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Numerical simulation of transport and diffusion of thermal discharge
water from the power plants in the Changjiang estuary
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Abstract: The three dimensional numerical model of thermal discharge water in the Changjiang
estuary was established to simulate the transport and diffusion of thermal discharge water from
the Huaneng Shidongkou first power plant under second-phase rebuild project and the whole
power plants in the estuary in summertime, and analyze their impacts on the sensitive targets.
The thermal discharge water transports and diffusions downstream along the south coast of the

South Branch affected by the runoff and mixing. In the case of only considered the project, there
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appeared area of temperature rise of greater than 2, 0 ‘C near the drain outlet, while the impact is
weak and the temperature rise is only 0. 04 ‘C in the water intake., The area of whole tide-aver-
aged surface temperature rise of 3.0, 2.0 and 1.0 C is 0. 12, 0. 60 and 1. 42 km?, respectively.
The tidal and week averaged temperature rise envelope of 1 C does not enter the water source
protection area of Chenhang reservoir. In the case of considered the whole power plants in the es-
tuary, the area of temperature rise of greater than 1.0 C is wider, mainly distributes along the
south coast of the South Branch in 50 km range from Taicang power plants to the downstream
coast of Waigaoqiao power plants. The temperature rise is significant and appears wider area of
greater than 4 ‘C near the Huaneng power plants and downstream water. The areas of whole
tide-averaged temperature rise of 3.0, 2.0, 1.0 C reach 2. 34, 4,16, 13.52 km?, respectively.
The temperature rise is higher and stratification near the coast, and decreases off the coast along
the sections cross the water intake and drain outlet of the project. The isotherm of temperature
rise of 1 'C invades the water source protection area of Chenhang reservoir. The area of tempera-
ture rise of 1 ‘C averaged during spring, middle, neap and week reaches 1.9, 1. 82, 1. 75 and
1.83 km? in the secondary water source reserve of Chenhang reservoir. There is no impact of
thermal discharge water from the whole power plants in the Chnagjiang Estuary on the water
source protection area of Qingcaosha and Dongfeng xisha reservoir, Jiuduansha wetland nature
reserve and Chongming Estern shoal birds nature reserve,

Key words: Changjiang estuary; thermal discharge water; numerical simulation; transport

and diffusion

)

0 7]

KEBEFZGHETHEMNBSITRERARAKERE AULL. ¥ &K —RE A MR R NE
¥, @8 &ZBENERHKRIBUK DBEAE, EHK O3 AR IEKEE R BRHEK. Hk
MR AR T —M R 7~10 C, Xt MUK =4 #3534, LR W IT 8 8UROK 8, K
FEBAKO BRI XS B BHKBESERER A8 SRR LHKRESS
2CHLERBTR AWM. EBHRE, BT HBUKO SHKOHESE, BCHKOMLER
BARY,&ERHKONBHKBZEST BERKO, SBEBUKOLHKBA S, BREILAERW
BITHE. B BHKNEET B RAYERET BN ARO TR, 5KK.BEH
KSR BEFUAE. AL . ARBHKWE ST BOELA R 28 SRR ANE.

BHABET BNARFIERAAGAMMBERDFEF rE iETELE —-FH
BEBERMBHOK MR EY BIFR, A A REERX O BIERER FERERS T
W TRk S E Y S B AL, AR BT B2 5. BsEE M 20 tHE 40 £
WEMRR TH BHKNBEY B, 1968 ££ Harleman 28 A 4+ %f T. V. A. Browns Ferry #&
B TRERSEERERS TRIEKMNEEY BHED. McGuirk f1 Rodi i IR E
PR k-« ERPEESTETROHMIRBHKOBRESAHELD. BEITEN
MBEHTENER, -~ S¥EESRERXHE TRAKWEET B FREARE T EAEXK
X B8 AR T, 20t 42 80 AR, B EEE F R PR IR HEK . 38 3 3035 00 0 F0 A 5] 4 %
HEANT ZAE HBRHEKETHERDM T, RPN ANREERXRSERER _4
PR, G WAMEA =ZAERY. B F AT R SRR K H B SR A



128 HRIMEREER(BRBER 2017 48

FREHEMAHERAZ R FEEMBENSL B, ERAZERERSY BOTBEM
YR L EA S RBTRA KRBT 8 FRES I REED RN T EER
WOFE—8 ARIERAFKPEZT B EREFERENKRILWAOFEHRT HEAEKS
BY RN EUR BRI .

HRBREREMB D ERED IR HER R EEAF DS —B WRBYAE
HRBELEREAATZENAIDRENER BB FRE R BULE CHD. MU =W
HHAEN2%X660 MW, BHKFE R 2X20.5 m’/s, BEIRMFIEHR KRBT H 9 C. AL
MAoHEE T BEAROE—R —HRBWIENE TECFFRA TR BHKKEET #,
BHTBOK O RMHGEBRT K EKFERFEF X EHER. FLE, ZRERERNERNRIT
WOR] KRR, B, AXEEEERBRILAAOEN B BAKABET 8, ZHEIH
REAGREWN. KILFOaRAOMEs aFEg EEaR0E—8) g EBARA%
T VERAROMRYET SR MEHN CCPP i, Xl | MBRTT K EKE R
PRXUBRELBRT ERAROKGER A BMRIA DA REEERECRBARA
A VEHEBAERAA KECENERBARAA . FRARBERAA . HEEZARIE .
RUAREBRMAP O S EFR] REFRAA G KEREE MEXGHE 8,
BERE2. EEKE®. B BHANHHEARKZHA, Bk, BRSNS EZRHEK
RHEY 8. KIWOEELER] FRIVERMBEK TESHAE 1.

S BT AR 3
A e g

31.55

31.50

HEYKE

3145

b4/

3140

31.35
12135 12140 12145 121.500 12158 121.60 121.65

REI)
B REARTHEKOMNE, BRI ERITKEKERR X
B1 kKOFOAROREE vE

Fig. 1 Positions of the power plants near Shidongkou in the Changjiang estuary

1 #EREX

1.1 #RXAEE . WEMEEF K

A AM=EBHKERXEAE ECOM ERERM FR#EMEBEHBESER". BAR
KPR EEXME  BEAEBMKIA O AMNBREEER, LR BERITHE
FH XA KRB INEFARLRE 124.5 °E B, J6ZE 33 °N KL, B E 28 °N M , R
Mg nE 3 B, ZEIABMRILTONE (MNRARAKIO A DAaGRHREREL, A%
BFIY KA/, T B HEK O FEHE S kst A RBHKEG ST HNERNEEEE S



| R, & . KIWOETBHKEET BEBEER 129
32.0
31.8
_.. 316
H
T 314
312
31,0 = ! T 1 oo
12018 1210 @ 1212 214" 1216 1218 1220
R2I°)
EBANKOMLE
B2 kuomom] &
Fig.2 Positions of the power plants in the whole Changjiang estuary
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Tab.1 Parameters of installed capacities, water intake and drainage of the power plants in the
Changjiang estuary in summer
&K BHLAR/MW  BHEKRE/(m® - 5™ BRBEHAKBA/C
HEKGCLEHERAR 2X 600 44 9
Kekth&r B ARAE—H 2% 125 11 9
KEHHERBERLAFA_M 2%300 22 9
KEBthEERERARAZH 2% 300 24 9
Kegggn —H 2%300 22. 64 9
KEEeghn) =8 2X 600 40.8 9
ERERERAA—H 4%300 50 9
EWEE N ERATER D 3 X600 63 9
HREEFRAA=H 2% 1000 64 9
S tEAROFE -8 2 X 660 41 9
SELERFOS B (—HER-HD 2X 600 + 2 X 600 42+ 41,32 9
EEERR ORI 3%390 21.57 7
W@ CCPP &S~ 160 12 8
EWE 2X 600 + 350 35+12 8
EHHIEHABRERATE K@ 2X 600 42 9.0
EBSENRARERARNE B 2X 900 48 9.0
B EHRERERAGAE=RET 2X 1000 50 9.0
KITARBRFERBFA DL 2%20 2.3 10.0
B BERK R 2% 400 14.1 8.0
KRMBEZRE] 2%12 1.5 9

PeRK MM, B, EA T EME XSS A OME LA O B3 XA TEL R ETHHH
TR B RE I, B A PR ALAE] 10 m, M IER M R ML S B2 T RE
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Fig.3 Model domain and grids (a), enlarged grids in the area of Chongtou

(b) and in the area of the river mouth (c)
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Fig.4 Refined grids and positions of dock and trestle bridge near Shidongkou area
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Fig. 5 Distribution of whole tide-averaged surface temperature rise in part of the

South Branch only considered the project
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Fig. 6 Section locations cross the water intake and drain outlet of the project
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Fig.7 Vertical profile distribution of whole tide-averaged temperature rise along the intake
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Fig.8 Vertical profile distribution of whole tide-averaged temperature rise along the drainage
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Fig.9 Distributions of whole tide-averaged surface temperature rise considered

the whole power plants in the Changjiang estuary
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Tab.2 Area of averaged temperature rise considered the whole

power plants in the Changjiang estuary

km?®

BA3ICHEA BA2CHER BA1CHEHR EAHO5 CHER

FM xR 2.43 4,28 12. 90 38.39
h 2 2.19 4,18 12. 61 39.21

KR 2.04 3,95 11. 66 38.50

ok =2 2.36 4.19 12. 22 37.90
= 2.18 4,13 12,07 38.87

KEZ 2.02 3.89 11. 36 38,22

N =2 2.31 4,00 15, 23 36. 18
Ly =] 2,21 4,11 14, 33 38.72

&R 2.09 3.98 13. 38 41.05

2T B2 2.34 4.16 13.52 37. 60
HE 2,19 4,12 12,43 39.09

K2 2,04 3.93 11. 67 39,28

®3 GAERENKIMORTHR TFHRITKE—

EHRABRREBAFERE

CERPEASRAGEZHNRAM

Tab.3 Area of the maximum and averaged temperature rise in the temperature rise envelope,

duration of temperature rise in first and secondary water resource reserve of Chenhang

reservoir considered the whole power plants in the Changjiang estuary

B > B KR I I B km? 38 A IR/ km? e (e /h
BA3IC BF2CEBA1C BAICHBA2CEBAI1C BA3IC BA2CTC BA1T
—BEPRE AW 0.26 0.74 1.29 0 0 1.01 3 5.5 >12
o ¥ 0.25 0.73 1.22 0 0 0.98 3 6 >12
AN 0 0.21 1.36 0 0 0.97 0 3 10. 5
28 0.17 0.56 1,29 0 0 1.00 2 4,83 11.83
ZHEBEPK KW 0. 48 1.32 2.20 0.01 0.18  1.90 12 12 >12
b 0.48 1.29 2. 14 0.01 0.18 1.82 >12 >12 >12
N 0.26 0.56 1.90 0.0t 0.16 1.75 >12  >12 >12
2% 0. 41 1.06 2,08 0.01 0.18 1.83 >12 >12 >12
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Fig. 11 Vertical profile distribution of whole tide-averaged temperature rise along

the intake section of the project
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Fig. 12 Vertical profile distribution of whole tide-averaged temperature rise along
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14.89 1%, HFEEB . KCHE N FKEMFEFX LI, FEERA 1 CHEREBRATHITK
EABHEPX. ERTKEKEL-REPEXAKRE . F8 ./ RSB EHRA 1 CH
ERAHH 1.9.1.82,1. 75 M 1.83 k. BRI H OB BEHRBEHKIEEIHREE
PRGEMIFOET BHANEEDKEMRRNBYKEKRELERP X, UERLEDE
HERFEPX ZHARMELKARRPEHBAEZNE.
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