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Abstract: In the environmental impact assessment process of northern nuclear power plant construction
projects, the influence of icing conditions on the water temperature rise is not considered in the numerical
simulation analysis of thermal discharge, which leads to the conservative and uneconomical selection of water
temperature rise. To explore the temperature rise and ice melting characteristics of thermal drainage from
nuclear power plants in cold regions, a three-dimensional tidal current field and thermal drainage model are
established including the thermodynamic process of air-sea ice interface heat flow, sea ice internal heat
conduction, sea ice-ocean interface heat flow, and sea ice generation and dissipation. Taking Xudapu Nuclear
Power Plant as an example, the diffusion law and melting range of thermal drainage with ice effects are studied.
The results show that the maximum temperature rise envelope area affected by sea ice with a surface
temperature rise of 0.5 °C, 1.0 °C, and 2 °C during the spring tide is reduced by 38.93%, 32.18%, and 3.72%;

respectively, compared to those without sea ice effects; And the melting range caused by the temperature
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drainage during the simultaneous operation of Units 1-6 is 36.31% larger than that during the simultaneous

operation of Units 1-4. In addition, the working conditions dominated by concealed pipe drainage are opposite

to those dominated by open channel drainage. As the drainage source is closer to the bottom layer, the

maximum temperature rise envelope area of the surface, middle, and bottom layers increases sequentially. This

study can provide a new method for environmental impact assessment of nuclear power plants in cold regions.

Key words: thermal drainage; sea ice; ice melting range; nuclear power plants; numerical simulation

FECBGR” HER T, ZBAE N RRIR, i
kT BAE R, IR EE A R E SRR
HoIX, LAEEKAE R HK IR, i aaE L 2
PEAA RN 4 25 SR 52 0, BRI T 2 S 450K, 1K
WAL K 3~4 A AP 6Tk T b 7 FE Ve X
PR A% FEL G T 5, £ VT A Rl | A S B FEL i A
R A% FL ity A 2R AR AT B AT I 7K 45 K B 3
IKAG ST S5 Ha 1 D 80 . BOK H 38 ZE D R HoAth oK
FBOK R, 5 e R, B E 7 4
Az R TR HE K HE ik 2 JR M R, SR HEAKGE B A
T BE S A S R GBS e Rt il
FHESC2A AR TIN5 A T HE AKX R 55 198 5% i S A%
BT H B R AN BB TAEZ —
SR, 388 AE AT A R LT IR HE /K B A A 1
W5 BT i, IR IR HE K Bl vk i FE, 800t
THOKIR T BEBUR RSP AN 285

PLARER X )R HE K AR ST B G LA
TE IR ST GBI BT L R BRI T S
AL DL B IR HE K B A AR, (R 5 % K
SR, LG e 3R BG% Sk s TA) PN %) 3 6] 9 1R 20
AT SR A BT AT LS A B MBI 5 A
il TR HEZK B 2 [ o3 A1, H H TSI A A,
T 36F A TR IX AR THERAE EAT 200 %%
(RS ABL B AR AT LSRN T 38 BRI 520 Rk 43
JriEAE ] IR HEK A5 J7 A R 1 R B,
MIKE 21 f MIKE 3 #5271 o 3t = £ 5 2k 19
EL R TR RS Y B K B s e
7K il 26 3F 1F 38 P 4% 455 2L (estuarine coastal and
ocean model, ECOM) # F F W 5% K VL0l 111 3 2=
IR HEK 1 T Wk A B B MR RO B H A
T 2549 7 2 FH T AL BT R 0 S A r sl YL
KB R AR S5 R RS A R AR B Y
FVCOM #5284 5 FH SR AT 400 41 25 5 ) K Sl P )
WRHEK - T 4R T O . = e R
JUEAAR R RMA2 A1 RMA4 § 0 FHF5EH )

P T HE B A 1 5 Y, RMA-10 B RIS
fif £61 Pl AL )R K BB e il R R, B
A K IR HE K BIRIF ST 22 S A X TE vk IX 3, B
o 225 UK X SR /A % FEE DK BRI S

) L HE K A # il vk BE G ) T 9% fi i KON
FREBUK E1, 3Oa] DAREAR IR HE K 7 >k 0 #4305 G, &
— RIS RN . FHARHRSETFR TR
HEK A PG ok TARBESE. Th A v i R K A
i VK A7 T il 2 XoF T 2 Y25 VA 400 G S e 25
St 32 S v A T B T RS S R 1 K
25 53 J2 N BRI AA BTE VK Y
A TE LT SIEHEK P BOHLER AR T R R AT,
{EET SR HEK Rl vk i) = 4 BB AR I 800

AHIFTEHL AR X0 1 R B A% v i el 37 TR HE K Rl
VK = BB, B4 AT TR HE AR AR 225 Dk S
T W Y O, RS IERA BRI
TATEAIAE 30 | VR DK PSR IAAE R | Vg KT I S 1T A
VI 45 9 VKA T S VKA 2 AR, IR RHIEE K
T PR R A TR R 5T, SR AR KR T R
HEZK TR0 PR S WP 5 R e

1 MR57RZE

1.1 RHEK Rl v B i BE Ty ik
111 Z4E3ARGRHERAER A K F A2

U HE 7K T VKBS A A0 BE T AR 4540 fb I A% A
FRAARFL 1Y FVCOM(Finite Volume Coastal Ocean
Model) BAYTF i, 2 AR AR G5 18 AL A% A PR
PRF I, X ESE TR L B oy R RCIR S Ty R it
FrasEt™,

TR bR 2T, = 4E IR HEK A9 BE X i —4
Hor R,

oTD O0TuD OTvD OTw

o ox oy | or

10 oT oT

0 0 or

——(Kp,—)+DTy+ — (A H—)+ — (A H—
D()a'( h60')+ 0+6x( h ﬁx)+(9y( h (9y)
(1)




432 # K

SR

%43 K

K TR T K, Anfr il R 3 [a] FKF 34
PR, AR E K B 72 v i AR AR
5 To MR HEK BRI IR TR .

1.12 BAR SRR KT A2

A SRRETT, ok o R R A EE: K
SRR | VK PRI S vk
P ST PR 5 vk AR T YL AR K R vk B
(EASE LA R v, VA K 1A 3 AL 1T 114 FGE 1 X 16
VKA TR 3 AR

1) DK 1 LTI Y AAE e

VR VKRS TAT %) AV o 2 2 ph U R PG i 0
WEUKAER I AL S Qup s ™, AT B 1,

Ovot = Ow + Ocp ( 2 )
or
QCb_kia_ZZ:me (3)

Ko kIR G T R Zoo ARG VK
JEE T AL FR (m)o 24 Quor > OFFF, T VKRS 17 JF 4 TH
s 5 00, AR oK A B

2) ¥ UK 18I (1) Al Ak

VA VK 3 T A 9 A A 32 SR P oK T A9 SRl
S QuopE B, T AR I R

dn) [0 Orop| 120 < 0

_qE =0 - { Orop Qt0p| 1=0=0

s g Ay Rl A B R FEGEE K T T 2 1 B A
(J-m3); h UG VKIEEE (m).
1.2 AR IE
1.2.1 = 4R HEREEEAE

TP HRREZRT O FILARE TGRS, TR
B A2 Bk HEK s . Ak, K
TR FH U TR i 25 455 750 B3 A gl VA AR A S A
R, XL TR K EEAZ LT R A T R
VR SRy /INBE TR R I R B AR, Q] 1 iR o

(4)

(a) g

S K BT AR £99.7 x 104 km?, &% HL) /)N
B K BRI AR Y 824.7 km® ., FF30 37
He A e LT Y% TR 22 4% Chinatide Y
FVCOM #2784 X373 3K 20 5040 ok 11 55 ] [ 8 0 1%
T+ > NCEP (National Centers for Environmental
Prediction) [ I P AT XS BUE . BEEIS
A A B 3 57 9 3 AT K TR S 5 A UL
AR R KR R B T ) P B &R
¥H 0.24 m’/s, HH Smagorinsky 231 ; Mellor
Yamada 2.5 B it P75 455 284 11 2 ) $A T 1 R AR
107 m?/s; JEE HOHLURE 5 B 5Bl 0.001 mo A5
ISR E R FH 2019 SR SR SCHERETT .
122 #EREE

WAL 59 I ) ] 2 DA 2019 4F 11 A 28 H
1302 12 H 8 H 61}, #1 0 55 i 520 5 455401 1
LN EL S R Al 2 Frzs o #1 I (A A 0L 3 167
e KAE A 1.23 m, 55 SEIAE A AE X 52 25 h—4.65%;
R 57 ) B /M R —1.34 m, 55 SR A6 AH X6
75 H-3.60%;

Uit LAY 5 TE B ] 2 DA 2019 4F 11 H 28 H
130F % 29 H 148, WK 3 FroR, #2 3 519 3R
SRR 3 S A R 0.32 m/s, AR T S A
FEXT 1R 22 A —5.88%; e KA HAE N 0.62 m/s,
5 SE AR 2E R 9.82%.

T IR 1 99 I B[] & AA 2019 4F 11 A 28 H
13 AP 22 29 H 14 By ML )R] o 7K IR S
#3 Ui 15 ) 2R 2 AR AL 5 SR A% L an ] 4
FIr7R o 38 A0 LE nT A5, AL A% v 2R T L 5 S
EOLEA B — 2o, R TR AR Bl 1)
i 2 e TR T 3R R B (] 7K IR B s [ 2 £k Y
FRAE o 3K — 45 SR B T 7 SR8 3 18] B B8 HH R A5

o #10
u R0
e #3K

® 43

E1 SREZEEVERNSHE

Fig. 1 Xudapu Nuclear Power Station location and measurement station
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Fig.2 #1 Comparison of measured and simulated tide levels
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Fig.3 Comparison of measured and simulated surface current speed and direction
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Fig. 4 Comparison of measured and simulated sea surface temperature
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Fig. 5 Melting range of typical spring tides in winter
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Fig. 6 The selection of the drainage channel cross-section (a) and its temperature rise (b) during the spring tide under the

operation of Units 1-6 (0-503 m is the open channel section, 503-1355 m is the open channel outlet section, and 1355-

2246 m is the sea area section)
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Fig. 7 The maximum temperature rise envelope area of typical spring tide during winter when units 1-4 are operating

simultaneously
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