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Analysis of economic feasibility of cooling water discharge system

by power generation type

JONG IN KIM

Interdisciplinary Program of Ocean Industrial Engineering, Graduate School,

Pukyong National University

Abstract

In this study, the purpose of this study is to analyze the economic
feasibility of cooling water discharge systems for each type of power
generation while proposing a new method of economical analysis using the
case of fishery loss compensation.

Prior to the economic analysis of this study, the correlation between the
data was confirmed through correlation analysis and regression analysis
between the case of fishery loss compensation, generation capacity, and cooling
water discharge.

The economic analysis of this study was defined as comparing and
analyzing the degree of compensation for fishing losses required to produce
IMW, which is the cost/benefit ratio, by classifying the cost part into the

fishery loss compensation and the benefit part by power generation capacity.

_Vi_



The results obtained in this study are summarized as follows.

As a result of correlation analysis and regression analysis, correlation
between fishery loss compensation, power generation capacity and cooling
water discharge was confirmed.

As a result of economic analysis in terms of compensation for fishery
losses in this study, it was analyzed that underwater discharge was more
economical than surface discharge by cooling water discharge system.

In addition, by type of power generation, it was analyzed that there was
economic feasibility in terms of compensation for fishery losses in the order
of combined cycle power, thermal power, and nuclear power generation, and
the combined power was analyzed to have higher economic efficiency than
other power generations.

Finally, the results of this study are expected to be used as basic and proof
data to support the results of various domestic and international studies on

underwater discharge systems.
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Data

Fihsery Compensation case

Power Plant status

- Cooling Water Drainage System - Capacity
- Power Generation Type - thermal discharges
. . Regression
Correlation analysis .
analysis
ezt ) - Multiple R—squared
- Correlation Factor
- P-value
y
Economic Analysis
(cost/benefit ratio analysis)
Analysi . .
fasysis - Cost part : Fihsery Compensation
- Benefit part : Capacity
l
Economic evaluation
Result

- Economic evaluation of Cooling Water Drainage System

- Economic evaluation of Power Generation Type

Fig. 1.1. Outline in this study
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Table 2.1. Status of nuclear power plants in Korea

. . Capacity Commercial
Plant Name Unit Location .
(MW) Operation
% 650 1983.07.25
) Gijang,
Kori 3 950 1985.09.30
Busan
4 950 1986.04.29
1 Gijang, 1,000 2011.02.28
2 Busan 1,000 2012.07.20
Shin-Kori
3 Ulju, 1,400 2016.12.20
4 Ulsan 1,400 2019.08.29




. . Capacity Commercial
Plant Name Unit Location .
(MW) Operation
2 700 1997.07.01
Wolsong 3 700 1998.07.01
G ju,
4 yeonel 700 1999.10.01
Gyeongbuk
1 1,000 2012.07.31
Shin—-Wolsong
2 1,000 2015.07.24
1 950 1986.08.25
2 950 1987.06.10
_ 3 Yeonggwang, 1,000 1995.03.31
4 Jeonnam 1,000 1996.01.01
) 1,000 2002.05.21
6 1,000 2002.12.24
1 950 1988.09.10
% 950 1989.09.30
3 Uljin, 1,000 1998.08.11
Hanul
4 Gyeongbuk 1,000 1999.12.31
5 1,000 2004.07.29
6 1,000 2005.04.22
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Table 2.2. Status of domestic thermal power plants
C Plant N N Locati
ompan ant Name ocation
pany (Total) | (MW)
Samcheonpo 6 3,240 Goseong, Gyeongnam
Yeosoo 2 668.6 Yeosu, Jeonnam
KOSEP
Youngdong 1 200 Gangneung, Gangwon
Youngheung 6 5,080 Ongjin, Incheon
Samcheok 2 2,044 Samcheok, Gangwon
KOSPO
Hadong 8 4,000 Hadong, Gyeongnam
Dangin 10 6,040 Dangjin, Chungnam
Donghae 2 400 Donghae, Gangwon
EWP
Ulsan 3 1,200 Nam-gu, Ulsan
Honam 2 500 Yeosu, Jeonnam
Taean 10 6,100 Taean, Chungnam
KOWEPO
Pyungtaek 4 1,400 Pyeongtaek, Gyeonggi
Boryoung 8 4,050 Boryeong, Chungnam
KOMIPO
Shin-Boryoung 2 2,000 Boryeong, Chungnam
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Table 2.3. Status of Combined Thermal Power Plant in Korea

Unit Capacity .
Company | Plant Name Location
(Total) (MW)
Shinincheon 12 1,800 Seo—gu, Incheon
KOSPO
Busan 12 1,800 Saha-gu, Busan
KOWEPO Gunsan 3 718 Gunsan, Jeonnam
EWP Ulsan 12 2,072 Nam-gu, Ulsan
KOMIPO Boryoung 9 1,350 Boryeong, Chungnam
SK E&S Guangyang 6 989 Gwangyang, Jeonnam
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Table 2.4. Nuclear Power Plant Compensation Case

Plant y Compensation
Year Reasons for compensation .
Name (10°won)
1980 | Seaweed farm damage by warm drainage 4.6
1983 | Seaweed farm damage by warm drainage 45
Gori 1990 | Seaweed farm damage by warm drainage 15.0
Damage to seaweed farms, nurseries, and
1992 . . 34.6
common fish farms due to warm drainage

Total 58.7
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Plant . Compensation
Year Reasons for compensation .
Name (10°won)
1995 Fishery damag.e by warm drainage 3910
(4 Units—forecast)
1999 Fishery damage. by warm drainage 2468
(4 Units-actual)
Missing bare-handed fishing compensation
2004 ) 6.5
(4 Units-Gochang)
2004 Fishery dan.lage by warm drainage 999.4
(6 Units-Yeong gwang)
Hanbit 2005 Missing bare*h.anded fishing compensation 36
(4 Units-Yeong gwang)
Compensation for division fishing
2005 ) 287.0
(6 Units-Gochang,Yeong gwang)
2006 Fishery dar.nage by Wal‘l’l’.l drainage 7664
(6 Units—Gochang[Final])
2003 Fishery .damage by warm d.rainage 192.0
(6 Units—Yeong gwang[Finall)
Total 2,052.7
2007 Fishery damage.by warm drainage 9705
Wol- (4 Unit-actual)
seong
Total 999.5
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Table 2.5. Nuclear Power Plant Correction Index

Year
1980 1983 1990 1992 1995 1999
Index
Producer price
40.49 51.11 55.83 59.73 65.19 76.76
(Total)
Correction 2.6 2 19 1.7 1.6 1.3
Year
2004 2005 2006 2007 2019
Index
Producer price
84.277 86.06 86.85 88.09 103.5
(Total)
Correction 1.2 1.2 1.2 1.2 1
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Table 2.6. Nuclear Power Plant Compensation Case Correction

. . Correction
Plant Compensation | Correction .
Year . . Compensation
Name (10°won) index g
(10°won)
1980 46 2.6 11.96
1983 45 2.0 9.00
Gori 1990 15.0 19 28.50
1992 34.6 1.7 58.82
Total 58.7 108.28
1995 391.0 1.6 625.60
1999 246.8 1.3 320.84
2004 6.5 1.2 7.80
2004 229.4 1.3 275.28
Hanbit 2005 36 1.2 4.32
2005 287.0 1.2 344.40
2006 766.4 1.2 919.68
2006 122.0 1.2 146.40
Total 2,052.7 2,644.32
2007 279.5 1.2 335.40
Wolseong
Total 279.5 335.40
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Table 2.7. Thermal Power Plant Compensation Case

2Fo]E Table 2.8.3 o] 198711720194

s 2 Ak

Plant 2 Compensation
Year Reasons for compensation .
Name (10°won)
Compensation for the extinction of
fisheries within the expected impact
1994 7 365.4
area by warm drainage
(Operation of units 1 and 2)
Compensation for the extinction of
Dangjin 1998 fisheries within the expected impact 997
area by warm drainage
(Operation of units 1-4)
Seaweed farm damage by warm drainage
2005 [ s 57
(Operation of units 1-4)
Total 1,115
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Plant . Compensation
Year Reasons for compensation .
Name (10°won)
1996 Fishery fiamage by \.7varm drtainage 960.1
(Construction and operation of Units 1-4)
Fishery damage by warm drainage
o002 | | oTCTY CAmaEe by amnag 285.8
Sam- (Construction and operation of Units 1-6)
cheonpo Fishery damage by warm drainage
2010 | (Construction and operation of Units 1-6) 162.0
[Litigation Judgment]
Total 470.8
Fish d b rm drainage
Seocheon | 1987 N a.mage Y .Wa P 15.2
(Operation of units 1 and 2)
Fishery damage by warm drainage
Jeju | 2003 I § 25
(Operation of units 2 and 3)
Warm drainage and ash treatment
2001 ) 210.0
plant for units 1-4
Hadong Warm drainage and ash treatment
2007 ) 3475
plant for units 5 and 6
Total 557.5
H.G.P 2011 Warm drainage of units 1-8 11.5
G.CP 2011 | Fishery damage by warm drainage 10.9
GL.CP 2007 | Fishery damage by warm drainage 19.6
H.G.P : Hyundai Green Power, G.C.P : Gunsan Combined Power,

G.L.C.P : Gwangyang LNG Combined Power
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Table 2.8. Thermal Power Plant Correction Index

Year
1987 1994 1996 1998 2001 2002
Index
Producer price
51.41 62.28 67.31 78.39 77.97 77.76
(Total)
Correction 2 1.7 1.5 1.3 1.3 1.3
Year
2003 2005 2007 2010
Index
Producer price
79.45 86.06 88.09 99.06 105.71
(Total)
Correction 1.3 .2 1.2 1
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Table 2.9. Thermal Power Plant Compensation Case Correction

. . Correction
Compensation | Correction .
Plant Name Year - . Compensation
(10°won) index o
(10°won)
1994 365.4 1.7 621.18
1998 99.7 1.3 129.61
Dangjin
2005 5.7 1.2 6.84
Total 1,115 1,380
1996 269.1 15 403.65
2002 285.8 1.3 371.54
Samcheonpo
2010 162.0 1.0 162.00
Total 470.8 757.63
Seocheon 1987 15.2 2.0 30.40
Jeju 2003 2.5 1.3 3.25
2001 210.0 1.3 273.00
Hadong 2007 3475 1.2 417.00
Total 557.5 690
H.GP 2011 11.5 1.0 11.50
G.CP 2011 10.9 1.0 10.90
GLCP 2007 19.6 1.2 23.52

_23_
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Brighouse, 1984)
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Table 3.1. Current status of nuclear power generation capacity and

thermal discharges

Discharge
type

Surface

Surface

Surface

Surface

thermal discharges
(m’/hr)

140,040

154,440

214,560

214,560

723,600

Capacity
(MW)

587

650

950

950

3,137

Unit

Total

Plant Name

Kori
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s e | T Capacity thermal discharges Discharge
(MW) (m'/hr) type
1 950 194,760 Surface
2 950 194,760 Surface
3 1,000 178,920 Surface
Hanbit 4 1,000 178,920 Surface
5 1,000 233,280 Surface
6 1,000 233,280 Surface
Total 5,900 1,213,920
1 679 154,080 Surface
2 700 154,080 Surface
Wolsong 3 700 154,080 Surface
4 700 154,080 Surface
Total 2,779 616,320
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Table 3.2. Nuclear power plant power generation capacity and thermal

discharges, compensation

Thermal

Capacity . Compensation | Discharge
Plant Name discharges .
(MW) (10°won) type
(m’/hr)
Kori units 1-4 3,137 723,600 108.28 Surface
Hanbit units 1-6 5,900 1,213,920 2,644.32 Surface
Wolsong units 1-4 2,779 616,320 335.40 Surface

Table 3.3. Nuclear Power Plant Correlation Factor

Correlation Capacity thermal discharges
analysis MW) (m’/hr)
Correlation Factor 0.9827 0.9689
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Table 3.4. Current status of Thermal power generation capacity and

thermal discharges

. Thermal .
. Capacity ; Discharge
Plant Name | Unit discharges
(MW) type
(m’/hr)
1 500 93,760 Surface
2 500 93,760 Surface
Dangjin 3 500 93,760 Surface
4 500 93,760 Surface
Total 2,000 375,040




Thermal

. Capacity . Discharge
Plant Name | Unit discharges
(MW) type

(m'/hr)
1 560 65,768 Surface
2 560 65,768 Surface
3 560 65,768 Surface
Samcheonpo 4 560 65,768 Surface
5 500 93,600 Surface
6 500 93,600 Surface

Total 3,240 450,272
Seocheon &2 400 68,040 Surface
Jeju 273 150 14,600 Surface
1 500 Surface
2 500 Surface
3 500 Surface

367,248
Hadong 4 500 Surface
5 500 Surface
6 500 Surface

Total 3,000 367,248
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Table 3.5. Thermal power plant power generation capacity and

thermal discharges, compensation

. Thermal . .
Capacity . Compensation | Discharge
Plant Name discharges .
(MW) (10°won) type
(m'/hr)
Dangjin units 1-4 2,000 375,040 757.63 Surface
Samcheonpo units
-6 3,240 450,272 937.19 Surface
Seocheon units 1-2 400 68,040 30.4 Surface
Jeju units 2-3 150 14,600 3.25 Surface
Hadong units 1-6 3,000 367,248 690.00 Surface
Table 3.6. Thermal Power Plant Correlation Factor
. ! Capacity Thermal discharges
Correlation analysis
(MW) (m'/hr)
Correlation Factor 0.9532 0.9958
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Table 3.8. Results of Simple regression analysis of compensation /

power generation capacity and thermal discharges
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Table 3.9. Results of Simple regression analysis of compensation /

power generation capacity and thermal discharges

Simple regression Capacity Thermal discharges
analysis (MW) (m’/hr)
R? 0.9085 0.9916
thermal power
plant p 0.012 0.0003
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Table 3.10. A Case Study for Economic Analysis of Drainage System

Maximum
. . Diffusion Range .
Plant Capacity | Compensation Discharge
" of 1T thermal
Name (MW) (10°won) ] type
discharges
(kar')
Dangjin
) 2,000 757.63 8.00 Surface
units 1-4
HG.P
) 800 11.50 3.06 Submerged
units 1-8

il L

Hyundai Green
Power(H.G.P)

o Bl

Fig. 3.5 Location of Cases for Economic Analysis of Drainage System.
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Table 3.11. A Case Study on the Critical Temperature Maxium in

Fishery Damage Survey

Critical .
Related public e e
Factor | Temperature | Sea area . Related institutions
. utilities
Maxium
. . Korea Ocean
Dangjin, Dangjin .
Research Institute
Chungnam | Thermal Power
(1994)
. . Korea Electric Power
Dangjin, Dangjin .
Corporation
Chungnam | Thermal Power
(1997)
Korea Ocean
Taean, Taean Thermal )
Research Institute
Chungnam Power
(1995)
Korea Ocean
Research Institute
Tempe i Uljin, Uljin Nuclear (1994)
“rature 1C Gyeongbuk Power - Pukyong National
University
(2002)
Korea Electric Power
Yeonggwang, Yeonggwang .
Corporation
Jeonnam Nuclear Power
(1998)
Pukyong National
Sacheon, Samcheonpo ] )
University
Gyeongnam | Thermal Power
(2001)
Pukyong National
Hadong, Hadong . .
University
Gyeongnam | Thermal Power
(2000)
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Fig. 3.6 Maximum Diffusion Range of 1C thermal discharges by Plant



Table 3.12. Economic Analysis by Coolant Drainage System

Maximum
c " Diffusion
Plant Discharge ompensation Range of 1T Compensation
per IMW 8
Name type o thermal (10°won/MW - kur)
(10° won/MW) .
discharges
(')
Dangjin
units 1-4 Surface 0.379 8.00 0.0474
(A)
H.G.P
units 1-8 | Submerged 0.014 3.06 0.0046
(B)
Economic Analysis
27.00 10.35

(A/B)
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Table 3.13. Economic Analysis of Power Generation Types

. . Compensation
Capacity | Compensation
Type Plant Name - per IMW
(MW) (10° won) o
(10° won/MW)
Kori
: 3,137 108.28 0.03
units 1-4
Hanbit
Nuclear , 5,900 2,644.32 0.45
units 1-6
Power Wolsong
. 2,779 335.40 0.12
units 1-4
Average 0.2
Dangjin
) 2,000 757.63 0.38
units 1-4
Samcheonpo
; 3,240 937.19 0.29
units 1-6
Seocheon
Thermal . 400 30.4 0.08
units 1-2
Power
Jeju
; 150 3.25 0.02
units 2-3
Hadong
) 3,000 690.00 0.23
units 1-6
Average 0.2
Combined G.CP 700 10.9 0.02
Thermal GL.CP 989 23.52 0.02
Power Average 0.02
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Table 3.14.

Power generation capacity and thermal discharges by type

of power generation, design water temperature difference

Thermal
. Thermal . temperature
Plant Capacity | . discharges .
Type discharges difference
Name (MW) (x/hr) per IMW (AT-T)
m r )
(m'/hr - MW)
Kori
] 3,137 723,600 230.67 7.03
units 1-4
Hanbit
] 5,900 1,213,920 205.75 8.13
Nuclear | ynits 1-6
Power | Wolsong
) 2,779 616,320 221.78 9.56
units 1-4
Average 219.40 8.24
Dangjin
g 2,000 375,040 187.52 7.00
units 1-4
d 3,240 450,272 138.97 9.30
units 1-6
Seocheon
g 400 68,040 170.10 7.60
Thermal | ynits 1-2
Power Jeju
; 150 14,600 97.33 8.00
units 2-3
Hadong
. 3,000 367,248 122.42 8.10
units 1-6
Average 143.27 8.00
G.CP 700 56,988 81.41 6.45
Combined
Thermal | GL.CP 989 82,258 83.17 7.00
Power
Average 82.29 6.73
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Table 3.15. Economic Analysis of Power Generation Types by

Coolant Drainage System

Discharge Combined
Nuclear Power Thermal Power
type Thermal Power
Surface @) ™ 9
Submerged ™ D [ )

% @ : Excellent, @ : Good, @ : Average, ® : Fair, O : Poor
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