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A Quantitative Model for Estimating Fishery
Production Damages as a Result of Thermal
Effluents from Nuclear Power Plants

Chang Ik Zhang, Sung Il Lee', Jong Hee Lee™
Division of Marine Production System Management, Pukyong National University,
Busan 608-737, Korea
'East Sea Fisheries Research Institute, National Fisheries Research and
Development Institute, Gangneung 210-861, Korea

A quantitative model was developed in order to estimate fishery production damage due to anthropogenically

mduced environmental changes. The model
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1s described in the following equation,

")), where, Yp is annual amount of fishery production by nuclear power

plant. ¢ D and ¢ G are instantaneous decreasing coefficient of fishery production by nuclear power plant
and instantaneous decreasing coefficient of gross fishery production, respectively. Yy is annual mean fishery
production without damages. #, is the present time, and # is the starting time of damages. The model
was applied to fishing grounds near a nuclear power plant on the east coast of Korea. Since fishery production
damages have become bigger with increasing emission of thermal effluents from generators activities in

the power plant, this factor has also been considered as, 5,

=5D(EH{/ WT>, where, Jp; is the cumulative
i=0

damage rate in fishery production from generators, Jp is the total cumulative damage rate in fishery production,
W, is the emission amount of thermal effluents by generator i, and n is the number of generators in the
nuclear power plant. This model can be used to conduct initial estimates of fishery production damages,

before more detailed assessments are undertaken.
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Fig. 1. A graphic explanation for estimating damages in
fisheries production. fy is the starting time of damages, #,
is the present time, Y, is annual mean fisheries production
at t0, YpA is the total expected production, YyB is the total
production decreased by ecosystem changes other than
damages by nuclear power plants, ¥,C is the actual production
decreased by natural ecosystem changes and damages by
nuclear power plants.
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Fig. 2. A graphic explanation for estimating damages in
fisheries production by considering thermal effluents with
operating nuclear power generators. f, is the starting time
of damages, #; is the operating time of the first generator,
t> is the operating time of the second generator, #; is the
operating time of the third generator, #; is the operating time
of the fourth generator, #, is the present time, Yy is annual
mean fisheries production at #5, Jr is the damage rate by
ecosystem changes other than damages by nuclear power
plants, Jps, Spi, Ipz Jps and Jp, are damage rate by
thermal effluents at ¢, &, 13, ts, and 2,
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Fig. 3. Time series of CPUE by Korean fishery.
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Table 1. Calculations of model parameters for estimating damages in fishery production
nuclear power plants, which is applied for fishing grounds near a nuclear power plant

considering thermal effluents of
on the east coastal of Korea

Model g:ﬂgi (YYYY?B?IM.DD} ;::::;goef D oo o OF 6 Yr Yo Ys Yr Ya Yr Yo 5
1 A 19780101 27457 01000 00038 - 00088 0.0126 10,000 14,148 388,464 328,232 60,232 41,943 18,289 0.0471
B 19780116 27.416 01000 00038 - 00088 0.0126 10000 14,143 387,742 327,678 60,065 41,807 18,257 0.0471
Cc 1980.08.21 24.820 0.1000 0.0042 - 0.0088 0.0130 10,000 13,823 343,100 293,095 50,005 33,733 16,272 0.0474
D 1984.02.23 21.314 0.1000 0.0042 - 0.0088 0.0137 10,000 13,403 285677 247,639 38,038 24,356 13,882 0.0479
E 19851202 19540 01000 00054 - 00088 00142 10,000 13,196 257,839 225,176 32,663 20,253 12,410 0.0481
F 1989.12.30 15463 0.1000 0.0068 - 0.0088 0.0156 10,000 12,731 196,853 174,892 21,961 12,377 9,584 0.0487
2 A 1978.01.01 27457 0.1000 0.0038 - 0.0088 0.0126 - - - - - - - 0.0471
B 1978.01.16 27.416 0.1000 0.0038 - 0.0088 0.0128 - - - - - - - 0.0471
C  1980.08.21 24820 01000 00042 - 00088 00130 - - - - - - - 0.0474
D 1984.02.23 21.314 0.1000 0.0048 - 0.0088 0.0137 - - - - - - - 0.0479
E 1985.12.02 19540 0.1000 0.0054 - 0.0088 0.0142 - - - - - - - 0.0481
F 19801230 15463 0.1000 00068 - 00088 00156 - - - - - - - 0.0487
3 A 1978.01.01  27.457 0.1000 - 0.0038 00088 0.0126 10,000 14,129 387,953 328,003 59,950 41,205 18,045 0.0465
B 1978.01.16 27416 0.1000 - 0.0038 0.0088 0.0126 10,000 14,124 387,224 327,446 59,778 41,769 18,009 0.0465
C 1980.08.21 24.820 0.1000 - 0.0041 00088 00129 10,000 13,766 341,683 292,457 49,226 33,638 15589 0.0456
D 1984.02.23 21.314 0.1000 - 0.0045 00088 0.0133 10,000 13,286 283,175 246,501 36,675 24,210 12,464 0.0440
E 19851202 19540 01000 - 00047 00088 00135 10,000 13025 254501 223,648 30,853 20074 10,779 0.0424
F 1989.12.30 15463 0.1000 - 0.0047 00088 0.0135 10,000 12,323 190,556 171,967 18,589 12,107 6,481 0.0340
4 A 1978.01.01 27457 0.1000 - 0.0038 0.0088 0.0126 - - - - - - - 0.0465
B 1978.01.16 27.416  0.1000 - 0.0038 0.0088 0.0126 - - - - - - - 0.0485
C 1980.08.21 24.820 0.1000 - 0.0041 0.0088 0.0128 - - - - - - - 0.0456
D 19840223 21314 01000 - 00045 0.0088 00133 - - - - - - - 0.0440
E 1985.12.02 19540 (.1000 - 0.0047 00088 0.0135 - - - - - - - 0.0424
F 1989.12.30 15463 0.1000 - 0.0047 0.0088 0.0135 - - - - - - - 0.0340
dp : Total cumulative damage rate in fishery production
@dp : Instantaneous decreasing coefficient of fishery production by nuclear power plant
@y - Instantaneous decreasing coefficient of fishery production by nuclear power plant with generator i
¢ : Instantaneous decreasing coefficient of fishery production by natural ecosystem changes
& : Instantaneous decreasing coefficient of gross fishery production
Y» : Annual mean fishery production at present time
Yy : Annual mean fishery production without damages
Ys @ Total expected production
Yz @ Actual production decreased by natural ecosystem changes and damages by nuclear power plants
Yo . Total damage amount of fishery production by natural ecosystem changes and by nuclear power plant
Yr : Annual damage amount of fishery production by natural ecosystem changes
¥p : Annual damage amount of fishery production by nuclear power plant
J : Annual mean damage rate in fishery production
o] AAA A ] A7HAAES 10,000kg/yrol B ZHAE T, AS kAo @ AFR7 BN o RAF WA o]Fo]
el g el Aes Ae i, 712k E<te] Zideld R o deiA R wet ojdARE AAsa oo oA
T A1 387,953kgol A HA 190,556kgeI o™, FAGE  AARANG At dajolUE I?ﬂ B Fe Aol
4% 59,950~ 18,580kg W HoIAT AxtE AL 3 g Foko B Fon, /14 vlEA 3 W o) TE EAJo]
oY 7AEL 18,045~6,481kgl 2, FolA AT 30~ Ao o)X= FATFRAIS %ag 31 S ZA} thAelmo)
35%2] B1&S AT o] BddMe] FEAMLYFR g ez PPy o573 AR AE Foto] TAF
A& 0.0340~0.0465/yrZ AAFETE (Table 1). 3 o] o] AT FA L HEAAHE A% Qi) o] A
L. S BPFES 397F oYY ARENE FFALAYAF
nl B LR EECECRE PR LEE FREERE
OIS ST UFE 2GE Y 8 Boz ol BT 22 0|9 W AEALE F4F AHel oln] 3
shol ol Tlaizl B A TaolYe] HAE HEs 7 B Aol YA 2AL AEI} = A
EE Aoz Aata gt ojd BE oA JFEF e, o8d Ao AN EE YA &
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