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Simulation of eutrophication in Shenzhen Reservoir based on EFDC model
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Abstract: The three-dimensional hydrodynamic and eutrophication model of Shenzhen Reservoir was developed based on EFDC
framework. Model calibration and validation were conducted with two sets of independent observed data of water flows, water lev-
els, and water quality in 2009 and 2010—2011. The model represented the hydrodynamic processes and the spatial and temporal
distributions of water quality satisfactory. Subsequently, three scenarios were configured to provide decision makings for eutrophica-
tion control, included removing 100% nutrients from all tributaries, increasing by 50% of water flows, and removing 50% nutri-
ents from Dongjiang. As shown by the modeling results, the maximum chlorophyll-a concentrations were decreased by 1. 0% ,
16.4% and 46.3% , respectively, the average chlorophyll-a concentrations were decreased by 1.3% , 29.8% and 29.9% , re-
spectively. Therefore, there is no water bloom in Shenzhen Reservoir so far because water has been exchanged quickly, although
there has been eutrophication threats because of the large numbers of nutrients entering into the reservoir from Dongjiang. Increas-
ing water flows and removing nutrients from Dongjiang can significantly improve water quality and effectively reduce the risk of wa-
ter bloom in the reservoir.
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Fig. 1 Framework of EFDC model
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Fig. 2 Schematic diagram(a) and grids sketch(b) of Shenzhen Reservoir
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Fig. 4 Model calibration; simulated water quality indicators versus observed value at 4" station in 2009
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Tab. 1 Calibrated values for the key water quality parameters
E2 ik B Z
PM, R A KR/ d ! 2.5 0.2~9.0
PM, FEMER AR KR /d ! 2.2 0.2~9.0
BMR, WL R R I R/ 0.12 0.01 ~0.92
BMR, T S R0 o %/ d ! 0.04 0.01 ~0.92
PRR, WA R/ d ! 0.01 0.03~0.3
PRR, R R/ d ! 0.02 0.03 ~0.3
WS, W EEDTREHR/ (m/d) 0.2 0.001 ~13.2
WS, REBEUTRE R/ (m/d) 0.2 0.001 ~13.2
TMR, i 2 K I3 IR S L/ °C 24 ~30 N/A
T™MR, Tk A R B3 I B S R/ C 15 ~21 N/A
KHN, PSR 1 AN H B0 (mg/L) 0.012 0.006 ~4.32
KHP, PEAHER A AL (me/L) 0.001 0.001 ~1.52
KE, HRIHERS/ m ™! 0.3 0.25 ~0.45
Kegy, BRI R/ (1/m per pe/L) 0.017 0.002 ~0.02
Kge eV A LR VA R R/ d ! 0.001 0.001
Kie S R R HURR A % /d ! 0.04 0.01 ~0.63
Kpe VAT DL e e i 8/ d ! 0.04 0.01 ~0.63
Kgp eV R A LB K R R d ! 0.001 0.001
Kip 5 s Ok WU K A% /d ! 0.04 0.01 ~0.63
Kpp TIRA LB (kg R/ d ! 0.04 0.01 ~0.63
Kpn R AT LUK it R /d 0.001 0.001
Kix Gy v Ok HLEUK s 2 /d ! 0.03 0.01 ~0.63
Kpy R PLA R/ d ! 0.03 0.01 ~0.63
NitM AR/ (mg N/(L - d)) 0.06 0.001 ~1.3
ws,, eV R A LR VT3 %/ (m/d) 0.8 0.02~9.0
WS, SRR HLR TR/ (m/d) 0.8 0.02~9.0
Bl 6 g 2 vt TRRE T
2 RIF &5 Chl. a W EBIEE AN L TN K2 P v 47 Wil 5 36 2 Chl. a #e )%
Tab. 2 Comparing of simulated chlorophyll-a concentration SIURAEE BT . Horh i R
between baseline and different scenarios Chl. a SE-Hvk BE I (5 2 5 900 R 80 48 A
ey Chl-a PEIIE, o L Chloa WA ViR 1/ Sy W, UL %ﬁﬁ?’)‘?%?i%é?ﬁﬂ(ﬁﬂt
(he/l) (he/L) FRHET -, BI4 PB5 B 3 0 4 , 4 0
Sof FE R A1) 22.23 - 80.39 _ IR AT A S 04T 78 28 HE
15— 21.94 -1.3% 79.59 —1.0% WS BHE SRR OA B B s W
g 17.12 ~29.8% 69.05 ~16.4% TR Chl a Vi B 5 BB BLE F
= 17.11 -29.9% 54.95 —46.3% [ SEHYUEE T [ 29. 8% , {UA R4 I B

WAL FEAT JIT S I, TR N R TS 1ROk

BARAT W R BGEAYEO0 T, T RIBOK A3 BE #7522, R K A S84, BE A AT 2035 R IIDK I8 8 78 FR AR
DU A RN Chl. a W BEREIR T R R IR, - BE T I 29. 9% , HLX T W ket A WS O SCR , e f vk
JET R 46.3% , IR I AR VL5 1K K S5 A B3 RE 5 SE M AT 800t e 352 TR UK 2R 8 TR AR B, B 11 3 2 R
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Fig. 5 Model validation: simulated water quality indicators versus observed value at 4" station during 2010 —2011

S EFDC R S 9 ERINIK PR = 4k K 3l
FK BRI | 388 2 4% b A0 A58 TR ASS LE R SRR, ] LA
T b 5 2 52 e TR I K T 199 7K B 1 oK O AR Ak i
. RFURYIK 2 7K A 358 857 B R /K 0 B0 3 5 s+
BA—ENSHMNME.

1) VRIIIK BB i i) I AR AIE , K ARS8 4t

e 15, HAT M A & 4K, BRI UKE R 7
e, B BRI & 8 IR AR

2) AR XTI K T 383 T PN 0 e 4, %o
K BT FSES AR I T AW 45, Chl. a W {E
BEALEAR 1. 0% 5 38 7K 2 IR B2, 3 AR Y51 7K IR
i, Chl. a P34 U BE TR B 29. 8% , DB vk B T &
16. 4% ATV 0 & 8 SR A il i A 20T B &R
TEHIAOK B , A B IR AR R 98—, Chl. a
SRR B T RR29. 9%  WEH VR B T B 46. 3% BT
X GRIN K PR 8 bk e e 2 BH S84 .

3) ALK TE Gt far SHRYIK FE BTk K,
TEEEIE S B R & 08 RS Y In) B 42

O
(=)

~ 2%

260¢ 1'/ e

30l i ’v w n H‘I ” 1’1

5 JMU‘ \{ ’ | WM« \| " lw ll WM NW L‘
o

Ago _%%2

e i/ -

Sk i Motk - 4 W

g 32“%#}'&' *IY\atr@w{j{ﬂﬁjy&%ﬁﬁl&nmﬁ,IA.WM,“ ‘v%‘ﬂ#‘%-“\puﬂ”\

o 7

§60 '}iiﬁﬁk

3

2 Thy Muuuw ““ MMW H,%" A
é0094 2010 20114 ’ fi

6 AR5 Chl. a #e BERTIIEE X L
Fig. 6 Comparing of simulated chlorophyll-a

concentration between baseline and different scenarios



400

J. Lake Sci. (#1a45),2014,26(3)

3 AR TR AR TR L W A AR A8 BRI 2 70 7 42 o A 5 R SR K P A S5 K T i
6 &%k

[1]

(2]

[4]
[5]
[6]

[10]

[11]

[12]

[13]
[14]

[15]

[16]
[17]

Conley DJ, Paerl HW, Howarth RW et al. Controlling eutrophication: nitrogen and phosphorus. Science, 2009, 323 .
1014-1015.

Martins G, Ribeiro DC, Pacheco D et al. Prospective scenarios for water quality and ecological status in Lake Sete Cidades
(Portugal) : the integration of mathematical modelling in decision processes. Applied Geochemisiry, 2008, 23 (8) .
2171-2181.

Smith VH, Schindler DW. Eutrophication science: where do we go from here? Trends in Ecology and Evolution 2009 , 24
(4):201-207.

FLEEHH, ThIRAE AR A R SR AR (R TR | 0000 0 TS () 38 5 S . WVARLA:,2009,21(3 ) :314-328.

a8 B B, AR, T K 3 F7 3 Sl T N B SR W . BRI AL ,2012,33(5) :1540-1548.
Li YP, Acharya K, Yu ZB. Modeling impacts of Yangtze River water transfer on water ages in Lake Taihu, China. Eco-
logical Engineering, 2011, 37(2) . 325-334.

Luo F, Li RJ. 3D Water environment simulation for North Jiangsu offshore sea based on EFDC. Journal of Water Resource
and Protection, 2009, 1(1) ; 4147.

Peng S, Fu GYZ, Zhao XH et al. Integration of Environmental Fluid Dynamics Code ( EFDC) model with Geographical
Information System ( GIS) platform and its applications. Journal of Environmental Informatics, 2011, 17(2) . 75-82.
Seo D, Sigdel R, Kwon KH et al. 3-D hydrodynamic modeling of Yongdam Lake, Korea using EFDC. Desalination and
Water Treatment, 2010, 19 42-48.

Shi JH, Li GX, Wang P. Anthropogenic influences on the tidal prism and water exchanges in Jiaozhou Bay, Qingdao,
China. Journal of Coastal Research, 2011, 27(1) . 57-72.

Wu GZ, Xu ZX. Prediction of algal blooming using EFDC model; case study in the Daoxiang Lake. Ecological Modelling ,
2011, 222(6) ; 1245-1252.

Hamrick JM. A Three-Dimensional Environmental Fluid Dynamics Computer Code: Theoretical and Computational As-
pects. The College of William and Mary, Virginia Institute of Marine Science. Special Report, 1992, 317 ; 1-63.
RN 7K Z J3 R BT —— T WA BT (AR, Jbat e ik, 2012.

Tetra Tech, Inc. The Environmental Fluid Dynamics Code Theory and Computation Volume 1: Hydrodynamics and Mass
Transport. Fairfax VA, 2007.

Tetra Tech, Inc. The Environmental Fluid Dynamics Code Theory and Computation Volume 3; Water Quality Module.
Fairfax VA, 2007.

i R SRR AT R iR, 1996:82-88.

Wang Z, Zou R, Zhu X et al. Predicting lake water quality responses to load reduction; a three-dimensional modeling ap-
proach for total maximum daily load. International Journal of Environmental Science and Technology, 2013. doi:
10.1007/s13762-013-0210-7.



