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SUMMARY 

I. Title 

Studies on the effect of cooling water discharges from 

power plants on the sessile zoobenthos. 

II. Significance and objectives of the study 

With the rapidly increasing demand of electricity in 

recent years, the total ge:1erating power in Korea will be 

38.3GW in 2,001. Considering that the most of large units 

of fossile fueled and nucl,~ar power plants have been/will 

be located coastal areas to use sea water for the conden-

ser cooling, cooling water discharges from power plants 

3 will reach up to 58Krn /yea:~ or about 45% of the annual 

rain fall when the all power plants will apply once 

through cooling system with 33% of thermal efficiency 

and 7° C of AT. 

As temperature is the nost important factor govern­

ing marine ecosystem, this large volume of cooling water 

discharge will, beneficially or detrimentally, affect 

marine ecosystem to a certain degree. Sessile benthic 

invertebrates, due to inab:_lity to move away from heated 

water, are directly exposed to large temperature changes 
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and receive more affects then other marine organisms. 

For this reason, the sessile zoobenthos are used as indi­

cator organisms of therm:11 pollution. However, little is 

known on the effects of coolingwater discharges from power 

plants on the sessile zoobenthos in the Korean waters. 

The main objectives of the study are to analyse the 

effects ofcoolingwater discharges from power plants on 

sessile organisms and th,~ rate of primary production of 

phytoplantion, and to provide basic ideas to be used in 

aquacultures of marine o:~ganisms using heated water from 

power plants. 

III. Scope of the study 

The study was designt!d to analyse the effects of 

coolingwater dischaiges ~rom power plants on the rate of 

primary production of ma:~ine phytoplantokon and the su­

ccession of sessile zoob4!nthos. 

The majar study idemB were the bimonthly determina­

tion of the primary production of phytoplankton using 

light and dark bottle me~hod at intake and discharge 

area, and monthly invest:lgation of the succession of 

sessile zoobenthos on th4! experimental plates at intake, 

discharge and thermally altered area. 
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IV. Result of the study and suggestion 

Result of the study 

The water temperature at discharge area was 3 to 4°c 

highter than that of thermc.lly altered area and 6 to 7° C 

higher than that of intake area. 

The net primary production rate at intake area showed 

3 3.28 to 29.53 mg C/m /h. The highest adverce effect on 

the net primary production was obserbed on September when 

the maximum water temperature at discharge area reached up 

0 
to 34 C. However, heated "ater accelated net primary pro-

duction on November. The average adverse effects of cooling 

water discharges on net primary production was assumed to 

be 6 to 37% and may equivalant to the production in 3ha of 

coastal water. 

Totally 81 species of benthic invertebrates were found 

on the experimental plates during the study. Intake area 

comprised 58 species, discharge area contained 35 species 

and thermally altered area comprised 53 species. The 

lowest species composition at discharge area seemed to be 

coused by high velocity of discharged water, however, there 

was some confidence that the heated water also affected 

the species composition in 3 certain degree. 
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There were two month deviation between intake and ther­

mally altered area for th,~ tendencies of fluctuation curves 

of species diversity and dominance indices. Considering 

that the difference of water temperature between these two 

point was about 4°C and m,)nthly changes of water temperature 

was about 2°c, it seemed that this phenomenon was caused 

by cooling water discharges from power plant. 

The cooling water disc:iarges from Samcheonpo Power 

Plant seemed to increase the total biomass of zoobenthos 

at thermally altered area. However, in other hand, it al­

tered the species compositions and shifted the dominant 

species. 

Suggestions. 

It is recommended that much care should be taken to 

reduce adverse effects ofcoolingwater discharges from po­

wer plants, especially during summer season. Use of heated 

water in aquaculture can partly reduce tpe damage to the 

marine environment by reducing the heat load on receiving 

waters. It is also recommended that the chemical treat­

ment for the control of fouling organisms should be done 

only for the settling sesons of planktonic larvae of ben­

thic organisms. The settling seasons of the major foulin~ 
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organisms such as bamacls are May to June and early No­

vember. If chemical treatrr.ents are not done, the produc­

tion of aquaculture using heated water will enough to 

compensate the all adverse effects caused by power plant 

operation. 
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ffl-0:J jii!-J~o-J 0 l= iil-:::i::• J JJJ(rJJ.9-J 1q..::: f~J'!Htf4.9.J 62~65%, !kJJ.9-J 1q.. 
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2,001 idoJJ f,sipl}(. ::t.S..~~ J?-~Y-4 {pljS"-~j ~JJ<.t.9cJ 45 %cl] l:l-]i}-7}::: 0J=ol ~ 

~ol2, o]~ 7tJ-_g. 4'-,,\•]£ 1ftJJ&:!ffl:i:oJ ~71-~t:f-'ct 2,0101<loJ]:= q..i!-)y-4.9.J ~ 

ZJS;Jey ~JJ<.il:4 '5,!-t!j::: ~t:ll ~ il:.9-J r%iP7}(.7} &'.,~fsj-;>J] ~ ~ oJ 4. 

?Ealf::: ~AH7/}Al 0.,r~~ .ffljjl~lzsl % 7}~}- %-8..~ ~ 0 ] 9 (Gunter 1957) ,t44 
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Fig. 1. Projected generat:~ng power and amount of cooling 
water demand in Korean by 2001. 
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ttl-4 ~1tii}~Ell(Nakatani 1969, IAEA 1974) jl,1tM,~IU~JW.rl'.oJl l1Jr-& oJi>J=~ 

0 1*12 ~t:-l-C*l). ffl.rl'.oJl 21~:r ft~l¥.J tt'll21 ~1t~ _1,!_oJ 7}(~':t!tmoJl all£ 

¾ 1:!J 01 .g_~ - oJ-yy o}21 °J=-& <-r.g_ 1 t ~ 7}oJ] ttl-4 8 %1 ~ 7} ( pH 7, 20 t ) 

ii}uj ( Trusel I 1972), 1l ,a-cg 21 tjJ "} ~ 6 ~ 9 % ~ 7}<TI-9- ( Stratton & Mccarty 
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1967). ~<TI- tl11mo11,{• 11ij½~ ifi!j~JJvt 'tl 0J 0 1-..+ "5"FrAl~~ AJl~!~A1~~£. 

1!l-½5l"a 2r~.9l lli*.2l- 1!-~~.!ilAI *"5"·2 ~/ff*ff;~ 0J~.5']7ll ~q(Krenkel 

& Parker 1969, Dickson 1975). 0 1 7c!~ J:/ff~ ll'UJl;*.2J- ~/ff.91 EJ~J.I( -•+oloJI 

*ll~/ff, -~~11°1 '6j,tj5l;,JJ !.lei litltlroJl 1t£-¥-4r-~AJ-~ 0J~'1]7ll ~9-. ~ 

<TI- *i?:- 4-~i?:- 4-¾4 ~ ~ ~ %~ t:ll ,+ ~ ~~Al~ cu 11-~. ~ 11-'il ~ ~ ~ 

~ ~ %-711 5l°i 41-cg 0J~~ ~~J"5"}71J 5'J_:i:;_ Jl(tliiJ:#oJl uf-c 1l:-£%"6)J.x.. 7tl-~. 0 1 

~ 1 . J.l(?f! IHtoJJ uf- c %.9-1 4'}g~ • ftlf!I~ ~tt IHI: C IAEA 1974) 

Table 1. Variations of water propertieB as a function of temperature 
( IAEA 1974) 

tempera- evapora- viscosity density surface oxygen oxygen 
ture tive tension solubi Ii ty diffusivi-

pressure ty 
(t) (mb) (Cp) (g/m t) (dYo/Cllf) (mg/ t) (cm1/sec) 

0 6 .12 1.879 0.99984 75.6 14.6 

5 8.75 1. 519 0.99997 74.9 12.8 

10 12.32 1.307 0.99970 74.2 11.3 15.7 

15 17. 10 1 .139 0.99Sl0 73.5 10.2 18.3 

20 23.45 1.002 0. 99820 72.8 9.2 20.9 

25 31. 77 0.890 0.99704 72.0 8.4 23.7 

30 92.56 0.798 0.99E65 71.2 7.6 27.4 

35 56.41 0.719 0.99406 7 .1 

40 74.00 0.653 0.99:::24 69.6 6.6 
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*P~d'iJE :i ;,;]-~] oJ] ~ ~ 1;•0 12 ½};(~ ~E- ffiilFJt M~ffi~oJl-'-1 ~ ~W0 l cl-. 

~*P*~oJ] ~ ~ 1;9 ~ ~-.-ci 7-H] i5] 1-J 0J i5}t:ct, B] 2~ ~ tb~~ 7J S(-- J&J)( 

aoJ]-'-1~ uu]-~ vUfoJl ~i;]-0:j ~4--=r~.3.<HoJ] ¾%<5"}-0:j .iIJc"5B ~ 0J7Jl:£Jo:i, ~2. 

fi.ffi ~ .g. ~*PJt.2t ~ 0 1 ~*P**-lf oJl ~-o, 7}-711 :£Jo, ¥gJ11¥J<tl ~94 ffi!f~ftoJl 

tt\- ~ ~Ji1¥JoJ 3lj c5Jl ~ oJ ~ 7J ~.£. ~Ht .,=- <).,l cl-. 

ffitlFJt Mlfx~~oJl -"i ~ 1;9 2. 7.1<.~ .l:::"1t-oJl t4 ~ i1!~1¥J<tl ~914 Jtffi~ftoJl 

tt\- ~ 7...}-¾ ~JI • {t~l¥J !Ji#,-ji~{t.£. ~- ~ 2 ~l-~ <tl i;l.l ~ ~ 4" '1)_ cl-. 

0 1 "• ~ ::.1 ~ ¾~~ ttJ1 tiJ~-1~ ~*P *im f.jittJ ~ ffiilFJt~ t1J-½0 l Jtll:1:.~oJ] 

u] *l ~ ~-.g. 0B .q.. 3.tj-2 ~ 9- ~ cl·. tt\-4-"-l ~ _s_Al-~ § l¥J 2. lTH!r77l-Al ~ T 

:£.Jo,.g- 7-f¾ ~-~ cl-7-r~~.£. *~ ;g~-a-l-2, 8,Hl~ !%:liP**-1f0l ~~':l::fin4 

li51:frtt ffi:~Jb~oJl 111*1~ ~-~ '.JE•ftcS"l-0:f :i ~-~ ¾ 0J4- ~~ :1.i~~ 7J--=j2-

<5"}-~c;J ~~fi:ft.£. ,,_l-¾~4 o}-%c1 I!~~ o]¾~ ~:k{tcS"}-71 -$1~ fi:ft.£. "r¾ 

7Jl -a-l-~ c;J ~ 4. 
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J::.1+:;,;J 04 .9.J ~AJ ~ = T rm x1.J ~ ~ m .q ~n ~ 0 1 % "5"}~ 52-n4 * m :: v1 ot 

ri}.9.J 9-.g_.g.5:..~J ~ -"l-%"5"1-aJ 1TX7.K r::1. u* r::1 ~ mt:11:7.K •mc~~cJl AJ*l<TI- t1t 

~;:f:.7~ 0J=AJ ttJ!~.9.j 3*(.::L~ 2 )cjJ,J,7 °B 0J 7J\ij5Ei;)-~52_9, =T?m j(1.J~1\t 

m.9.J ~:tt~ ~~£. t;J-~t:l-. 

~fil'!~gf1.J ~ ?-&i-"J-:;,;J :;,;J 4 %0J <TI- {;-±cJI Ai 7-:l ~ £ 1l A)-'9 ~ t:l-.?J!U5E:1U!:: 

ittiat ~,(t~52-£. ~_lj~~4 11.!J"lJ ~~ ~ 7-f7-t 3 7~-'?5] 1 ~ "f;l,cil ~ 2 9t 7t[ 

oj 57]-:;,;J.9.j ft~~~ AJ~t>}-aj StricklandandParson(l972)cJJ i'\1s"5"}aj 1lA) 

-"}%~ !tt*~ ::_ 300 mt .1j ~ .9.j %2-J ~~dbo] 9 .::r. ?§:ffl ~ 1/100 m t 7Jj-AJ ifltl 

5E<TI- +, 0 B 9] ~ <TI- Jfi~4 ~%?£ All~ t>}-aj -"l-%"5"}-9;! t:l-. ~±~ ¾ ~"Jl ~ .g, 

7J ~ BJ'@£. £± ~} + tj-A] ~n] 1r foi 1 £. ½2• 'il-o} ~ g ~]-ttl-t>}~ 9-. ~7,1( ~ 

7-J-7-j- .9.j ~ 11: 11:H 11icJI Ai ~}if* ~ j~ "r <TI- + 50 µ ffl § .9.j ~l £. 7J 2• Ai %¾ ~ "cl-3. 

-e4 xM #illf ~11{ ~ ~] 71 <TI- + ~ _;v~J-t;}aj ¾-E ~*:Ao] fMllf!Jltt~~ % 

Aj t;]-71) <TI- + 1}±~ cJ) 'B"oJ- 7-J-7-j-.9.j ~*]cl) 0J ½+ 1 Aj :d-cJI ,,{i-¥-51 8 ,1,J tt%0J­

:lg}it,]-~ 9-. :igJi+ ~ ~JcJ] _1,7 %~~± ~ ®15Ei{} +, ~ Al 3:.-"l-~ ~J- -¥-tcJI ~ 

*lffl- 1t~1l£ fn~ Winkler -¼] 1tlcJ] .9.jt>}aj ~;€ff}+ ~*.i:.9.J ~ft~ ** 
:i:52-£ :~H}"5"l-°1 £1il'!1:.ii:1.J ~ ?Jltl5E"5"}-~ t:l-. 

-25--



r-., 
a, 

I 

D' 

~ ·1;~f illlr~;- ~ 
Thermally altered area ,• I "t___JI~ IuL~ D , 

0 

.:z. ,:J 2 . ~ 1ftt!!. t~ 2-J .2.. ~ .'i. • ::: f- irn '.k jJ ~ ii Pfr , II ffi ~ :f1ix lIB T = rm . 
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+-- Direction of cooling water 

,._Experimental site 



Table 2 • Experimental methods for the primary product ion study at 
Samcheonpo Power Plant 

Code Water Incuvation Incuvation Remark 
Sample place depth 

I I Intake Intake Im be:.ow P.P.at intake water 
MSC 

ID Intake Discharge Im effect of temperature rise 

ID I Intake Intake Im below effect of machanical damage 
( stockl5 MSC 

minute 
atdisch-
arge) 

DD Discharge Discharge lm P.P.at discharge water 

DI Discharge Intake Im be:.ow effect of cooling water 
MSC system 

* MSC : Mean Sea Leve I 

P. P;: Primary product ion 

7-K'ffl'.~lt:lt~.i!t %0J ~ ~ ~1 ol] ~~£:.M .£. ~l ~~ 30 x 30 cm3_7] .Qj :iEJn~ 

lltt ~It&~ 1&7-K r:J oJI Al ~ 2is::Leyw mir 1 m oJl, tll:7-K r:J ~ ffltll:7-Klilf M:oJl Al ~ 4-1 1 m 

~ ~ xoJl 7-}7-} 30 1B 1 4- °6}°6} e:J 0 B -%l_ 2 1B 1 ~ij 41 °6} e:J Ht .mm/J ¥1.J ff~.QJ ~ 

~ ~ ~"-}"6}9j_ ti. i'J¥!.Jff ~.QJ 5Hn'oJI ,'-}-~-~ Al 4- ~ &I t'1 It (Simpson 1949) , % 

q- 0J:AJA14-(Shannon and Weaver 1963)~ flffi{l:J.lf (Jaccard, 1908)o]'l:J.ct. 

~l ~~ flffifi;J.J.fC:::. Average I inkage method oJI .QJ-8-l-<=9 Cluster diagram~ :i 

5;1_ ti. colony ~ ~ AJ °6} ~ fj: ~ ::_ colony .Qj 4-~ tllilt.£. lf..A] "6}9j_~~ tcJ-1B Bl 
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~,,_tt:ll-"J-;;a;J'1~ :::=frm xn~«m:: .e li!ildr=oooil ±;1B 15t2 ~:: §J-r4~ 

1±£A1 ~ AB 50 ~ KW ~te-i ~~~ ,: ~7t 7Fg-~oJ] ~~9 1l -"J- 7}%Al iKHJl:7-K 

oJJ ~ 15"tC9 ~ e-1 ~:: rfl~:i:-f:. £:.ta- ~ 77,000 Kcal o] 9 o] ~ ~ 15"tC9 40 nf/ £:.~ 

~;/;pl}(~ ,1,}%-1S"t2 ~~9 i'KH#l:7-KS!J 6T:: 7t ~.2Jo]q. 

~~pl}(:: zt'd :;:j 0J "6" ~ oJ] ~ 15tC9 lfVIOlf!l!i7JtzJ .5:..1r1S"}9 eel 7] "1 3fl E-£ ~·5l:~ 

~7Jt;;a;] ¾llJ-~o,z]9 ~5z:~~ ¾~ AlZl-2. ~10* ~.2Jo]q. fnli;Jl:7-K:: ~ 300m 

1£~ rfflt&:it -~~£ llJ-½~9 fnltjfl}(~ ii~ 2. 2 m/£:.o]q. 

ttj-c},t7 ~ 4-~ %cl -;ti: re7-K.2J- ~<U-15"t7] 7/tz] 7J e-1:: Al 7J--f:. 20 * 0 ] ~ ~ W-f:. 

Al 7J-o] q . .g..l!B 4- ~1t7i e-1:: (6 1 t~) ?a~ til=l}(~~~ 15}1tl~£-¥-"61 1.5 ~ 2 lait 

~ ~ -'fl C ~ ~ 1985 ) o l i;t. 

2. 7-K fol 

J& 7-K P :· J& 7-K r::i ~ JJ ~11 Zp: :tey 7-K fnl-f:. 5 ~ ~ 16. 5 t oJl 1.1 1Pl J:: :r'I-15}C9 9 ~ oJl :: 

22.8t7JtAl -"J-~~ {- z,Pt r~15"tol ll~oJl:: 15.7t7Jt;;a;] 15}7J-15t':l;lq. (.::z.~ 

3). ~~, ~2 4-.g..~ ?a~ 5~o] 12.4 t£ 7tzJ- ';,!-9.k2 9-%lo] 26.8 t£~ 

7}"J- 1't9,tq. 

j;Jj:l}(P :tjf:l}(P~ Jj~IJZp::!eyl}(fnl2_ 5-%lol] 24.0to]9J.2 8~oJl 31.0t11};;,;] -"J-~ 
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0 : Air . : Thennally altered arna 

.6 : Discharge area 
40 -- •= Intake area u 

0 --

10 

'85 Jan. Feb. Mar. Apr. May June July Sept. oct. Nov. 

Month 

.:z.~ 3. :::=fOO :kJJ~1i?ff J&:-1( o, tJl::-1( • ~ t1bit11::.1( titlixhl'ft~~ iµ:jt;J:-1(?1 ~. 

lJ..ffl.Q] 13 5}1j~ft (1985.5.1 ~ 1935.11). 

Fig. 3. Monthly variations of av1~rage water temperature at 
intake, discharge, thermally altered area and air 
of Samcheonpo Power Plant (1985. 1-1985. 11). 

~ ~ 1:1 *} T~"ff}ex:j 11 ~ oJl 22.0 t ~ 7) ~"5}~ ~~•l .:11 ~l.£. ~ 4--r-~4 :i.j it 

6.4 t ~~4- Jflt:-1( • .2)- tJl::-1( •~ J](miif:~~ ~mi~ ~ftoJl ct\-4 1 tYl9J9J ~ 

4. 

mi!Jl:7-1( tfdl,:~~: ffl.!'Jl:7-!(lUf~~~ J15JIJZf:Jey7-!(ffi.~ 5 ~ ol] 20 't 0ll ,(.1 1:J *} AJ-~"5} 

ex:j 8~4 9~ol] 27.St~ 7]~~ ~ e-J·A] 1l*\- T~"ff\-ex:j 11~ 0 1]~ 18.Bt 77\-
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Al ~~"5"}9;l.ct. mNl=JJ<. ifir&ulf~.9.J JJ<.tn2. .1ric-tr:1_1l.ct:: 3~4t 1.s:. *~-9._9 

:i. BJr:ll £- fJl:JJ<. Q _1,!__ q:: 3 ~ 4 't ';.!-~let. 

O) 2~ ~ -1~] A] AJ .9.j JJ<.tfill. ~ 7] .g. ~ ~-S!l· ti] _ii?_ t.}o:j _1l_ 0j J&;,1-( Q .9.j J1<_ fl 2_ ~ml_ 4 

t1] ~'?°l:- ~~ ~ 1+E-J-Y1 ncl tJl=JJ<. r:1 '%1 1.lf!Hl:JJ<.~~.QJ JJ<.ml. 2- ~ti 0 l * 2- .1-.J 7] oJl .l&JJ<. 

• JJ<.i'.14~ ~7} 7}7J- .3..2 ~ml_o] 1:,;t 2_ .1-.] 7] oJ] :i. * ( ,6 T ) o] 73}~q. o] 2~ 

1 . I& • ttl= JJ<. r:1 ~ £ ~ 1=. iUJ 

.l&JJ<. • 9./ ~~1:_ifjJ 2_ lR*ii:-9._£- 3tr.J...}6}0:f 1:tl:f.~jJo] 7.50~ 36.09 erg C/nt 

/h ,*1111=.ifjJo] 3.28~29.53llls C/nf/h~-$-jo]';;l_q. 

~.uj_ tJl=JJ<.rJ.9./ £~4_~jJ2_ t:J1-;il]£. .l&JJ<.rJ~q ~i~,17 1:t1:_~jJo] 5.16~21. 

56 llls C/ nt/ h ~ -$-1£. y-E-]-~q( .H.. 3 ) . 

fiti1=.ri:it~ 14'- .l&J]<. • ojJ,1-j~ 9}3°] 29.53mg C/nVh £. 7}~ -ft~~i:1] 7J 

.g. .1-.]7]ol] tJl=J]<. • oJ],17~ -2.35mg C/nt1/h .Qj ~.9.j ~~ y-E-}yj';;J_q. o]:= ~JJ<. 

t;}O:f -7\:;*li!:~ Ai8"H~ BJ 0j Off!&~ ~~6}~7] u:Jl-r-9._£- AJz}~q. l'Jl=J]<.o.9.j *1111=. 

ii: jJ 2_ Jfli'.JJ<. D oJ] B] "B"}o:j 47 %1.5:_ ';,!- -& 4--ro] A)~ , o] ~ o] BJ~~ fnj_tJl=JJ<. ol] .Qj 
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Table 3. J\rnount of prmary production at intake and discharge area of Sa.m­
cheonpo Power Plant ( 1985.7-~ 1986.1) 

unit : mg C/r1Vh 

~ 1985 1986 
month 

area product toil\ July Sept. Nov. Jan. 

Gross 16.88 36.09 15.47 7.50 
Intake 

Net 12.66 29.53 7.97 3.28 
( I I ) 

Resp. 4.22 6.56 7.50 4.22 

Gross 15.47 9.84 21. 56 5. 16 
Drscharge 

?\et 9.38 - 2.35 10. 78 1.88 
(DD) 

Resp. 6.09 12.19 10. 78 3.28 

~:-Ij 7)(IK!0 l ';!-~ 11~<>1]:: :J;)~#o~ Mi1=.m1J0 l !&J)(o.!Lq 1t9l::r:•J , 0 J:: 7)( 

IK! cl] t4 4 .{7 :::: /!4,#*~clJ ~ "8"}o:j 11 :::: ;;;-Joli JL 'li _y_ q:: .g. .5:_,'J ~ ell ~ "8"}o:j 0J :: 

IJSflJ&:I:~ ]&7)(oo1J.{-l:: 32~58mg 0/r,f/h ~ tJ3$jo]5i2 j:J~#ocl].{-l:::: 25~ 

94 mg 0/nt/h ~ ~$!~ !&J)(r:J.!Lq *'ll-~n:1, J)(fnrt~ ~{r.9} H].ii!..:i:i ~ 0,p]"8"} 

2 . ~<ltM M~l:#7} ~!Mi~~JJ<>il oJ -;;J:::: ~" 

~1[ PIT ffl~l:7)(7} -;£~~ ~1J<>1] 0 1 jJ :: ~ 11 ~ /!4,:t:P*~ ¾.tj.,;,] <>1] 0J :: ¥JJW89 • 

~~89 °a '6j~ .g.:s:_,•-J~<>1] ~ ~ °a '6J=ol 11 c~ ( ~4:l,f 1980 ) . 

o] 21 ~ ~- ~ ~~~ ~jJo] ~ % ~ 2J 3.~~ ;;;}~] ~ ;.J ~ ~ 0J ,,_JEil 9t .2J -¥-~7J ~ 
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1:_~jJ '!£. ~ tjl:7)(. f:J~ ifj7j( ~ J&Jj( PoJ] "'1 llB 0J=A]7J 1-9--~ 1:_~jJ ~ ll]~i"}O:j {l­

cJj ~ ~_'?.. 0J-oJ-¾M 4-~ ~q. ~ l&JKP~ ifjl)(.~ tjl:JJ(.J:JolJ"'1 llB 0J=~ 1-9--~ II, 

f:J~ ifjl)(.~ tjl:7)(.PoJ] 1 7--r~l¾ ¾:4-~J~ cu-% ctJ-;~]ctr 4- 9-Al l&#P 0 l] ,&7-j llB 

0J=~ 1-9--~ IDI, tjl:7)(.P~ ifjl)(.~ Jl:JJ(.PoJ]"'1 llB 0J=~ 1-9--~ DD4 <5}2 tjl,7)(.P 

~ ifjl)(. ~ J&Jj( PoJ] ,&7-j Al llB 0J=~ 1-9-- ~ DI 4 <5j-1;1 q g ~ -'il-~l ~ 7}1 ~ 4-

II - ID = Al 4;=- ~ _g-.5:..,;.J-~ ol t\: 
() 0 

I I - DI = ~ zt~l¾ ~ti: 
0 O 

II - IOI = 17-}~l¾ = _g_.s:_,:J-~ °a tJ= 0 

ID - DD = ~7--r~l¾ = 7] ~l ·~~ °a iiJ= 0 

Atlantic Generating Station oJ]Ai:5:.. 7J-€:- 1~0] ~"'-l-Sl<.d4. (PSEG 1976). 

J&Jj( p ~ ifjl}( ~ tjl:7)(. pol] ,&7-j Al llB oJ=~ ,?;! :;:q- J&Jj( p oJ] Ai .:z.cJj ..'?.. llB oJ=~ ,?;! :;:q­

~ ~l-0 ] ~ __1i!_Cff 7 Ji :4 11 J3 ol} ~ 1=. l1J ~ ~~,,_H,] ~ ~- ~ 0 ] *] o:j 9 Ji :4 1 
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Table 4 • .Amount of primary production of each reference analysis at intake and 
discharge area of Sanx:heonpo Fbwer Plant (1985. 7 - 1986. I) 

unit :mg C/m!'/h 

year 1985 1986 
· month 

Ref. code production\ July Sept. Nov. Jan. 

Gross 23.91 20.63 25.78 5.16 

ID Net 18. 75 10.78 I 
18.28 2.34 

Resp. 5.16 9.85 7.50 2.82 

Gross 7.03 5.63 12.66 6.09 

DI Net 3.28 - 1.41 3.28 2.34 

Resp. 3.75 7.04 9.38 3.75 

Gross 14.53 i 16.41 20.16 3.28 

IDI Net 10.31 8.44 - 0.94 0 

Resp. 4.22 7,97 21.10 3.28 

J3 o1] ~ 1=.!11J ~ A7 -&"t,,,_l "1] ~ ~- ~ o] *l ~ 7;!~§.. y-E}';j;tj- ( Ji 5 ) • o] cH} ~ 

AJ:: ~-i-~ t}~Jj([ii'[~~ 1=.~1J4.5:. .:g..,•H} ~.tj-o]q. 

~nj I I - DI = ( I I - ID I ) + ( : D - DD ) ~ ¾~ 0 l -~HHt 'T ~ ~ 

2 'V_~uj , DI .9.} IOI ~ 7a ~ o] ¾ ~£.. ~?:-£At-=[-~ t1J- 2, ~ ~ ~q!--&"toJ ~ 7] ~ 

7t{l ~ <>i .;=. {l .5:. _,._J uJ AJ o] 'll tj-2 {- 'T 'V. tj-. 

0 ] c• ~ ~ 4 ~ ¾1Y"-&"tex:j ½ ttJ1 ~ 7-}71] ¾·)] Mi1=.!11Jo1] 0 ] *] ~ i;V, 2, ~~l¥JoJ 

~flo] 46 % , ~m'.J:4o1] ~ ~ ~f!!o] 54 %0] uj , j'.fili/JtJ:4o1] ~ ~ ~-~ ~Jj( 
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.li. 5 . =:=ftifl k1J~1[~ ~!p~o] ~% ~ t,J-3. ~ 0 ~ ~~1=.Jl:1Jo1l 0 1 *1 ~ ~­
( 1985.7-1986.1) 

Table 5. Effects of cooling water system on the prirrary production at Sam­

cheonpo Power Plant ( 1985. 7 - 1986.1 ) 

unit : mg C/nC/h 

code Year 1985 1986 
mont:1 

(Effect) production\ July Sept. Nov. Jan 

ID- I I Gross 7.03 15.46 10. 31 - 2. 34 

(Cont i nuous 
thermal) Net 6.09 - 18.75 10. 3 1 - 0. 94 

I I -DI Gross 9.85 30.46 2.81 1. 41 

(Entrainment) Net 9.38 30.94 4.69 0.94 

II-IOI Gross 2.35 19.48 - 4. 69 4.22 

(Thermal) Net 2.35 21.09 8.91 3.28 

ID-DD Gross 8.44 10.79 4.22 0 

(Physical) Net 9.37 13. 13 7.50 0.46 

i'!l.Moll 3.2 , :i -2191 Al 7l 0 ll ~ lli\iJi'.J:Jf-oll 91 'q}:- ~-0 1 ~@1=.il:1J ~ ~~ Al 7'1 ~ 

7,i .tj- ~ 3:. ell 15)-°'4 t!!H~ (fl '1} ~ VJ ~ o-J =.. ~ 5:. ~~Al 7i f-2 ',il q 2 _!l °l ~ 9- . 

EE~ ~~l~~§.. ¼ n:Jl Mi1=.il:no1l 0 1*1~ ~-~ 6.2~36.8%91 ~.!?lo1l -1;=-tl 

~ -t-'tl-t}q.i?.. 15)-~q. 0JtiJ-~~§__ * Al 5Htfjj~ 0 1 %- 0 1~ :J'tif@t e~:i:~ .¥; 

~1=.~JJ91 cct.:,Z-ol] "\"io] ,,i,J-%-15)-2 '.U~t-l- ~1Jtp}i' i'!lt/~Jj(~ 1-9-- ~7-fJil¾ ¾4 Al 

z!-o] 10 * ojoJ-oJ 7} ~ 7J-ql-~ n:Jl, ojii~oj] ~~ ~-~ "J\:;{fijlt ts*:fi~§__ "'t!-~ 

15)-71 ~ oJ ~ ¾ ~ 15)-tj-_ 1£ 11 ° l c~ 1} ~!M'HEt:: ~ ~ ~~1=. !Ji};;~*½ -$1 ~} cg ~-9- 0J 
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9.1 l'UiHl i:tAo1l 9-J~} ~ ~.5:.. .¥..~-8"t2 'il i::l-. Fox and Mayer(1972):::: '5 iij o1] 9-J 

~} :;g-~AJ ~±~ 26 %, -~i:tA.i!f- '5~o1] 9-j~} ~±~ 66 %£. ljl_j]._-8"t'J1~9, 

wi lliam Cl 972) -& ffiJJl=JJ(9.J 139o1l ttl-4 ~ 1=t ilti it ~ ~ 7t -8"t Al 0J ~ 1=t ~ -1: 

.g_ 1~t 7J±~t:f2 -8"tS1::::r:1], ~ ±"+~:i!J- !:/=-~~!- ~to]:::: \'.d~A] 0J ~!£lg1J 

o] 1:lJ:::: ~90] ~1=tlg:1JJ:;l_q:::: 1:l].ii!..~ i:-7;!~£. i+tol-1;;1:::::uJJ o]~ _g..5:..~ 

7toJl ttl-~ PfrJ&:i:9.J ~7J-olJ 9-J~ ~~£ -'{ria~t:t- -'-iHl~i~.£. .g.uijy:7iJ¾9.J 7t% 

o11 9-J~ J.t;9~ 1~-8"1 4=-~"6"t7J:::: <>-Jitj-9-Lf ~¾~rJ-a.~9.J rs1t!N-mam'.o11 AJ-c-8"l-7l 

:::: JJliH:::: 1;:1~ ~± 1.05/Col],1,7 ~tjJ 6.12/C~.£. 4=-AJ£j9 -9--cJ 14-i:4 '5ql-9.J 

~~!tfiJJ ~ 7frW:i!lJ~9.J 0J_ BJ-~ !£gfjJ 0J 200gC/rrf/y .£. 7tAJ ~}qnj_ 0.5 ~ 3 ha 

9-J $ ITfioJJ 5Jl t:J--8"t:::: -i: 0 J t:f. 

7t . .1&7.K f:] 

fflW!l& ~r ~ 1 7ij ~ 0 1 Al 1d- 6 ~ oJl:::: ~Wtt 0 ] 9 Bl'<if ~ ~ ~-8"l-:::: 7)! 

Al ~Jo] ¾CU Dexiospira sp.7l- 616 1ij ~], Ef1~ffi«l Chthamalus challenger£ 7t 

5971ij~]. 7tf-& ¾¾0J Ba.lanus trigonus7t 2451ij~~]7t ½'fl"6"tS12, ~Jfttif 

~ ~AJ<5l-:::: Jl//il,WffioJ jasafalcata7t 551)7iji~] ½<fl-8"tS14OI.6). Colony~~ 

AJ<5l-:::: ¾¾.£.:::: a~fJJ~«l Dakaria subwoidea7l- 285 colony, Lichenopora 

imperial is (? )7t 125 colony ½q:J_ "6"tS1-~9 ~ 1ij ¾ 0J Didomnum sp . .5:.. 30 co-
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* 6. ==f~ 1<. 11~1tm :i&A<- J:] oi1 11 *l 1r -1-~18-£1 ~ffiii.1¥1.J t±rni tt;f!! 0985.6 - 1985.12) 

Table 6. Distribution of zoobenthos on the experimental plates at intake 
area of Samcheonpo Power Plant(1985. 7-1985.12) 

Unit: inds, (%Coverage)/ 400 er 

~ s 6 7 8 9 10 11 12 

Crustacea 

Chthama/us cha/ lengeri 597 !142 70 9 12 7:i4 249 
(0. 75) (0. 26) (0.39) (0.3) (0.3) (0.46) (0. 16) 

Ba/anus trigonus 245 108 141 282 161 138 71 
(0.92) (0, 62) (2.80) (33.33) (16. I) (20.90) (15.5) 

Ba/anus amplu: trite 28 4 3 
(0.3) (0.47) (0.3) 

jasa falcata 556 1, us 668 769 215 6 92 

Corophiwn acherusicwn I ,i)0 910 1 l 

Eri ctonius brasi liensis 57 24 18 27 

Paradexamine barnardi 12 :71 43 14 l 3 77 

Stenothoe valida 2 43 85 16 62 3 

Podocerus inconspicuus .56 115 9 3 3 

Gammaridae 3 22 

Caprella californica 23 467 484 37 89 2 34 

Caprella acanthogaster 64 :'68 1,007 14 

Caprella equi libra 48 l/120 981 78 85 l 11 

Janiropsis longiantennata l 7 43 1 1 

Paranthura ja/xmica 16 26 3 3 

Pugettia guadridens l 

Hemigr apsus sinensis 2 1 

Copepoda 21 

Ostracoda 4 2 

Sphaerozius ni tidus 1 
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~ 6 • ~l 4i=-. 

Table 6. Continued. 

~ s 6 7 8 9 10 11 12 

Polychaeta 

Dexiospira sp. 616 248 129 71 93 313 8 
(1.54) (1.24) (1.29) (0.89) (0.93) (3.13) (0.27) 

Hydroides ezoensis 32 193 78 75 139 260 148 
(0.01) (6.78) (2.35) (1.40) (6.9) (13.3) (7.1) 

Eumida sanguinea 2 2 4 2 2 

Eumida sp. 1 

Eulalia bi lineata 2 1 2 

Anai ti des koreana 1 1 

Harmathoe imbricata 3 3 1 

Syl lidae 1 

Typosyllis sp. 5 1 4 16 1 8 

Nereis multignatha 2 2 5 2 4 

Nereis sp. 2 

Cirratul idae 1 

Amphinomidae 1 

Polyphthalmus sp. 1 

Polydora sp. 3 

Bivalves 

Saxost ria echinata 
255 34 46 14 29 6 

(3.18:; (0.85) (2.88) (0.3) (0.53) (1.6) 

Musculista senhousia 1 1 

Myti /us edulis 
1 

(0.19) 

Gastropoda 
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& 6. 71) 4r. 
fable 6. Continued. 

-
Month 11 12 6 'j' 8 9 10 Species -

Proterato cal losa I 

Sakuraeolis enosimensis l 

1 Capalus di latatus (0.88) 

Patel loida. saccharina 1 

Acmaea pa/Iida 1 

)thers 

285 U2 148 53 44 33 35 Dakaria subovoidea (6.88), (21.0) (50.85) (8.25) (7.5) (12. 7) (15.85) 
125 28 33 5 10 7(10.3) 1 Lichmopora imj£rialis(?) (2.07) (2. 73) 

I 
(2.80) (0. 75) (0.3) (1.45) 

13 ~:93 72 20 11 23 Jodictyum sp. (0.20) (3.94) I (1.15) (0.6) (4,5) (7.4) 

2 5 117 I Hippopatraliella magna 1 
(0.09) (0.3) (10.3) 

Tanystylum Sp. 1 

I chnochi ton comptus I 1 

Acanthozoater gemnata 2 

AmPhiporus sp. 1 1 2 1 

Prosthiostomum sp. 5 1 1 

Sty loch us i ji mai 14 6 1 26 l 

Ophiothrix koreana 1 

Doromet ra sp. 1 1 1 

Anthopleura sp. I 1 3 

44 12 40 1 21 
(0.l) Dynamena sp. 

(1.31) (2.2) (0. 75) (2.5) 

:JJ I 1 1 I 1 I 
Didomnum sp. c2.23) I co.56) (2) (2.67) (1.8) (8.25) (4.8) 
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lony ½~ iHJ c:-L :i 9-j o-J] ti//;lWVMCU Capre, la californica, C. acanthogaster, 

c. eguil ibra ~ 7
~ Al 10a 0 ] ¾CU Hydroides ezoensis -:; ¾ 19 ;fii0 ] ½~ "6j-9j, c:-L 

7H ~] 4-o-J] Al 1tttll Ch. cha/ l engeri 9-j- Dexiospira sp.7j- ~ m'.£ * ttll :::: D. su-

bovoidea (6.88 %)7j- 7--}7-.} f,fc!io] ~ c:-J-. 

7 -1'l o-J] :::: Ch. chat l engeri 7j- 942 7H ~~] _s:_ ~ 7j-"6j-9;J, _<:_ 1+ J. fat cata 7j- 1,415 

1ijiJ]£ ~7j-"6j-o:j --?--AJ ~ o]+~_<:_9 '-H£.0 ] =~JH&CU Saxostrea echi'nata7J- 2 

551H~l fflW"6!-97.~9. t.-j1J.<?j -\:l:-~ ~~ii~:: ~IJl4JMCU Corojiiium acherusicum 

-:;o] Aij..£.o] ½~"6j-o:j ¾ fi~:::: 28f!}"(_?._£ ~7j-"6j-9j,c:-J-. 

~c!i_?._£:::: C. eguilibra (1.920 1ij~~l ,\ ]. falcala (1,4151ijjj]) ~ Ch. ch­

allengeri (9421H~])-:; Ef3fii'.M7J- i:Jl-¥-~0 !~_<:_9,~m'.:::: D. subovoidea (21.0 

%) , H. ezoensis (6. 78 % ) .<?] 'ro] ~ 4. 

8-1'lo-Jl:::: ~1((7!- 31~~£ ~7j-"6j-9;l_<:_uj 1fHfl@t<>l].£ r-&~ ~9f-7!- 'V,~c:-J-. 6-1'l 

~ 7-1'l<>ll rJ-o] ½~<li Ch. challengeri 7- 701ijiJ]£ 7t}:::t.."6j-9f~9 i:Jl-¥-*.<?l fffi 

~ o] 3.7] :::: ~ 7J-°<li ~';j_ 7ij ~] 4-<>l] "'1 :::: f-i=~~ 7t}:::t_ ~ "6j-9;J, c:-J-. ~ 7] ~ 0Jcli AJ ~ t.-j 

1J ~-'H:- ~ ~ ;(a "6!-:::: 1ct"7l-ff-CU Erictonius brasiliensis .2./- Wtt#k.<?J colony ~ ~ 

~"6!-:::: c5]E.4¾0J Dynamena sp. Ef:l~¾iCU B. amj)hitrite 7j- AH£ 0 ] ½?fi°<li ::,! 

~ ~m'.o-Jl 'V.<>l"'1 D. subovoidea7!- 50.8:'i %~ ~l-A]"6j-o:j 7-j.<?j :i:fflW/t&~ 11_2 

iv. :::: 7,,i o l ~ 4. 

9 -1'l o-J] :::: 8 ~ ~ 1:l] ~ 'li fffii!JiX:~£ 33 ~i 0 ] ½~ c5j-9f c:-J-. Ch. cha/ t engeri :::: 9 

7H ~] £ 7t}:::t_c5j-9J_~9 B. amj)hitrite :::: 4 7ij ~], Co. acherusicum~ 11ij ~i Ca­

prella sw.:::: 4-1J7H~l£ 7tl-±<li 7;! 0 ] ;-~ 0 1~2. WJJ3o-Jl ~tjj.<?J ~m'.~ 1+El-Yl 

~r:j D. subovoidea:::: nl*.£7!- 8.25%.£ 7t}±c5j-~c:-J-. B. trigonus7!- JWJ3o-Jl 

1:l] "6j-o:j 2 llij 7j- 2J: ~ 7j-c5j-':];l:::: i;J] o]:::: oj fljoJ ~] 4;=-~ ~£ ~J 7j-~ 7;! o] oj-t.-j 4 z}-7--} 

.<?J m w n:& o-Jl m w <li 1H jjJ 4-.<?J ~ ~ o-Jl 71 ~1 -e1 7;! ~£ -'fr 1ct" ~ c:-J-. 1H jjJ 4-o-Jl iv. o-J A1 :::: 

]. falcata7!- 7691H~~]£ ~c!io]~~1+ ~m'.:::: B. trigonus7!- 33.33%£ 7j-7J-
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*'.U-i:+. B. trigonus .2} D. subovoidea .9.J ,¥t;>Jl ~ ..!i!._ •j_ ffi"fj-£:.7] oJ] ::= D. sulJov­

oidea 7t 4'--,.\~l til-i.{ B. trigonus 7t ~15:l- -<cl :-tJ-til-<tl_ Ai -2...ti] e.:J Dakari a colony i ~ 

½~ 4- ~lll 5J o-J -'¥- -lirai.9.l 7J fiM 0 1 ~ ii~~£ t+El-1;;;!:ct. 

10 JJ oil~ 35 tm~ £. £,"f-7] 7J-¾ 7}~- rJ.g_ fffl~7l- ½~ til-~ ct. fiUiiijjtoJI Ai::: !f 

~ ~J- 1?! ~ ';::: ~ 0 } t;l-7] ~ ~ 912 tll ~] ;~ ~£ <?.f~-'4 7tf~"5"}9;l ct. 7~ ~14-oJ] Ai';::: J. 

falcata7} 2157ij~]£ ~£5°1912 ~IJ:oJ]Ai ';::: B. trigonus (16.1 %), D. subo­

voidea (7.5 %) 0 ]9;l.2, H. ezoensis :1 } rJ:o] ,.\j;;a:J"5"}a:f 6.9%.Q.J J:tj.£~ Lftj-i.lJ9;l.ct. 

ll~oJ];:: Ch. challengeri.Q.] o-Ji:r: ~~o/ "'ij£ol ffifj-ti}7] .1../~"5"}a:f 7347» 

jj]£ ~o-j1;;;!:_~9Dexiospirasp,.:S:...,.\ij£0] ~7}til-a:f f;ft!:i~ c)ir-9:li:+. ~/l"'.oJ]Ai::= 

~ .1..J B. trigonus 7} 20.9 %£ 7}:-tJ- *'.U-~9 H. ezoensis 13.3 %, D. subov­

oidea 12.7%, 7tt-& aMi!J¥1.Jq] lodictyumsp.7} 10.3%£ :i qg.9.j r,.zio]9j_ 

i;l. Didomnumsp.;:: 1 colony£ 8.:~5 %.9.l J:tj*.£~ t+E-f-1-llo-J ffiW-1:&:.Q.J ~ -¥-~ 

~ *l-;;a:Jtil-2 ~9;J.c:+. ~jj].9.J tm~::= 26fffi~£ 7J~ti}9;lc:-L 

12~oJ];:: 11~..!i!._c..j- fffltx:::: 32fffl_<>__.£_ ~7t"tit~;;a:]lfr 7»j~J'roJ]Ai::: i:Jl-¥-~ 7J-~ 

<5}a:f 1c1J~~ -¥,-=3},,_J-Eil ~ iftj-i.lJ9;J.c:-}. 1ij~J4-oJJA-j;:: Ch. challergeri 7} 249 1ijjjJ 

£ tf6o] 9;J.2 ~!'l;:: B. trigonus.9.j 1ij~J 4"7} {r~"5"}t'-1l <tJ 0J o-J D. subovoidea 

7} 15.85 %£ ~7t<St~~l:9 H. ezoensis ';::: 7 .1 %, Indict yum sp. ';::: 7 .1 %£ 7J 

~"5"}9;1_ ct. 

c/l jjJ:'~-L~£ ½ uJI .lf>uK IJ oJl 9J o-J .1..1 .s~ f:I t5 ~ .2} i?l~ .9.J ~ ~::: :i -=r-,.\a ¾oJl trf-4 

.1..-j r.};:::_ 1tl~~ ifEf-'-tj9J.q. 1i7]~oJ] 7Jj:J ½~<TI-fffi-& l2fffi, 51»~ o],,_J ½~ 

~fl-& 9~~£ 0 ]~ 2lfl 0 ] 1ijjJ.S1 ~~~ 4'-_x."5"}~2c..j-~ ¾~-& 0J.1..]~~ 

£ ½~<5}~7114- M.f,~,W~7} 15!-o}A-j ~-!:- 1)_~oJ].1..-j;:: 1,21»~~ ~j.2j<5}.Z;:: %~ 

5J ;;a:J *<5}~c:-l-. 0 ] 2HJ #i~£;:: Pugettia guadridens, Hemigrapsus sinensis 

~ i-lJl4!~.2} Harmathoe imbricata, Polydora sp. 7J~ 1J:!;;a:jccJ 0 ]¾, Musculista 
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senhousia, Mytilus edult's ~ .£) =ttJUl{.£.. 1:1] .ii!.~ 1B,~~l .£1 3..7] 7t t :ri.0 1 t:J1 

-¥-{t~.£. ti=.flll~l¥J 0J %.£1,,(cl ~ -°r"']W 4-~~ ~~ -?;! 0 1919". 

4. ~hl<.O 

!fVKOoJ],1-7 ~7];j-oJ] 7J~ 58:fi.0 ] ½~'li t1J-oj ~F7)(0oJ]"'7~ 35:fi'tl-o] 

½~ <5taj oij + t1J Q.f-8"J ;fiiJ.IJX ~ 4E-f-4J 91 i::~(Jl 7 ). 

6 ~oJ] ~ 11 ;fio! ½~<5t~~r:,] Chtham.alus challengeri 7t 901ijjj] Ba/anus 

trigonus 381ijjj], H'Y{l.roides ezoensis I:31ijjj]oj912 4oi:>:] ¾::. 1~3 7ijjj] .!£­

o] 91 r:+. 

7 ~ oJ] ~ 15 :ri. 0 ] ½~ <5t~ ~ r:,] Ch. chall engeri 7t 443 1ij jj] .£.. ~ 7t<5t~ 2 B. 

ampht"trite ~ 2,3347ijjj].£. ~7t<5taj 5.34 %.£1 Wl!l~ 4E-f-~J!.j- ~7'1] £12:i ~ 

0 l f-91 i::+. 

8~oJl~ ll:fi. 0 1 ½~"5"t~~o:j 1ijjj]4-t:· ri::_ B. amfJhitrite7t "'t 0J-~oJl u:f-

4 ~ A, <5J 7J±<5t~ ~4 tt t:!:i :fi.£1 r~ ~ 1 '1l J!.j- *"'r<5t~ i::-t. 

9'1loJl~ 9ft0 l ½~<5r~-~°'1 1ttjjJ4-oJl ~o-J,1-1 WTYI.!il..r:+ r:+± 7J±c5r~i::-1-. :i 

c:74 B. amphitrite.£1 ?J+ 1ijjj]4"~ rffYI.!2..9- 20 % 7r}±<5}~~4 1tt~l.£1 3.. 

7]7r ~7r<5}aj -rJ!l/l7} 8.33 %.£. -;;-7r<5r~-~°'1. Ch. challengeri ~ 3.63 %.£1 Wl 

m'. ~ 714<5r~ i::-1-. 

lO~oJ]~ Ch. challengeri.£1 o-ji:/:l_ 7ij~]7rAtt.£.O] -¥-~<5r7] ,1-J~c5raj1ijjj]yoJ] 

,J.7 Q.f;j- ~ 7r"5"1-~-~ 4 ~ jjj:'~.:j oj i,/1:)l ~ 7Ji:.<5r~ -~ o:j, ;fjlt( ~ 17 ,jj_~.£,. ~ 7}<5r~ 

t:-I-. 

12'1l::_ 0JAj~~.£. ½~"?} 1ffi~O) f-ior-Z7 24~~.£.. i7r<5/-aj 7}~ \."'§~ ~~ 

0 ) 4E-f-'d~4 1ijjj]4"oJ],i.1~ l0'1l.£l l/24-·r0 )<5r 0 )9;L~o:j B. trigonus7r 861tt 

jjJ oJl 2. 44 %.£1 Wl!l ~ 7] 4<5r~ i::-1-_ 

-41-



Table 7. Distribution of zoobenthos on the experimental plates at dis­

charge area of Samcheonpo Power Plant(l985.6-1985.12) 

Unit: inds ,( % Coveroge) / 400cm2 
-=-::::: Month 

Species 6 7 8 9 10 11 12 

Crustacea 

Chthama/us challengeri 90 443 197 100 477 66 
(0.14) (1.16) (0. 94) (3.63) (2.57) (0.56) 

Ba/anus trigonus 43 63 20 9 86 
(0.65) (O. 79) (1.04) (1.13) (2.44) 

Ba/anus amfei, trite 38 2,334 234 111 7 
(0.16) ,:s.34) (1.02) (8.33) (0. 7) 

]asa f al cat a 1 4 1 12 5 

Corophium acherusi cum 2 l 2 3 

Erictonius brasi Ii ens is 1 

Paradexamine barnardi 1 2 

S tenothoe val ida l 1 1 

Garrmar idae l 2 

Capre/la cal i/orni ca 2 

Caprella oc an thogast er 3 2 

Capre/ la equi l ibra 3 2 2 3 

Paranthura japonica 1 

0d i cerot idae 2 

Polychaeta 

Hydroides ezoensis 13 14 1 
10 

(O.l) (0.18) (0.13) 

Eumida sanguinea 1 

Anaitides koreana 1 1 

Harmathoe imbricata l 2 1 1 1 
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1f. 7. :ii14r-. 

Tab I e 7. Continued. 

~ 6 7 8 9 10 11 12 p 

Typosyllis sp. 3 2 4 

Nerei s multignatha 2 7 2 3 3 3 

Po/ydnra Sp, 1 

Opel lina aulogaster 1 

Terebel I idae 2 1 

Lumbrineris Sp. 1 

Bivalves 

13 21 10 
Saxost ria echz'nata co.25: (0.85) (1.25) 

Arcopsis synmetrica 1 1 

Gastropoda 

Sakuraeolis enosimensz's 1 

Reticunassa beata 2 1 

Phi line argentata 4 2 

Others 

Tanystylum sp. 1 

I cJmochi ton comptus 1 

Amphiporus sp. 4 

Stylochus ijimai 7 2 

Ophiopholis mirabilis 1 

Anthop/eura sp. 
15 1 

(0.5) 
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tlbJUJ 61] 'U o-J "'1 JfvJUJ __Iii_ q tJJ 0...j: 6J fiiJ.ijx ~ 4 Etl.-\1 :: 7_,i 2. f- 7/-Al ~ 0j ~£ 

;s-H ,zj -~ 4- ~ c:+. ~ ,RR := ll!JlJlw~-9] id.ri:_ ~ o/ 11) 7-} ~/ ¾ ~ %4~ uJl 0J 2. oJ ~ -~ 

£ JE~i,/-714 irft~<¥ ~"4 ~ 'U~7] 1tlJ-£-_~£ -~h±-~tt-l. ½;\(R:: -¥-~~ {- ma!!t 

61] 91~} ~-4 uui-:: tJir:~aL~.£. 0Ji,/-o:j 0 1 lg-~ 7/-';;A;J 0 1 3..7] ttll¾~ AJlzt~t:l-. 

11Jzt~J¾.9J ~-4 uu/-~ tfit:~61] 9l<t: ~-2. *~A~-~£ 0Jo-J1i 4- 9)_;:ci] oj;: 

J&.z/'( i:J 61] J.1 i'-§ 0 ) -¥-*~ Ch. chat I enperi. B. trigonus -2} 1--J ~ J.j .,j- ~ 1 ~ i,/- := 

i:Jzt¾ 3;ji, 1J!A]<'j 0]¾0J Dexiospfra sp •• H. ezoensis.91 -¥-~0,J.5:..7/- <'a_?;-ji,] 7J 

:'.t.~ :;! 4 a~ lli.7~ 0 1 71 -91 ½<'a. "6/-Al -!k~ :;! -~£ ~ "'il. 0J aj_ c:-L <TI-Iij .lfv}(. i:J °1] "'1 

~ ½q:J_i,/-Al fi"~i B. amjiiitrite 7/- ii)..z~ Pt 0 ] ½q:J_~ :;! ~ f.£1.!!t.l:#toll 9-~ ~ 

,f!! 0 ] 42 _!i!_o:j ~ c:-l-. <TI-Iij ~lli.Jtto] 'UC 1)! Al <'j 0 1 ¾cu Harmathoe imbricata. 

Typosytlis sp .. , Nereis mul tignatlw ~ oj !&7.l(i:J-2} 7J--& 0,J.5:...£. 4E}4;: ~-& 

0/ ~o/ 7~~].£'1 3..7] 7/- ll]iiI_~ ~ uu/-:_=_ 7.l(Vft~ oj7J "T° 9}_7] uJjy_~.£_ .3t:!-i:J!8_c+ . 

.:E~l- Caprella spp. -2} 7]Et EJ3~7/- 0 ~<'a_"5/-Al ¾~1- :;! 2. tit/~;1(91 ~'11.5:.. 9J. Al 0J 

T<:i!~l- ~JtiPl- ~.o-J -¥-~i,/-t:ii:-/-.5:.. uu/-;_=_ 7.l(ifrt:61] .£>1-t/-0:j ~o-J;;tj Y-zi:- :;!_~£ '\1J7-} 

.'rjtt-j o];: !&7.l(i:Jol] 9,)_o-jJ.-j J.Kfio] B]ii7_A~ ~2. 7-%/4 8-%/ol] o] ~o] i:-to] -¥-~ 

4. lf!r,Jl=J.K Mfft~~ 

~~I~~£ * ttJl ¾ t:H.tJ:1.-fffift:= 53 ~~£ J&J]( i:J-2} tl]-;::"5/-S'JA11tl- 7-} A 

ol] 91 o-j J.-j fmiJ.ijx 2. !&7.K i::i ~ ct r:Jl ~l -5~ tJJ 0-f"6/-~ q(JI. 8 ) . 

6-%/611 := Chthamalus challengeri (1731B~]), Hydroides ezoensis (6511B~l) 

7/- ½~'5"/-0:j !&7.l(P-2} B]~~ 0J-'c,l-0]~~~4 Jasa falcata7/- 3,2187Bjj]£ \:-§ 0 1 ½ 

<'a_'5"/-o:j ~ci;jl~.£. Y-Et'At~tt-l • .f&J.l(Ool)J.7 7-%/4 8-%/ol] ½"B.'5"/-7] "'l-'3J-<TI- Cor-

ojiiz"nm acherusicum. Erict onius brasi I iensi s 2¥-- ¾91 1--J ~ AJ .,j- ~ ~ J.j '5"/-:= tJ 

7-}-i'f-7/- ½"B."5/-9;1...i?.., 7]E} 1J!AJ<'joj-if-~~ 1Bjj]4"7/- ~7/-'5"/-S'Jc:-l-. o]¾ Nereis mul-
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* s. ==fi'm !k nD11m ?A~~* illl!:lif[~oJl 11 *l ~1 -¥-~~~ litt111J¥1J t±rni ti;!'!! 
< 1985.6~1985.11) 

Table 8. Distribution of zoobenthos on 1.he experimental plates at thermally 
at tered area of Samcheonpo Power Plant(1985.6-1985.11) 

Unit: ims ( % Coveroge)/400 er) 

s~ 6 
,, 

8 9 10 11 ' s 
Crustacea 

Chthamalus cha/ lengeri 973 4,8)3 1,030 59 143 1,100 
(1.25) (3. 45) (2.59) (0.59) (0.11) (0.87) 

Ba/anus trigonus 13 1,3139 891 369 237 , 127 
(2.65) (12,9) (26.56) (15.8) (12.39) (13.15) 

Ba/anus amphitrite 2 4 
(0.25) (0.8) 

Jasa falcata 3,218 33,:15 139 129 35 157 

Corophium acherusicum 199 2,1& 21 24 3 2 

Erictonius brasiliensis 14 ll4 5 4 80 

Paradexamine barnardi 2 

S tenothoe val ida 3 1 58 

Gamnaride 5 8 

Cajrella californica 8 ff6 25 2 69 

Caprel la acmthogaster 25 441 32 

Caprella equilibra 10 l,7CU 48 3 59 

]aniropsis longiantennata 3 1 

Paranthura japonica 14 1 

Hemigrapsus sinensis 4 1 1 

Sphaerozius nitidus ' 1 

Cirolana sp. 2 

Rhynchoplax coralicola 3 
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::& 8 • ;;,J] 4r. 
Table 8. Continued 

~ s 6 7 8 9 10 11 

Polychaeta 

Hydroides e2JJensis 651 309 829 I 292 568 ro 
(2.44) (7.5) (22.5) (8.3) (16.4) (0.45) 

Eumida sanguinea, 10 2 1 2 

Anaitides koreana 4 6 1 3 1 

Harmathoe imbricata 7 3 3 6 4 7 

Typosyl /is sp. 2 5 ~ 3 1 5 

N erei s mu/ti gna tha 41 10 29 27 9 7 

Amphinomidae 4 

Chrysopetalum occidmtaie 1 1 

Opelli na aulogaster 1 

Terebe I I idae A 2 

Terebel l idae B I 

Bivalves 

Saxostria echinata 
31 13 7 3 9 

(0.35) (0.3) (0,35) (0,6) (0.2) 

Muscu Ii st a senhousia 
5 

(0.01) 1 

2 
Mitilus edulis (0.33) 

Ctenoides lischkei 1 

Arcopsis symetrica 1 

Gastropoda 
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~8. ~l4r. 
Table 8. Continued. 

~ s 6 7 8 9 10 11 

S akur aeo/ is enosimensi s 3" ,, 

Mitre/la bicinata 1 3 

Papyrisca/a yokoyamai 1 

Pleurobranchaea japonica l 

Dendronot us /rondosus ] 

Others 

Dakaria subovoidea 13 
(0.25) ' 

Jodi ct yum sp. 
1 

(0.15) 1 1 

I chnochi ton comptus 1 2 1 (0.2) 

Amphiporus sp. 44 5 3 

Prosthiostomum sp. 12 8 12 1 

S tylochus i ji mai 3 36 48 4 

An.thop/eura sp. 2 2 11 132 15 1 
(1.2) (0.41). (3.05) (0.62) 

Didomnum sp. 1 1 
(1) (1) 

Enedri as nebulosus 1 2 
(larvae) 

2f, 
Tubul aria mesembryanthenurn 

Slye/a clava 5 1. 
(0.26) (0.3) 

Dynamena sp. ~ 2 9 1 33 
(4. 55) (O.l) (2.48) 

Ciona intestinalis 1 8, 3 14.. . 
().1) (1.6) (1.0) (2.8) 

Slye/a p/icata 3(0.63) 
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tignatha-:.:= 41 7H~l it ½~ z;re:J 0J~ -~§.. !ild:i ~ 0 1 ir--<J;L~°'1 :g:~j/J~ol ½~ z;r 

Al~-& ~01 ;~oJ'?j_c:.f-_ t±l~;fi~~ 18;fi__c>__§.. Jfvtu:i-91 6~~+ 8 1 ~"6r~-~i+ 

7ij~]4-oJl,i.-j-:_: ;. falcata7r t:JjrJ: ½~fz;r~ ~oJl ~ 0Jo-J ~ 2ll~7ri:'J=~'J;lt:-r. 

7 ~ oJl-:_: ¾ 28 fl0l ½~ Zire:J 10 rin°1 "-H §..0 ! ~J 7r~ '?J_-:_: r:-Jl =-ttflffl 0J Saxo­

strea echinata (31 7ij ~l ), -¥-~¾~ Sakuraeolt's enosimensis (32 7ij ~]). z;j .Scf­

¾¾~ Tubularia mesenbryanthenum '4 Dynamena sp., ~ 7ij ¾0J Ciona intesti­

noli s ~ 01 1.ij§..oj ~J7r~<J;lc:.f-. <TI-Z. J. falcata ~ 28,8857ij~]§.. :k~1=.~ 01 

-¥--<J;l__c>__uj Ch. challengeri 5:.. 4,603 tj~]§.. "6"7r"6r~r:-r . .:E.<li B. trigonus-:_: 1 

,363 7ij~]7r ½~z;re:J 12.9 %-91 1Bill~ 7]~z;r~r:-r. H. ezoensis-:_: 7ij~]4-7r 1/2 

1 .:s.:.§.. 7tJ-±z;r~__c>__i+ fBllloJl A-i-:.:= 1.s Yo§.. "6 7r"6r~ r:-r. 

8~oJ]~ 7~oJl :k~'E<TI- ;. falcG·ta7r t:Jl-¥-* ±~~oJl ute-J- 7»~14-oJ]A-j ~ 

~<TI- 7J±~Acf~ __1i!__~__c>__if fi~oJlA-l~ ~§/-7r ~<J;lr:-r. J. falcata9+ Pr%7rAl£. 

Co. acherusicum, Erictonius brasiliensis.:S:.. t:Jl-¥-* ::{:.~z;r~.:i!.. 3lt.91 Cap­

rella spp. 5.:. ~~<5] ½o-J ~'?Jt:-r. B. trigonus-:.:= 7»~14-~ ~Zr 7tf::1:_"6~~Al PJ 

7ij~]3.7]7r .:,Z-¾<5] "67r"6ra! 26.56 %-~ .i!J.:S.:.~ __1i!__~2 H. ezoensis :_: 22.5 %-91 

nJ.:s.:.~ i+Ef-t.llo-J 0 1 -f- ¾0 1 ~~l-91 so %oJl 7r77r¾ nJ.:s.:.~ 1~z;r2 9.J.'?Jr:-r. ; 

<5] 8 ~ oJl :_: 4:: nfilWtt 1tt•.i!J~S>1 jq .5:.7r ~ 0 1 ~ 7r"6re:J -¥-~~ ~~l 7r 1=.~§.. 

.uj*~'?J.4. 8~oJ] ~J7r~ ~¾oJlA-l Styela Clava, Styela Plicata ~-& o-) 7J 

.91 -¥-~A!%§.. ¾.R.Zir°i ~¾¾~ Dakaria subovoidea7r ½~<TI- ~'4 B. am­

Phitrite7r ½~<TI- ~-& i"-~~ 0Jz;rr:-l. 

9~oJl:.: 8~~ %,,+<li 0J,,_J.91 fiiln1<:~ i+Ef-t.lJ'?J__c>__if 7»~14-9+ fffi~7r 0--J=Zl-1 

7J±z;r~ t:-r. ¾ 1±1.m~~-:.:= 25 lt 0 l 9;l __c>__uj =-ttflffi~ Mt'ti lus edulis. +li!!:ffi 

0J Hemigrapsus sinensis ~ i:l] ..ii!.~ :k~fi ~ 01 1.ij §..01 4=-7r~ <J;l.2 D. Subovoi­

dea, Stylochus ijimai ~ t ~~~Al ~~2 ~1Jl;tt;~ 0J Anthopleura sp. 7r 

~A--j<5] "6"7r"6r~r:-r. ~.ilj B. amph.itrite-:.:= 15.8 %-91 1Bill~ ifEf-t.llo-J ~ ffiW 
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oij q.. -:S:-"-J-t;j-~ c:-J-, 

10~ ~"-] 9~4 t1j~<S"J .fffiil@t ~ 11fflffll$(~ 7]~-f>j-~c:-J-. ,,_H.£.0 1 ½~~ Zf:.. 
0 

¾ ; ?J 91 :::= ?i!-€:- fil ~ -~4 3 .fffi2] Capre.'la spp. 7)- 1i -6:j ½~ t;J-Al ¾~ ?;! 4 8, 

9~oJ] ~zl-1 1-f-El-1-f-cj B. amphitrite 7)- ~~~ ?;!o] ; ?J_~.£. ~?7)- 9,l~o:j 

H. ezoensis fflffllt7)- "l:i0 1 ~7)-t;j-O:j 16.4%2] flt!t~ 1-f-El-i.JJ~2 B. trigon­

us :::= 12.39%2] •tt~ 7]~-t;j-~c:-J-. H. ezoensis2J •l!Pl- ~7)-<S"J ?i!t fflffl21 

11 ~ oJ] :::= 9 ~ oJ] t1] t;j-0:j 9 11°1 t:7 ½"<{: t;J-0:j 33 ffl! ~ 7] ~-f>j-0:j ±"-J-7] zl- ¾ ~ 

i:fl2J ~il@t~ 1-f-tj-i.Jl~.:!...o:j 11fflffll$(oJ]"-1:::= Ch. challengeri2J "-H£~ 7ff~]~ 0 ] 

fflfr.xl<>i ~~t;] ~7)-t;J-~t:-J-. ffll$(7j- ~<>i•-d- ?i!-€:- <>itti~ ;~~cu ffl~ 0 ] ~7)-~ 

?;!.!il..4.x. ,J,1$(2] ::k~ffl~21 1:±l:!JtoJ] 7] 0Jti)-2 9,l~c:-J-. B. trigonus ~ 11fflffll$(7j-

O:j o. 45 %2] t1J ~~ •tt ~ 1-f-Eti.Jl ~ ~o:j t;] .s.c.t¾¾CU Dynamena sp. 7)- 33 co­

lony, 2.48%2] •tt~ 1-f-E.f-i.Jj2 Ci. intestinalis :::= l47ffjj]oJ] 2.8%2] •tt 

~ Y-Eti.Jl~c:-J-. H. ezoensis:::= 10~~ .i~tI].£.i}~t;] ;g-~t;j-~~l:J] oj~ 0J:tj­

--<Jo] 7J-~ B. trigonus oJ] 2]-f>j-0:j 0J i!:J 'J7] ttfl ¾ 0 1 cf .,,~ zt-~ t:-J-. 

12 ~-€:- m-•ll&21 *~ £ :;&~-f>l-AI ¾t;J-51 c:-J-. 

i:fl~l ~~ * ttJl 7AtJ~71( R~l ~<>iA1 Uilw-t!d~ ½~ 0J:,'-Jt ~1/J~] A~ 

t1]¾~ 0J:.AJ-o]~4. !E~ ]. falcata2] J;;:D'i=.-€:- ffl.ti~J}(li![~oJl -9l*]~} ::a'?-±7H 

0J~<>i AJ-21 ~-~£ fflfr!l&oJl ::f:ftl¥1.J'm:4 1-f-11°] r.J:0 1 -"t0J 4- 'V. :::= ±7Juflr~ 
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£ 1zt~o:l. 8~~ IO~oJl H. ezoensis 7} ~o] ffl'fi'~} 7}.3!t Eumida sang­

uinea, Anaitides koreana Hamathoe imbricata, Typosyllis sp., Nereis 

WU4/ tignatha ~ 1:l] .ii!.~ 1(:¥!~ 7J! Al eJ o] ff-7}- 3f¾<5] ½if.I~} 7;! o] ; 1 oj tj-_ 

2. ~j[f'j£'5~1] lltffl:j/J~~#;~ ~~It~ 

t:f:1:IJHi:fJ:ol] 'V. <>J "-1 -¥-~{!- 'T'-i>J- ~ 2 7ij ~ 7!/-Al:::: J[lc~ • .2-}- WitlFJ}(:tfi/ft~~ o] 1:l] 

~~ 'TT~.£. ~7)-<5j-';;l_A]~ ~J}(ihl!.:fmqI 8~oj]A-J -¥-61:::: Pt~ z'f:~7/- 'U'Jitj-( 

.:Z. "i=! 4). 

J&J}( • oJ] "-1 :::: ljL~{!- "rZ>/- 4" 1 7ij ~ uJ1 ~ 6 ~ .!j!-E-j TTZ>] ~ 7}"6j-O~ 5 7ij ~ uJ1 

qi 10 ~ oJ] 35 {i7Jj-A] ~ 7Hl- + IP~ ol] 26 ~~£ 7J::f:.is}9]_ tj-7} 12 ~ ol] tj-A] 

32 ,fi~.£. ~ 7}isj-e:j ~BJ~~£ \f$~fft1¥~ ±~tjJ oJ] 'V. <>J "--J ~ litmj/Jil'fr.i~ fi~~ 

{t (Yi 1975, Lee 1976)-2} Hj ~<5J 7s t-J: ~ 4Et\!! BJ0j i'hHJFJ}(·/ft~~oJ] "-1:::: r'i'IJJ.K 

ihl!. MoJ] A,j <>J ~:::: A] 7] 0J 8 ~ ljL E-j fill! 7/- ~~1 ½<>J ~ <>J 7 ~ 3!t 8 ~ ~ 28.fioJ] 

A-J lO~oJJ:::: 24,fi~.£. ½'Jitj-7/- .:z.;ff- tj-,,_] 9]*~o-j ll~oJ]:::: .2..-&]i!:j J&J}(o_ll_ 

q Pi~ 33fi~ 7]*<5}~q. ~nj tJFJ}( • •il"-1:::: tl:l3JUi:l/:7} 0ij~ tc1J~c5}e:j 4-

f;\- + 1 7ij ~ il(~ ~ 6 ~ oJ] 11 fi , 7 ~ <~] 15 fi ~ 7] ~~ + 7J::f:. f;j-e:j 9 ~ oJ] 9 fi 

~£ ~Al'TT~ .!i!._ojtj-7\- tj-A] ~7}i>J·e:J 12~oJ]:::: 23fi7J}Al ~7}"6}9;l_tj-. lilt 

oJ] A• £ iKltlFJ}(~~.i/- tfFJ}(~ ~ ~ tjJ rJi,] -c ff.~~ 4Et~ Al i:u- fi~~ ~{UfH$7}-

1:l] ~~ 7;! ~ "~ ~ ~ u] 'V.:::: 0Jo] 9 , 5J-)-A] 0
~ oJ] 'V. <>J Al~ fi:~~ ~{t:::: Wit/FJ}(.2t 

o~q.. oJ1J~ 3H-;zijoJ] 'Uq:::: 7}. ~ OJ,'.J5ij ¾tj-. 

0 ]oJ] 1:JJ,5)-e:j colony~ cg,,(J,51-c- ffl~~- ~191~ ¾ tl:l:m{rM~ffi:~ ~Ht~ H).ii!. 

<5}0:j ~l;j 7~oJl rEiltlFJ.K•lftli![~oJIA-l y~AJ.iH-~ ~,,(J,5}:::: ~7--}¾0J Jasa falca­

ta 7)- :k~1:. "6}e:j ffiffl~7\- 4 °J7ij ~l ~- ~ :::: 7;! ~ AJl 91 ~cf-t;j J&J}( • .2l- iKltJFJ}(• 

lftii![~~0 l] -e- ~1- 0 1 ~ tiJ-?J ~ 4-:::: ~ 'Ji tj- ( .:z. r,J 5 ) . 
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Fig. 4. Monthly variations of sp,~cies number on the experi­
ment?l plates at intake, discharge and thermally 
attered area of Samcheonpo Power Plant (1985. 6-
1985. 12). 
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Fig. 5. Monthly variations of the total number of organisms 
on the experimental plates at intake, discharge 
and thermally altered area of Samcheonpo Power 
Plant (1985. 6-1985. 12). 
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t1F*o9l 7cl-9-- t:Jl~l~~£ l&*o.2} t\H:JF*1ilfxi&~9J 1/3°1<5'}9] Mftti~ 71~ 

iS'}';l;l. 4. ®ftfi 0 1] '-i ½ ~ ::i ~1t9J t1Ut7} 3 ®9J 3=.A};,;] 78 °] .2-.!¥- %-A}'t· 7cJ 

~~ 1+El-i.J12 'il::: ~ 0 1 1±rnum9J ~1tst 4:: ;;i;J 0 lo:J 0 lc1'il ~HJ-~ ~;,;J<?:1oJl 

1:l].ii?..~ ? 2 71] ½iffiS'}::: ,J-..fi9J -9--7a¾o1] 9j<5'}0:j 1+El-1d- ~31-tct-2 ]t_O:j~tj-. 

ft~~ttffi~9J ~:&~ ..!i!_ 0J l&*o7} e-J-:: ;,;J;;i;J~tj- 0 B-¥- 1t~ ~,l-~ _!l.0 ]2 'il 

::= r,J] 0 ] ::= t±l;!J!ftfi.2.} Mffll'J:91 -,1--3=. ~ -f- ~ '; 0 ] 'il iff 1·.?:- 0 }1--J q. ::ic• 4 l&* 

o.2.} tU11:J](;jj(lfii&~0 ] 0 }f- 1-1:lJ~ ::= fj~~ttffift:~ y-E}i.lj ::= ~ ~ f-*~ 0,1-<5'} 

q(::irJ 6). 

7~o1] ~tl1=*1ilfxlil[~9j fi~tfrtffil!P} '5!-.?:- ~.?:- 0 ]~ -:k~~'il ]aJa falca-

ta9j ~- ~ t{!-~ ~~_£_ a-ijA~~ 'Ts_ <J,l;;i;]oJ ct:: ,1,.p~olj J.-j9j 131-t~ ½ ~ ~ 

,A~~£ ::i ~•~£ ½ 4-::: ~c+. ltl;IFJ.t:1iltrxlil[~31-t J&J](o9J m1.t~~::: 3{Ji!"Qf 

4't 0Jc:-J] 5~oJ]"'1 9~7J};;i;]9J J&J](o7](~~1t~ _!l.0,1 ~ liai!" Q} 2't -AJ--:;- 'ilct 

::: ~ ~ ~ 4- 'il c+. ;- .!¥- ;;i;J<?:19J J](ffl~J~::: ~ £ ~H}s}O:J 2 7n ~ oJl 6J11r~}ct2 

4'-~~ 4- ~c+. 

ctllij J&J]( o9j fj~~ttffifi9J ~:&~-"j ~ 2 7ij ~ 0,1-1} 0] %"'] {1 c+cct mt:11:J](~ 

tfxl&~9J ft~tfttffifi.2} ::i ~1t#U$7} ~Ji] 'il9-::: ~ ~ ~ 4- 'il q. tt\-4).-l ft 

~ tf 14: ffi'II{ 9J IHti'fHt ::: i'H:JI: J]( .2.} 0,Hl 1tl % }JJ oil 'il 4 2 4'-~ ~ 4- 'il ~ o:J ft~ 

tfttffi'ft9J ;;i;Jt:Jl~9J *}0 ] ::= ::J... -2191 ffl:lft~izsl~£ ~DJ<5'}0:j 0 r- ~ ~o]q. 

0 ]c1'il 7}1~ f!l61.l9J ~~~ ~~<5'}<~ ~rd ~q °3 13.!jtij~q. J&J](o.2} ~t:11: 

*~~rl3"19J fil6~ *}01-c 0ij-¥, ~:::t;J] C.::z.?J 7 ), o]c-J~} ~-}1]~ ffltJl:J](li![~oj] 

'il <>I "'1::: Er-~ ~J -¥--1:l ¾0 1 i+El-1+2 ~~o:J J&J]( o oiJ "'1::: zt 1:±ilJtfj ~ ~oil fif 6 ~ 

~ 1:l] .ii?.. "5"}7} 7} <tJ ~ 4::: 7) ~ 0J"8"}0:j ¾t:l-. ~}~ fit 6 JJU} ~tj-::: ~ ..g. ~~ ffljf 

~~
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