE AR, 29 1.19 42 m® 7K [ kb R FnZE %
SANK R 4.14 42 m’ BB & R /N(0.47%)
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Tab. 6 Simulation results of water supplement scenario

T BITHKOKRACm BAKOKEACm® #K G A s AR (m®s ™) KGRIl 3K R ACm® B0k EAm’ Bk b /%

1 1.76 2.24 63 42.3-32.3-22.3 15 1.05 1.19 0.53
2 2.06 2.62 73 42.7-32.7-22.7 15 1.28 1.33 0.51
3 2.36 3.00 84 42.5-32.5-22.5 15 1.52 1.48 0.49
4 2.66 3.38 95 42.4-32.4-22.4 15 1.75 1.63 0.48
5 2.96 3.76 105 42.6-32.6-22.6 15 1.98 1.78 0.47
6 3.26 4.14 116 42.5-32.5-22.5 15 222 1.93 0.47
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Fig. 5 Longitudinal section of the Yongding River plain section and water loss of each section
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Ecological water replenishment and discharge mode
in Beijing section of the Yongding River

XU Jiaqil, WU Yue', QIU Wenshun®, LI Shu’, WANG Mengyaoz, SHI Yangl, WEI Jiahua'
( 1. State Key Laboratory of Hydroscience and Engineering, Key Laboratory of Hydrosphere Sciences of the Ministry of Water Resources, Tsinghua
University, Beijing 100084, China; 2. Beijing Water Resources Dispatching Management Center, Beijing Water Authority, Beijing 100089, China )

Abstract: Ecological water replenishment (EWR) is an important way for river and lake recovery, ecological
restoration, and river function maintenance. Attempts have been made to replenish ecological water, such as
transfering water from the Yellow River to the Yongding River (YDR) and transfering water from the Yangtze
River to the Hutuo River. However, in the arid area of northern China, the river has water only for a limited time.
The runoff characteristics in the process of EWR have great uncertainty. Therefore, it is important to study the EWR
law and water discharge mode under the limited ecological water supply.

A one-dimensional flow evolution model based on the Muskingum method and the Saint-Venant equation group
was established by taking Beijing section of the YDR as an example. The impact of complex terrain conditions
could be avoided in the modeling of the mountain gorge section, and the flow process changes caused by the river
channel characteristics in the plain section could be fully reflected. The measured EWR monitoring data were used
to calibrate and verify the model to accurately reflect the flow change and the water quantity balance.

The results show that: (1) Under the mode of continuous and stable flow replenishment, the water supply in
Gu'an (exit section) reaches a stable state in about 11 d, and may continue to maintain water for about 12-13 d after
the water discharge was stopped. (2) With the increase of the flow rate, the duration of the river with water and the
proportion of water loss decreased, and the rate of decrease gradually slow down. The optimal EWR flow was 30-35
m’/s. (3) The total amount of EWR was limited, and water release with a large flow first was more advantageous in
terms of the whole line water supply time and groundwater leakage effect. (4) Adding reclaimed water and water
from South-to-North Water Transfers Project (SNWTP) in the plain section may further shorten the water supply
time. (5) Assessing the ecological water supply capacity of the Guanting Reservoir, reclaimed water, and water from
SNWTP, the designed water supply is in the range of 2.24x10%-4.14x10° m’. The whole line of the Beijing section of
the YDR will be open to water for about 15 d, with an outflow of 1.05x10%2.22x10° m’, groundwater recharge, and
evaporation of 1.19x10*1.93x10° m’. The larger the amount of EWR water, the lower the proportion of infiltration
and evaporation water. The Lugougiao - Liuhuanlu section had the strongest infiltration capacity.

This study has practical significance for the determination of EWR quantity, discharge process, and water
discharge mode of Beijing section of the YDR. The E\g of simulated and measured data suggests that the model can
accurately reflect the flow change and the water quantity balance. It shows that with the increase of the flow, the
water supply time and the proportion of water loss decrease, and the optimal flow range of Guanting Reservoir is 30-
35 m’/s. The water supply mode of first discharging a large flow and then stabilizing to a small flow has the
advantages of fast water flow, large amount of groundwater recharge, and simple gate control, which is a suitable

discharge mode for the EWR in river courses.

Key words: Yongding River; ecological water replenishment; Muskingum; MIKE 11 HD; water balance
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