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Numerical Simulation of Water Renewal Time of Wide shallow Reservoir
ZHANG Shao xiong', L1 H ao?
(1. School of Civil Engineering, Shijiazhuang T ied ao University, Shijiazhuang 050043, China;

2. The Third Survey and Design Institute Group Corp oration, Tianjin 300142, China)

Abstract: The transportation and diffusion of pollutants in water body are closely related to the water renewal time, so knowk

edge of the water renew al time of reservoir is useful for understanding the temporal and spatial distribution of pollutants. In this

paper, a three dimensional numerical model of hydrodynamics in the wide shallow reservoir was developed based on EFDC, and

then the model was validated using the field data. First, t he validated model was used to simulate the flow velocity field at 365

days and water renew al time of wide shallow reservoir in order to obtain the hydrodynamics characteristics. Then, the water re

newal time of reservoir was simulated under the conditions of no wind in order to obtain the impacts of wind on the water re

newal time of wide shallow reservoir. The results can provide theoretical reference for the eclogical regulation of wide shallow

reservoir.
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Fig. 1 Geographic location of the reservoir
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Fig.2 Mesh grid of the model
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Fig.3 Comparison of simulated and measured data

4

Fig.4 Wind speed data for simulation
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Fig. 5 Flow velocity field in summer (64 d)

3.2 FKAK FAT A

FERTUR I 220 8 S8 A P A ) SR ISE DAy FAE 1, AN 25 R e A B
e R 2R, U B U LY i AR AN TRAL S E N LK E
N0, 7K TR ST A S Ok /1N 1) 0. 37 (9 I 1) B Ay 2% R K AR
SOBTIN ) o 117 DAy 2K P (R KR ST I ) 20 A e el K L
B2 K PEAL M [ R 80, T A0 A0t 1 e /2, AT K
JEEAE - B 70 K AR B, B~ 38 23 P AL/, K2 T A
IKR I AZ 0 BE T3 58 o oh B AT R0, R 7K RN 1 b 7K B S Ik
RV /IS, 5 7K 5 B~ 20 7K SE B T 5K, de K AEL A 203 d o

c 80 XET5RE

6 ( 220 4d)
Fig.6 Flow velocity field in winter (220 d)
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Fig. 7 Distribution of water renewal time
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Fig. 8 Distribution of water renewal time (no wind)

AT S5 B ARK PR AK ) IR PRI K AR A BE T3, AR ST
FUT R SE IR IR R A S B I ], 245 h o

(1) HET EFDC 571 9535 R K% =4k K 8l 7 Z e
T, R UL, AKPE R AL AR AN S W) & RAF, R W] T 8l



KD T o 5k R AR AR BT B R S A B

RREIY [ S PEANAT 2 HE
(2) A7 T BT, 98 B UK K AR fe K BB I 1) 2 203 d
FEU TR IR DX, KA ST I TP ez 7K 1A B I ) 4
(3) TEAT DL R, 56 R AR KA 5 K ST I [ 358
do JERCTHL T K A4 BT I TR WY 2 A T R 6, 26 WY KU
g K PR 7 AR SEHI I T 3 52 AR, AT B T (e 2 7K A 5
WY

(References) :

[1]  Zimmerman J T F. Mixing and Flushing of Tidal Embaym ents
in the Western Dutch Wadden Sea: Part 1. Distribution of Salir
ity and Calculation of Mixing Time Scales[ J]. Netherlands
Journal of Sea Research, 1976, 10(2): 149-191.

[2] Boln B, Rodhe H. A Note on the Concepts of Age Distribution and
Transit Time in Natural Reservoirs[ J]. Tellus, 1973, 25: 58 62.

[ 3] Ranasinghe R, C Ppttiarathci. Flushing Characteristics of a Sea
sonally open Tidal Inlet: A Numerical Study [ J]. Journal of
Coastal Research, 1998, 14: 1405 1421.

[ 4]  Arneborg L.Tumover Times for the Water above Sill Level in
Gullmar Fjord J]. Continental Shelf Research, 2004, 24: 443 460.

[5] Tartinville B, Deleersnijder E, Rancher J. T he Water Residence
Time in the M ururoa Atoll Lagoon: Sensitivity Analysis of a
T hree dimensional Model[ J]. Coral Reefs, 1997, 17: 193 203.

[6]

(7

[8]

[10]

[11]

[12]

[13]

Eric D, Jean M C, Eric ] M D. The Concept of Age in Marine
M odelling I. T heory and Prelim inary Model Results[J]. Journal
of M arine Systems, 2001, 28, 229 267.
Guyondet T, Koutitonsky V G, Roy S. Effects of Water Renew-
al Estimates on the Oy ster Aquaculture Potential of an Inshore
ared] J]. Journal of Marine Systems, 2005, 58: 35 51.
Jin K R, Ji Z G, James R T.Three dimensional Water Quality
and SAV Modeling of a Large Shallow Lake[ J]. Journal of
Great Lakes Research, 2007, 33(1):2845.
Dias ] M, Sousa M C, Bertin X, et al. Numerical Modeling of the
Impact of the Ancao Inlet Relocation ( Ria Form osa, Portugal)
[J]. Environmental Modeling & Software, 2009, 24: 71F 725.
Liu Z, Wei H, Liu G, et al. Simulation of Water Exchange in
Jiaozhou Bay by Average Residence Time Approach|[]J]. Estu
arine, Coastal and Shelf Science, 2004, 61: 25 35.
Shen Y M, Wang J H, Zheng B H, et al. Modeling Study of
Residence Time and Water Age in Dahuofang Reservoir in
China[ J]. Science China, 2011, 54( 1) : 127- 142.
Zhang S X, Gao X P. Effects of Selective Withdrawal on T enr
perature of Water Released of Glen Canyon Dam[ A]. T he Iir
ternational Conference on Environmental Pollution and Public
H ealth[ C]. Chengdu, C hina, 2010, 1-4.
Zhang B, Lv J, Huo P, et al. Application of EFDC to Density
Stratified Flow [ J]. Applied M ech anics and Materials, 2012,
256: 2486 2489.

(L#EF 497W)

O, BT o AL, RSRVT IR A8 AR B A REW AL
A ) [ [RS8 5% R REANAL 22 5K

1T AR S KA I S A B BUK BRI RR 28,
S S DX ISR 7K YT A, YA A e I AR A A A T R
KT AR o F57K ARSI 5 TH I N T, 38550 A ATTERI /K B
YRR e K SEBL DK B 1) — 2% 2
1o, AR M — iR A% o Eltn, 3 W R RT3 K 38 1
BB, FC A 51K AR, DA K AR 42 2 VTV A R A2 3L R A
Tl FR L ks B AT Ml 5 ) U 0 AR b Al AL 5 g T A I
WRE o 340, AR K AR A 2 SE B SAC 14 10 3 20 4

(References) :

(1] xS A gl ep B R B0 T B &[] ACRIK
AR, 2002, 33(1): 15 19. (LIU Chang ming Discussion on
Some Water Resources Problems in China in Twenty first Cerr
tury[J]. Water Resources and Hydropow er E ngineering, 2002,
33(1): 15 19.(in Chinese))

[2] JA#, PR AFIRIEOK SR AT S AT (0], K RIS
K THRE2EHL, 2008, 19(6): 86 89.( ZHOU Yi, LI Yuar nong.
Water Resources Supply and Demand Analysis in Shiyang River
Basin[ J]. Journal of Water Resources and Water Engineering,
2008, 19(6) : 86 89. (in Chinese))

(3] BHERE, =400, . 2 M A K SR A AT 0] KRR
R AR, 2007, 38( 12): 5458. (GU Shixiang, LI Jurm de, Xie
Bo. Study on Reasonable Allocation of Water Resources in
Yunnan Province[ J]. Water Resources and Hydropower Engr
neering, 2007, 38( 12) : 54-58. (in Chinese))

[4] ZFEL. BT BCFF 6700 5 7007 K BRI Ot LG B 9T [ R .

[5]

[6]

[8]

[10]

2011. (LI Yar hong. T he Optimal Allocation Research of Wa
ter Resources Based on Supply and Demand Balance in Jining
City[ R].2011 (in Chinese))
TARIT. REF N F00RIM ). L 1R 28 RSOk H R
#t, 1988. ( WANG Zher jiang. Introduction to System Dynanr
ics[ M ]. Shanghai: Shanghai Science and Technology Press,
1988. (in Chinese) )
TLI5 A N BUR A0 AT 1L 9548 K SRS -+ = 1 4545 X
[R].2007.( The General Office of the Peoplé s Government of
Jiangsu Province. The Water Resources “twelve fifth” Planning
in Jiangsu Province[ R].2007. (in Chinese))
VLA KR T VL4 7K B AR 2] . 2005 2010. (Water Re
sources Department of Jiangsu Province. Water Resources Bult
letin of Jiangsu Province] Z]. 2005 2010. (in Chinese))
TLIRE GETH R 2010 SFETL IR A GEvH AR5 M. VL 5: VL Rge vt i
Jif#t, 2010. (Statistics Bureau of Jiangsu Province. Statistical
yearbook of Jiangsu Province[ M ]. Jiangsu: Jiangsu Statistical
Press, 2010. (in Chinese))
KA KA 7K E Rl B v S . 4 TR 7 W Ut 4 RIS AR 20
[ R]. 2002: 35 36. (Water Conservancy and Hydmpow er Planning
and Design Institute of Minitry[R]. T he National Integrated Water
Resources Planning Technology. 2002: 35 36. (in Chinese))
TRELIH. LT = P4 it B 2K B RO 5~ A 20 M 1. T R K
I 5 #57KAE T, 2008, (1): 19-20. (ZHANG Lt yuan. Water Supr
ply and Demand Balance Analysis Based on the “ three time” Bat
ance Principle[ J]. Henan Water Conservancy and the Soutlr to

North Water Diversion Project, 2008, (1) : 19-20. (in Chinese) )

£ 5FE - 81 ¢



