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Abstract: To explore the way to use remote sensing data to monitor the thermal plume from a nuclear

power plant and verify the application ability of the thermal infrared data from Landsat-8 satellite in

thermal plume monitoring of a nuclear power plant, a sea area of 10×10 km2 near Hongyanhe Nuclear

Power Plant is selected as the research area. The cross calibration method consisting of the thermal

infrared data from Landsat-8 satellite and the temperature product from the Moderate Resolution Imag-

ing Spectroradiometer (MODIS) is used to establish a temperature information extraction model. By

referring to the ′Sea Water Quality Standard′, different temperature rising intensity is classified into

five ranks. With the supplemented in-situ hydrological and meteorological data, the temperature field

distribution and temperature rising intensity variation of the thermal plume from Hongyanhe Nuclear

Power Plant are analyzed. The temperature rising curves of a step of 1 � in different tidal states are

mapped out. The areas affected by different temperature rising are obtained. The data are compared

with the comprehensive result of the mathematic simulation and physical model test. The results show

that with the Landsat-8 satellite data, precise monitoring of thermal plume from a nuclear power plant

can be implemented.

�����2015–07–16

�� !�aDbEcdefghiefFj (41-Y30B12-9001-14/16)

"#$%�kG (1984-) �l�mnopq�&r�HsFjI�JKFjtLuaMvwNx�
E-mail: xwang@nmemc.org.cn

Infrared (monthly)/Vol.36, No.8, Aug 2015 http://journal.sitp.ac.cn/hw



O 36 P�O 8 Q � � 23

Key words: thermal plume; remote sensing; Landsat–8; Hongyanhe nuclear power plant

0 RS
������������������

����	�	�
�������
�	�


������������	��
	��

�
��
��������
�	�
���

�������������� 2007 �
��

	��������� (2005 ∼ 2020 �)
�
�

����
����������������

��� 2020 ������� �������

!�"�� 2% ��� 4% �	����	��

��������������

�������������������

#���������
��������$

��������������������

 �������� �����%�!��

��&���'��������������

����(����������������

)�*���� ���"���+� #�!

�!�����!���"�,����"�"

�Æ#��#���$$"��������
[1−3] �
����%����-� ��$!�

�%�&�� &''��%�.(����

"���()�

 !")�*&��
��%����-

�
�#�
�'+��� !")����

�-�Æ�*�+!��%&�,�")/)(

$-����	,-0���	�#�1.�

$&���2%�,�)&' -�����

(*+/���3�� �)#�4%*���

)���% (�&,.) �)#�4�5'/6

0��, �0(���1�)���%���

���1*7 -+2+�,�+3�")�-

,�"�,��4-.%%)#�2%�-!.

2$&5�/$��2%6// (Advanced Very

High Resolution Radiometer, AVHRR)%MODIS)

&���%����-�0�80 [4−6] �97

:�)#�2% (1 km) �"�1��8$23

����)--. ��;�1������

%*��)#�2%,�� HJ–1B  !4,�

!92+� (InfraRed Scanner, IRS) �)& (300

m) % Landsat !45�637 (Thematic Map-

per, TM)/8,/5�637 (Enhanced Thematic

Mapper Plus, ETM+)�)& (120 m/60 m)���

��")�-� �Æ46�:����%*

3�� [7−11] �91�36��,�/)(<5

=�/%<5=� ;64Æ���5���

 78��/""�,����>��2013 � 2

9�/� Landsat–8 !�?4��,�/)(

(Thermal Infrared Sensor, TIRS) %&6@5=�

: (10.6 ∼ 11.2 µm % 11.5 ∼ 12.5 µm) ��)#�

2%
 100 m��'0�&7"��54Æ1/

%�)#�2%��-�8�
��	�'&

����")�-�,
!9�)&��

���9����:;& Landsat–8/TIRS)

&�"� 78������� A�4 &�

�<<=;,����<$�>�5$: TIRS

���%���")�-���=���
=�

>���")�-&+3?!�

�>(�

1 yTz{
1.1 '()*+

,)@��% (23 1) ?�3;<@AB

=,)@?�C�3DAD�*�E�B�4�

����'+>�FBC
D��5
�
 11.0


��5+�? 
 67%��5@���
 540.3

mm ��
C>  ��%C>D

*�'+

E���G;�,
@A��B$>,��,B

E�A,�*E@0��+>F-�HCI�I

�B+�� FG�
*�C�6I�*�G�

J
DEG%B4G�

��%�7����H�� 6DKHE@.

I�I���D������� 4 D�D	�5

	J�BÆ���� 2D�D����=	-


+J���JL%&M��
F���N�H&

'+BO*P� 1 1��8�
F��8K�

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.36, No.8, Aug 2015



24 � � 2015 � 8 �

K 1 L9GE

K 2 QGLHK

4��'+BO(*�� :R�K�����

8;GB44: (23 2) �

1.2 ,-./01F2

�-;�,)@��%B0�� 2014 �

7 9 13 C% 2014 � 10 9 17 C�MN� 

+� Landsat–8/TIRS )&��3OSP�J


LC81200322014194LGN00 % LC81200322014290L-

GN00��,�-;�<6T!,��� Landsat–8

)&"����QR>?= �I M,�0Q

R=N-�TIRS �6/>UV)'")&O:

>�-��&�/4 TIRS WJ�J�5=�6

? �@A�KBCS��� �;4����

D16? $� ���1/Æ

T
C

=
K2

ln [1 + K1/L(T
C
)]

(1)

���L(T
C
) 
5=6? �T

C

!�? �

 �K1 % K2 
1/�)�& LandsatT�)&�

K1 B10=774.89�K1 B11=480.89�K2 B10=1321.08�

K2 B11=1201.14�

E;PF�%&L�*E)&� ENVI M

>�C!Q����� +�XG�$&�G

R>)�)SN+ (Region Of Interest, ROI) �

HPF!H%&�5� MODIS HPFYO)&

MOD35 ��32PQ�!HTZH0(�"�

)�� +�R)�/)&�

1.3 345I3J6789

� 78��1/%&I�����%�


?!J (National Oceanic and Atmospheric Ad-

ministration, NOAA) �5� MCSST 1/Æ

T
S

= a0+a1B11+a2B12+a3(B11−B12)(sec θ−1) (2)

���T
S

I���� 78�a

i
(i=0,1,2,3)
1

/V)�B
j

(j=11,12) 
 TIR /)(71�,�

5=�?��θ 
 !�D[K�1� Landsat–8

 !4 TIRS 
KSA/)(����D[K



 7.5◦ �I 'UL4-D[K�0(�

VL	��'��� !")�-�&
�

U�
�D+34Æ�5%&, MODIS SST Y

O�M\U>���MODIS/TERRA �MT�;

�7
 10:30 AM �Landsat–8 �MT�;�7


10:15 AM �
�'.
PQ7#@8� 30 min

 N�)#PQ@8
 100 m�557� MODIS

� YO�0�%����3 1 �6�I%&

� Landsat–8/TIRS)&�+378�H]V 2013

� 7 9$ 2015 � 5 9�7�NH�*� 7% �

16 O)&��� P QWQM;XN�N7

��:� (^B) $�� (UB) <<�T
Y)

&"�:��O�&+/_3��

$&4��`��V�>TZU4-)&

�#�� MCSST4Æ1/�= �0�QW�

/"3
�Y1/�;6� )&�X1*� 1


�'&�,)@��%����")�-�

Infrared (monthly)/Vol.36, No.8, Aug 2015 http://journal.sitp.ac.cn/hw



O 36 P�O 8 Q � � 25

: 1 ;<=>? Landsat–8 @ABC

Y[ UV Landsat–8 WR Y[ UV Landsat–8 WR

1 2013–07–26 LC81200322013207LGN00 9 2014–09–15 LC81200322014258LGN00

2 2013–10–30 LC81200322013303LGN00 10 2014–10–17 LC81200322014290LGN00

3 2013–11–15 LC81200322013319LGN00 11 2014–11–02 LC81200322014306LGN00

4 2013–12–01 LC81200322013335LGN00 12 2014–11–18 LC81200322014322LGN00

5 2014–02–03 LC81200322014034LGN00 13 2014–12–20 LC81200322014354LGN00

6 2014–04–08 LC81200322014098LGN00 14 2015–03–10 LC81200322015069LGN00

7 2014–05–26 LC81200322014146LGN00 15 2015–03–26 LC81200322015085LGN00

8 2014–07–13 LC81200322014194LGN00 16 2015–05–13 LC81200322015133LGN00

K 3 \aPZXYbZ]c^d

1.4 ÆD3JEF

��� �+��1���QZ��.0

���[���>)
�S�����[T��

��+/N�	3��@5� �V@	��'

��� !")�-�&
�U�
�&��

�� ���0&�Æ —— �A@5� Æ�

�: MN��%������0(+/
+

�� ��%
�\�;>�3E���&��

0(� 10 km×10 km+/R
� + (23 1)�

\R�'/� +N�@5�3� ����T

Z���0(+/���@5� 1 
& �

�+/����'/]�+/�@5�3� �

5 �R
����-+�eO� �

2 |}U~�
2.1 3G)�S

3��������G�BC�G &3G

f��M���,
^�0(���'���

����0(�����$� [5] �3 3 I1


http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.36, No.8, Aug 2015



26 � � 2015 � 8 �

2014 � 7 9 13 C (T) % 2014 � 10 9 17 C (U)

� !")���� A)#�4���!�

��3��8$���0(�72����0(

+/,*�:��0(+/,������4g

�6V��8G�W�hU�_`�72��

 A�4�a&��1.V��T3����

+/��,�����+g�6)*PG4E7

OW]�_`�U3������
4,*��

��+�
K��g�6 ��8
�\�b

��4�

2.2 3G)HI

3 4 I1
,)@��%������)

#�4��-X���0(+/��
 51,.

(23 2) �5 ,�E������0�UX�

K 4 \aPZXYbZcG^d

: 2 JKLMNO?PQRS

Zc_^ (< `YZ]) ^aiY (< `YZ])

<1 � <1 �

[+1 ��+2 �] +1 �

(+2 ��+3 �] +2 �

(+3 ��+4 �] +3 �

>+4 � +4 �

"3 4 �' Y6�,�E�����+

/ (+3 
% +4 
) ��jZ��G�(���

:��+/ (+1 
% +2 
) ��TU7O3�

"��&�3��a��*�+
'��I_

%I��0( [12−14] �d
@A��8$���

0(�����0(+/���V��8G[

bhU��3�6�eZ���a��kcI_

%I��0(���"3 4 �' 
4Y6�:

I��Zf����+�0(<<���I��

�Ig����+�0(<<�

3 3 �6��&I_&I�\a����

 !"))&�0,.��+/����![

T�3 4 �6�	3;,)@��'���P�

D��0(ldh
����).1[/4&

�!1/0W�<$/"���!']���

 !"))&�0,.��+/���5*�

1[/4/"�N�1.'�\���	� �

,�ie� ��� [9] �����783
�,)

: 3 LMTUVW

Zcf] / � Zc_^ /km2

2014–07–13 2014–10–17

+1 � 8.26 0.53

+2 � 1.18 0.42

+3 � 0.6 0.15

+4 � 0.5 0.04

Infrared (monthly)/Vol.36, No.8, Aug 2015 http://journal.sitp.ac.cn/hw



O 36 P�O 8 Q � � 27

: 4 <XUYZ[

Zcf] / � Zc_^/km2

jm^�n] jmk^^� jm^�n] jmk^^�
_g (`h) _g (`h) _g (oh) _g (oh)

+1 � 26.30 7.40 37.10 14.4

+2 � 4.60 2.20 4.69 1.05

+3 � 1.60 0.60 1.24 0.17

+4 � 0.60 0.20 0.52 0.08

@��%����0(p7 4 
�pU+/�

J

 0.5 km2 % 0.04 km2 �*�Q�i$��

��J
G���?_ [2009] 828 P:>I�>

����&�+U������`���+�

�j�+&V�.(+Y!0(�

3 |�

57k� Landsat–8/TIRS �� 78��

1/��;6-��,)@��%��&7�

���(*�0(<<78�5���0�>

�>3�3q�57XY)&,)1&�1/

"�0�!�)�� �/aÆ

(1) 1�"�l5=�/&�)#�2%�

Landsat–8/TIRS �)&F0m$*7 ���

�=%>")�-�&7�� 1 K �;6= �

,
!9�

(2) ,)@��%����")�-/"4

1�����0(<<J����
G�$!

&�+/<<N�����`��+��j�

+&V�.(+Y!�$0(�

(3) 3�	 – e����0(��� !"

)-��� 78,)1&�1/"�#r�

1.�972`l
���5'��1�ie�

 �$�	� ��<$4-�

(4) 36� !�ma�&D
�9./)

(�0(�<!��.%4-. ���
�-

���B�� 57!!Da�������

.%4-b
��G�

c\��

[1] Davies P A, Mofor L A. Remote Sensing Observa-

tion and Anslyses of Cooling Water Discharges from

a Coastal Power Station [J]. International Journal of

Remote Sensing, 1993, 14(2): 253–273.

[2] dn�efbst�\aPZXYo��nocd
gebL9 [J]. ]^h_`a, 2008, 28(1): 1–7.

[3] uYbsaQZXYopvnocdbgeL9
—— icqrfpaQgd [D]. ef�efs_
�h� 2006.

[4] Chuang H H, Tseng R S. Remote Sensing of SST

around the Outfall of a Power Plant from Landsat

and NOAA Satellite [J]. Journal of Photogrammetry

and Remote Sensing, 1998, 3(2): 17–45.

[5] Tang D L, Kester D R, Wang Z, et al. AVHRR Satel-

lite Remote Sensing and Shipboard Measurements

of the Thermal Plume from the Daya Bay Nuclear

Power Station, China [J]. Remote Sensing of Envi-

ronment, 2003, 84(4): 506–515.

[6] ew�jg�hi�xsyjij^zktqkW
Rkl�\aQZXY��lmlL9 [J]. bcd
e, 2015, 30(2): 71–76.

[7] muu�e{�non�xs��l[mntqkW
R��\aPZXY^d —— i�opgd [J].

bcfg, 2012, 20(2): 41–46.

[8] no�rwp�q|}�xs`p��rqmnt
qk}sWRL9\aQZXY^d [J]. hijk
lrms, 2012, 31(6): 544–549.

[9] jg�tgs�qv�xs\aPZXY^dmnr
t��usu [J]. nomjnopq , 2014, 34(11):

3079–3083.

[10] tt�jg�Æu�xs`p HJ–1B v TM tqk
WRb�op\a`vZXYrt�� [J]. rst
uvm, 2014, 34(5): 1181–1186.

[11] u~w�qv�qvv�xsgw TM gw��v
xw�opZXYtxy [J]. rstuwx, 2006,

22(3): 80–84.

[12] wzy�xznsm{YEaQZXYbYxv
t~{Y||Wyyz [J]. xyms, 2004, 12(8):

66–70.

[13] y�u�tz{�{qmsm{ge}aQZXYz
|b||Wyyz [J]. xy{|ms, 2008, 27(3):

125–131.

[14] ~�f�}}}��~|�xsm{}~}b~p
vGZXYz|v~���L9 [J]. x�zm{|
j}~�A �, 2014, 29(2): 157–165.

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.36, No.8, Aug 2015


