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IT.

SUMMARY

Title

Studies on the effect of ccoling water discharges from

power plants on the sessile zoobenthos.,
Significance and objectives of the study

With the rapidly increasing demand of electricity in
recent years, the total geaerating power in Korea will be
38.3GW in 2,001, Considering that the most of large units
of fossile fueled and nuclear power plants have been/will
be located coastal areas to use sea water for the conden-
ser cooling, cooling water discharges from power plants
will reach up to 58Km3/year or about 457 of the annual
rain fall when the all power plants will apply once
through cooling system with 33%Z 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 inability 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 thermal 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 of cooling water discharges from power plants on
sessile organisms and the 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.
Scope of the study

The study was designed to analyse the effects of
cooling water discharges “rom power plants on the rate of
primary production of ma:ine phytoplantokon and the su-
ccession of sessile zoobenthos,

The majar study idems were the bimonthly determina-
tion of the primary production of phyt&plankton using
light and dark bottle me:hod at intake and discharge
area, and monthly investigation of the succession of
sessile zoobenthos on the experimental plates at intake,

discharge and thermally altered area.



Iv.

Result of the study and suggestion

Result of the study

The water temperature at discharge area was 3 to 4°¢
highter than that of thermszlly altered area and 6 to 7°c
higher than that of intake area,

The net primary production rate at intake area showed
3.28 to 29,53 mg C/m3/h. The highest adverce effect on
the net primary production was obserbed on September when
the maximum water temperature at discharge area reached up
to 34°c. However, heated water 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 533 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 a certain degree.
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There were two month deviation between intake and ther;
mally altered area for the 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 monthly changes of water temperature
waé.about'ZoC, it seemed that this phenomenon was caused
by cooling water discharges from power plant,

The cooling water discharges 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 of cooling water discharges from po-
wer plants, especially during summer season, Use of heated
water in aquaculture can partly reduce the 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 fouling
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organisms such as barnacls are May to June and early No-
vember., If chemical freatments 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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Tablel. Variations of water properties as a function of temperature
(I1AEA 1974)

tempera- | evapora- | viscosity | density surface | oxygen oxygen
ture tive tension | solubility|diffusivi-
pressure ty
(€ | (mb> (Cod  |(gmed | (dyn/emd| (mg” &) |(cm/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 0.99610 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 0.99865 71.2 7.6 27.4
35 56.41 0.719 0.99406 7.1
40 74.00 0.653 0.99224 69.6 6.6
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B2 .=FH O KIBER EBAES ZAE Y3 HEBE
Table 2 . Experimental methods for the primary production study at
Samcheonpo Power Plant

Code |Water Incuvation |Incuvation Remark
Sample place depth
Il Intake Intake Im be.ow P.P;at intake water
MSC
ID Intake Discharge Im effect of temperature rise
IDI Intake Intake Im below effect of machanical damage
( stock15 MSC
minute
atdisch-
arge )
DD Discharge| Discharge Ilm P.P. at discharge water
DI Discharge| Intake Im be.ow effect of cooling water
MSC system

* MSC: Mean Sea Level

P.P,: Primary production
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Al AbE] EE{UE = Average linkage method o] 23le] Cluster diagramg =
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23 3. =FH KHBER RAD, HAD 2 BEA REER FHKE R
£Bo g4 (1985.5.1 ~ 1935.11).

Fig.3. Monthly variations of average water temperature at
intake, discharge, thermally altered area and air

of Samcheonpo Power Plant: (1985, 1-1985. 11).
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Jh, &S] 3.28 ~29.53mg C,/nt,/ hwlgjo] o},

g BEKO9 H@EAENS HAZ FukpXch Jeoldq A #ES] 5.16 ~ 21.
56mg C/ nt/ h¥8g vedo(E3).

MAEERS] 4% BAOodE 9H0 29.53mg C/h B shY Eoksd 2
< A7lel grkael4e —2.35 mg C/m/h o S9 gte vEhHgiTh o]& EA
el 9 Bol @A BEoE skl HADY kiglol T A0l AN A%
st KARE A td FrS FASEY) Loz AR HADY M4
e KO w3t 47 %FH % @2 F=FolAal, o] Zo] WA EHEke] 9
3 ey ¥ & ot

AP 4 EEaa Bl RHRHET EIFD 5 mAoHY 7T WY Ze e
EE frAshe ik Efel T A7e 15~20% Hxoln , %7 A7t

of Al wheb WHEKS] &% 2 FEX ol HA4 # ol

bt
iy,
b
o
fru



3. =FH KNFEA MR- HokOS MeEES ( 1985.7 ~1986.1 )

Table 3. Amount of prmary production at intake and discharge area of Sam-
cheonpo Power Plant ( 1985.7 ~- 1986.1 )

unit :mg Cn/h

ear 1985 1986
month
area product ion July Sept. Nov. Jan.
Gross 16.88 36.09 15.47 7.50
Intake
Net 12.66 29.53 7.97 3.28
11 )
Resp. 4.22 6.56 7.50 4,22
Gross 15.47 9.84 21.56 5.16
Drscharge
: Net 9.38 — 2.35 10.78 1.88
(DD ).
Resp, 6.09 12.19 10.78 3.28

#H Kol 2 11 %Yol grko #id Ehe] BKado E%ed , oles K
Boll web e BEFH 3t v Ad g Yoe xSl it e

Figel o 2 & doe AL dA s ot

ol

rir

HERES BAOdAE 32~58mg Omtsh o Weloln HAOqE 25~
9% mg O/m/h o W2 BAmYD Fokom , k@S #ts My F Y8
% cf.

A Aom = W EAOS HAOS MEAENS —Mikel AAS Kt

e M3 ( Lorenzer . 1976 )of <3}9 ct.

2. BEN BHAC EREEN e BB
REF BHACH gk s v1AE BES mEFE ST Qe -
g 399 LEAel 9% gl sleh (AR 1980).
s A9 449l sk A FAd F
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ol2ld pEe E@AENel AE
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B4, =F KOBEFR R-PhKOo] 7H HEIER KpdES(1985.7 — 1986.1)

Table 4. Amount of primary production of each reference analysis at intake and
discharge area of Samcheonpo Power Plant (1985.7 — 1986.1)

unit :mg C nh

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 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 | 16.41 20.16 3.28

IDI Net 10.31 8.44 — 0.94 0
Resp. 4.22 7.87 21.10 3.28

Aele AENE A7 BES vAe Aoz vekd (55 ). o ¥
e AT BAkEES AENIE FASE Aol

pok

# 11—DI=C Il~1IDI )+ ( -D—DD )2 F4o] ¥ +Ax
o BS54 ksl Aot el @o] b aAnk vsd S35 vhehy
% glem , DI 9 ID1 8 A% o]Fo2 2ex4Fe %o AL Peatad s
4L odr AE Ay4el sy ¥ 4 Aok

ofeidt ATE FUsel ¥ W YAAE0] MsEHol clAE FES MR
BBl 6%, BE Lfol o3 Bmo] 54%old , Wi LA €% BEE &k

1]



£5. =F@ kKHhBER LEFRHo Y2338 H@4ENN o A- gE
( 1985.7 — 1986.1 )

Table 5. Effects of cooling water system on the primary production at Sam-
cheonpo Power Plant ( 1985.7 — 1986.1 )

unit :mg C m/h

code mz;]eta::' 1985 1986
(Effect) production July Sept. Nov. Jan
ID-11 Gross 7.03 15.46 10.31 — 2.34
(ConLimions | Net 6.09 |— 18.75 10.31 | — 0.94
I1-Dl Gross 9.85 30.46 2.81 1.41
(Entrainment) | Net 9.38 30.94 4.69 0.94
IT-1IDI 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

B\fel 23,2 o9 A7lele BE LA o3 B XEAENS SN =
A2E zeistd @ERH BES ol Ax WA Fz Uk Lo
=g AA ez W@ MAEENN uAE BB 6.2~36.8%9 Al

Z dvx & 5 ot & FC1985 )2 A2 AAelAY HEIFIAEY BB

rim
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AR BRECZ 35 10%U9Y HAECES Lustgond # % (
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ek

1979 )& zj P Ay FHE ETATEE LAR AFECE FYP

£ Tdsichn sk dubdeg £ oA Sivhiie]l Zold AEK BEES K

BAENS ATl Bol A&stz ot BEM @K B $AAE 24 A

7ol 10 & mlwukel A& b =, Aol AT BEE KAR GRELE A

71 e olel e Rsloh w3 o) g WMARTELE HWHELYWREES A% F£59
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2 M A o8 dax Tz 9 Fox and Mayer (1972)%= o 3loj 9
gt B HEE 26 %, MEREAZ APl A& FrZ 66 %2 Hwsigor,
Koops (1978) & oddfol 8 448 Z4E A9 FAT % Atz s%ch Mc-
william(1972) & BEEKe] HEN =2} 24 &2 F7lsixial MAEER
T AR Zadon e, £ 2449 5 Aol QYA MAEED

°of W= Bl 24ENEGE max Zo2 JdeHREd ol 2xF
bl & BB Frbl g% Ao ygtHch AAH oz usAl 5 AHE

of o3 EE A FEsrvle olu ey HATEFIES BREE 3HTs
A ddel o3t ddFH e BE LA @E FAFge] o F 5 deow,
HABRPA = FF AR BREHES 2959 RAE NS dA] 74
A7 Gdrh ok ST BE Ad 2 FA G o7 A ERf4Ee) o
= Il = W7k A4 1.05(Co 4 Y 6.121Co 2 F=H 5] e Uz} o9ty
ERAEENS wamRe Uubd &N 2008 Ch/y 2 7 3ckd 0.5~ 3 ha
o wmol HFste Bolct.

_;

F=e EE EEHYERN s 2R

1. EEt EEgY H#52] B
7k, KA
BEER ®FE 1 U0] At 6 Yol EFtkel= BREE FYst= A
7 2ol Fel Dexiospira sp.7t 616 WA, M Chthamalus Challengeri 7}
597 WA, e Z59l Balanus trigonus 7} 2457047 239, REHTE
S dYst= wmMES Jasa falcata 7t 556 7HA £ SHG(HE6). Colony &
Aale 252 BHEWQ Dakaria subovoidea 7} 285 colony, Lichenopora

imperialis (?)7F 125 colony &8 3% 2 w7 Fel Didomnum sp.5 30 co-
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#6. =T# KDBEFR Bkl 43 2a3o migsy HBE 48 (1985.6 ~ 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 c#

Species Month 6 7 8 9 | 10 | 1 12
Crustacea

Chthamalus challengeri 597 042 70 9 12 734 249

(0.75) | (0.26) | (0.39) | (0.3) | (0.3) | (0.46) | (0.16)
Balanas trigomss s | @i | 6w | @oow | b [chiwy | v
Balanus amphitrite 2 4 3

0.3 | (.40} 0.3

Jasa falcata 556 1,115 668 769 215 6 92
Corophium acherusicum @0 910 1 1
Erictonius brasiliensis 57 24 18 27
Paradexamine barnardi 12 71 43 14 1 3 77
Stenothoe valida 2 43 85 16 62 3
Podocerus inconspicuus .56 115 9 3 3
Gammaridae 3 2
Caprella californica 3 467 484 37 89 2 34
Caprella acanthogaster 64 768 1,607 14
Caprella equilibra 48 1,420 981 78 85 1 11
Janiropsis longiantennata 1 7 43 1 1
Paranthura japonica 16 26 3 3
Pugettia guadridens 1
Hemigrapsus sinensis 2 1
Cdpepoda 21
Ostracoda 4 2
Sphaerozius nitidus 1

—_ 36_._



#Fz6 4<%,
Table 6. Continued.

Species Month 6 7 8 9 0 | o1 | 12
Polychaeta
Dexiospira sp. aso | a2t | am | 0 | 0w | ol e
Hydroides ezoensis 32 193 78 75 139 260 148
0.01) | (6.78) | (2.35) | (1.40) (6.9 | (3.3 .0
Eumida sanguinea 2 2 4 2 2
Eumida sp. 1
Eulalia bilineata 2 1 2
Anaitides koreana 1 1
Harmathoe imbricata 3 3 1
Syllidae 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
Saxostria echinala @i | 0.9 @.5) 09| 0.5 @
Musculista senhousia 1 1
Mytilus edulis (0.1;)
Gastropoda




#6. A<,

Table 6. Continued ,

Species Month 6 7 8 9 10 11 12
Proterato callosa 1
Sakuraeolis enosimensis 1
Capalus dilatatus (0.8;)
Patelloida saccharina 1
Acmaea pallida 1

Jthers
Dakaria subovoidea @ @0 | @ | 6| oD | arp | asay
Lichenopora imperialis®@) (2332) (2_%) (2.23) (0-7‘;) (03?3) 7(10,3) (1.4513)
Lodictyum sp. (o.:lag) (3::;32) (1}2) (0.22) (4?15) (7?2)
Hippopatraliella magna 1 (0.03) (o.g) (13_1;;() 1
Tanystylum sp. 1
Ichnochiton comptus 1 1
Acanthozoater gemnata 2
Ambhiporus sp. 1 1 2 1
Prosthiost omum sp. 5 1 1
Stylochus ijimai 14 6 1 26 1
Ophiothrix koreana 1
Dorometra sp. 1 1 1
Anthopleura sp. 1 1 3
Dynamena sp. aid| @ | em| @9 @D
Didomnum sp. (z.gg) l (0.5:5) (;) (2.6‘17) (1.113) (8.22) (4.&13)

_— 38_._



tony 2 3l cl, =z 9ol % Capreila c‘alz'form'ca. C. acanthogaster,
" C. eguilibra 3 A= o) 52l Hydroides ezoensis 5 & 19 fgol £33 e}
NA ol 4| B Ch. challengeri 9t Dexiospirasp.”} HEZ & == D. su-
bovoidea (6.88 %) 7} 7tz o] et

Tell = Ch. challengeri 7t 942 WA 5. Z7}atg o J. falcata 7} 1,415
AA 2 F7hste] $- L ol FH o o] “HEAME Saxostrea echinata 7t 2
55 04 mESIH o, A A-S J4s= mME Corophium acherusicum
ol A 2ol 3o & MEMT 28HE FIHEY sk

WEo2E C. eguilibra (1,920 4A ) J. falcaia (1,41543> % Ch. ch-
allengeri (942 W45 PR ol o, HEE D. subovoidea (21.0
%), H. ezoensis (6.78 % ) 2] ol ich

8ol M7t 31 o2 Srhstelon MMMl S We Wkl Uch 69
7ol ol 23t Ch. challengeri 7- T0NAZ 7HAslg o] 2L
Sol Z7le E7he wbd AMA ol Al v W2 ZaE shleh So1%gE e o
A4S A5t drbFol Erictonius brasiliensis & #ERe] colony & &
435l 3 =2t{<l Dynamena sp. HE K B. amphitrite 7} A 2o] E&3 A
=} gl AAA D. subovoidea 7t 50.85 %S A st A 2MEHRST Y
A Aol Ak, -

9 Yol = 8Y vlxd MEKoZ 3340l At Ch challengeri & 9
MA 2 7H&stg e B. amphitrite = 47WA, Co. acherusicum- 1703 Ca-
prellaspp.e FAMNAEZE 72 o] S4o|dxm, giAd 2o HES ebd
Ael D. subovoideat T EE7} 8.25 %2 7+ el B. trigonus 7+ 1A el
B3t 2wi7t 3 FUbetledl ol & ol fhiol AEH o2 At AHe) opet 7zt
of MHEFRA &S NA 2 @R s)9le Ao HdHet AH Tl UM E
J. falcata?} 169 WA 2 HBiSo|glovt HEE B. trigonus 7} 33.33 %2 7}
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=ouct B. trigonus 9 D. subovoidea @ FAIE HH HEZ7) A& D. subov-
oidea 7} $-A3h} B. trigonus 7} 1A A A A 231¥ Dakaria colony & =
2% & A s F @k A Aol S4HE el

1080l BEoZ ZA b 7H4 B BEV 23 A 0 SR F

g MEE Folnr) FEQT A AL oA Basdct AMAFAAE J.
falcata7} 21572 HE Lol A BEANAE B. trigonus (16.1 %), D. subo-
voidea (1.5 %) ORI, H. ezoensis 7} o] A A3 6.9%9 2l =& ey A}

11 Yol = Ch. challengeri ®| o1& Z5o| A Zo| it#H3t7] A &3ste] 7347
HA & Folton Dexsospira sp, & 4] Bo] ZE7}ste] BhS ol B HEAE
A B. trigonus 7} 20.9 %= 7} ¥9to™ H. ezoensis 13.3 %, D. subov-
oidea 12.7%, 72 BEW W lodictyumsp.7t 10.3 %2 =2 t}-29 F4o|qd
of. Didomnumsp. < | colony 2 8.25 %9 #&8%x& ehyo] HiFiRS 3 25
= ZAAste et HA Y EHe 26 o E stk

1294 NYEY BlE R AR SAAATL ATl A A2 Ha

ste] Hlokgh R-2 el & et et A ol M= Ch. challergeri 7t 249 7 Al
2 Jho|Ux WEE B. trigonuse] AAFrh zhastedl Aol D. subovoidea
7} 15.85%5 Zrkigen] H. ezoensis = 1.1%, Indictyum sp.© 1.1 %% 3
bl et

dA o2 & W HAAd ool Gamet g Habe 2 T4 S et
A B HEE e el Azl AA 2 e 128, 509 ol 24
e 9EoR ol F 2l M A HIE Frifn o0& FEe dAAe
2 FASgAV BREETL oty i AddME L2AdE Agsine #F

a

ol

= 2] Fslgvt, o3t o RE Pugettia guadridens, Hemigrapsus sinensis

5 T8I Hormathoe i mbricata, Polydora sp. 72 & A &o) -, Musculista



senhousia, Mytilus edulis 529 “HFIEZ svlzd ANAY =77 & ol o

FHo2 grmamy FI4E FAZ T e Aol

. Hekn
kel A A7l 7kell 23 58 ol £33 ubwd kK Dol A& 35 &kl
st of § mlokel B E FERHSEH(ET).

6 Yol = 11 fEo] 2359 =dl Chthamalus challengeri 7+ 90 7|3 Balanus
trigonus 38 W3, Hydroides ezoensis 137MAo)Ax oA F& 1~ 34 &
o] 2=t

Tl = 150 8= Ch. challengeri 7} 443744 2 Z7}sigl 2 B.
amphitrite = 2,334 WA 2 5715t 5.34 %9 HES Jebd 34 FEH S
o] F%l e},

8ol &= 1l fo]l FH3P o MNA = Be B. amphitrite 7t At ¥l =
2 A8 st o waEEY THe 7Y FASEA

9doll= 9#ol 3 o MATol UAA §iIH Hcoh oha Faset 2

it B. amphitrite® A$ AA T fIAET 20 % a4 o AHAY =
717} S7bsled g7 8.33 %2 £718lQ ov, Ch. challengeri = 3.63 % #
EE 7] 55t e

109ell = Ch. challengeri &) o1& 3|7} A 2o] Habstr] A 2sled 7 H] o
A A7t Sobetgl ot HA Aol gEE astgod, ElE 1THe2 £rstd
ot

11 el = MERS 742 AAstx £351d ek

1298 JdAAHo R 43 dgo] Wold 24moz Sristed 713 Yo #@E
of vebst ot Aol e 10 Yo V2-foldto] g o B. trigomus 7t 86 7
Aol 2.44 %2 HES 71551 of



£7. STH KNBEF BADo A3 238 EEBy WA HE (1985.6 —1985.12)

Table 7. Distribution of zoobenthos on the exper imental plates at dis-
charge area of Samcheonpo Power Plant(1985.6-1985.12)

Unit:inds,( % Coveroge )/ 400 cm?

Species Month 6 7 8 9 10 11 12
Crustacea

Chthamalus chatlengeri | 16| ' | o | G | s 0.5

Balanus trigonus 43 63 20 9 86
(0.65) | (0.79) | (1.0 | (1.13) (2.49

Balanus amphitrite ©.19 b (oD (8};;) .

Jasa falcata 1 4 1 12 5

Corophium acherusi cum 2 1 2 3

Erictonius brasiliensis 1

Paradexamine barnardi 1 2

Stenothoe valida 1 1 1

Gammaridae 1 2

Caprella californica 2

Caprella acanthogaster 3 2

Caprella equilibra 3 2 2 3

Paranthura japonica 1

Odicerot idae 2

Polychaeta

Hydroides ezoensis ((1:’]) (0.:;) 1 (0_12)

Eumida sanguinea 1

Anaitides koreana 11

Harmathoe imbricata 1 2 1 1 1
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=7. Al%.

Table 7. Continued.

Month
Species

10

11

12

Typosyllis sp.
Nereis multignatha
Polydora sp.
Opellina aulogaster
Terebellidae
Lumbrineris sp.
Bivalves
Saxostria echinata
Arcopsis symmelrica
Gastropoda
Sakuraeolis enosimensis
Reticunassa beata
Philine argentata
Others
Tanystylum sp.
Ichnochiton comptus
Amphiporus sp. -
Stylochus ijimai
Ophiopholis mirabilis
Anthopleura sp.

13
(0.25

21
(0.85)

15
0.5

10
(1.25)




ek ol oA MAkny ok dl okt @RRE Yebll e He F 7ha FHez
A g ek A= EEHH it sol AAES Y A de T

WSS wEs W gl 9% WEL 2YH o2 dojd & gled ok

Bk Aol A o] Y-&3t Ch. challengeri, B. trigonus 2} YA A

>
(A
njo
o
ox,
[
o
rir

@zba 3¥, AR ol Fl Dexiospira sp.,H. ezoensis®] F-AUx7t | A3 7
a3t A3 BRgmoel A FHshA] £ Hdeg A Aol dH Hk Mol A
# ZdstA ¥ B. empaitrite 7F vl w A Pol FHT e BE LR 42 ¥
Boltw Hojzet H Hahtkol Ae Aol 7ol Haermathoe imbricata,
Typosyllis SP., Nereis multignathe 5°| FkO9 & sz z Yehgs= Ao
ol Eol MA Y A7 vlwAd A wE KEKE o)A F U7 WFo Hedde}
=3t Caprella spp. 9} 71El PR/ 38k X3t A2 Rk B2 U=l
TR WHE7E o] FAST AL W Kol st "ol Yzk e Azt
Ho o)z Mkmel UolA Kol ¥iwA £& 7Y 8 Yol o] Fol Fol R

st ot BEkaol A e A BAsA] x3E Aoz A dud oAl e

o EEEK HEE S
Aoz & o & HAEHNT 8@ 2 MuKAY vstd=et 2 A
of Aol MRS BkOErt A s 8l FahgAH(E8).

6 Yol = Chthamalus challengeri (1713 WA, Hydroides ezoensis (651744 )
7} & sl Ekmek v 5egt ofAlelg ot Jase falcata7l 3,218 WA 2 Ho| &
dAsted FhEo R Uetston, BukfdA 793 8Yedl U A &3 Cor-
ophinm acherusicum. Erictonius brasiliensis T 59 YA A RE F4stes &

757k 2RAA, Sl AA Yol Fo AH S £osgeh o F Nereis mul-
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8. =TH KIREM BHEK WBER 423 223 mEsy 1B e
( 1985.6 ~ 1985.11) '

Table 8. Distribution of zoobenthos on the experimental plates at thermal ly
altered area of Samcheonpo Pover Plant(1985.6-1985.11)

Unit:inds ( % Coveroge)/400 cr?)

Species Month 6 v 8 9 0 | 1

Crustacea
Chthamalus challengeri |’ 678 | %) | 0.6 | @D |
Balanus trigonus 13 | 1,38 891 369 237 | 127

(2.65) | (12.9) | (26.56) | (15.8) | (12.39)| (13.15)

Balanus amphitrite (0_22) (O.;)
Jasa falcata 3,218 | B,¥ 139 129 35 157 !
Corophium acherusicum 199 2,ie 21 24 3 2
Erictonius brasiliensis 14 114 5 4 80
Paradexamine barnardi 2
Stenothoe valida 3 1 58
Gammar ide 5 8
Caprella californica 8 %6 25 2 69
Caprella acanthogaster 25 44 32
Caprella equilibra 10 | 1w 48 3 59
Janiropsis longiantennata ’ 3 1
Parant hura japonica H 1
Hemigrapsus sinensis 4 1 1
Sphaerozius nitidus | 1
Cirolana sp. 2
Rhynchoplax coralicola 3




#8. A%,
Table 8. Continued

Month

Species 6 7 8 9 10 11
Polychaeta
Hydroides ezoensis Can | 0D | @D | 6.5 | | 0.
Eumida sanguinea 10 2 1 2
Anaitides koreana 4 6 1 3 1
Harmathoe imbricata 7 3 3 6 4 7
Typosyllis sp. 2 5 2 3 1 5
Nereis nultignatha 4 10 29 27 9 7
Amphinomidae 4
Chrysopetalum occiden tale 1 1
Opellina aulogaster 1
Terebellidae A 2
Terebellidae B 1
Bivalves
Saxostria echinata (0.32) (0}3) (0_3;) (0-2) (0.2)
Musculista semhousia (0.0?) 1
Mitilus edulis (0.32)

Ctenoides lischkei
Arcopsis symetrica

Gastropoda
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#8. A%,

Table 8. Continued.

Month
Species 6 7 8 9 10 11
Sdakuraeolis enosimensis 32
Mitrella bicinata 1 3
Papyriscala yokoyamai 1
Pleurobranchaea japonica 1
Dendronotus frondosus 1
Others
Dakaria subovoidea (13_25) |
) 1
lTodict yum sp. ©.15) | 1 1
Ichnochiton comptus 1 go.z). 1
Amphiporus sp. 4 5 3
Prosthiost omum sp. 12 & 12 1
Stylochus ijimai 3 36 48 4
2 5 11 132 15
Anthopleura sp. oy | ° 0.4 (305 |62 | !
Didomnum sp. 1 1
w a
Enedrias nebulosus 1 2
(larvae) . u
Tubularia mesembryanthenum '
5
Styela clava 326 %‘0.3)
. 2 2 1 33
Dynamena sp (4.55) 20.1) (2.48)
Ci ntestinalis 1. 8. . 3 14 .
iona intestinali oD 3o o | Go
Styela plicata 3(0.63)




tignatha = A1 AA Y Fdstel ofx o2 @ES o Tg on BEREo) Sdsh
A g Aol Sdoldsh HBERs 18&og knY 6¥3 8oy
MA ol e . falcata7t WHEF Z33tE Zlo) FPo} &F 2w 7haksglet

THolle & 28%@°] 2¥3le 1040l 4 2o H7IEH Y edl ZHEAKEAY Saxo
strea echinata (31 A ), KL=5H2l Sakuraeolis enosimensis (32 7)), 8] =&
%9 Tubularia mesenbryanthenum 3 Dynamena sp., BN FQ Ciona intesti-
nalis 5ol 2ol AU &E J. falcata = 28,885 7HA 2 KBAES °]
£9 o Ch. challengeri 5 4,603 7|3 2 Z7lstdch. 3§ B. trigonus & 1
»363 WA 7} 2H3l 12.9 %9 BES 71 S3t9ct. H. ezoensis & MNA57t 12
Ax2 Zaddodt gEAAE 7.5 %2 F7H5H5 ek

8Yoll = 7ol KBES /. falcatast W HE 4B wet HA TN #H
A3t ZFaddE ot mEelAE "t ek J. falcata 9t SHRAAAR
Co. acherusicum., Erictonius brasiliensis & W35 4439 2 3&9 Cap
rella spp. E A3 ZoEYUrt B. trigonus = NA+E 47t A4S H R g
NA A7) 7 HE8 F7tskd 26.56 %2 HxE BYP H. ezoensis & 22.5 %9

(=3

AEE vehdle] o] F o] HAM Y 50 %ol 77 A x5 HHsz Ut &
3 8Yolle o& EFt ERHH Xt Yol Frkst £33 HA st A2
HE= et 8Yo] AsE @EFolA Styela clava. Styela Plicata 5L o
o HAME2 FQ3l ) HHQ Dakaria subovoidea 7} ¥ A3 B. am
phitrite7t FHY 2 FEE utsie,

9ol 8Ys} Al BAo mERT vebd ot A ok EEUE F7HY
Faddot & HEEEE 2580 Qo ZHRMA Mitilus edulis, +BE
ol Hemigrapsus sinensis 5 vl xd KE@E S0 A Zo] Fr7=E U D. Subovoi-
dea, Stylochus ijimai 5& WA= X oty BIEEH Anthopleura sp. .7}
HA 3 Z7rstgct. b B. amphitrite v 15.8 %9 HES Hebdo] o HE

—_— 48__.



M-S F535 3 H. ezoensis © 8.3 %9 #HEES el AAcg 8 Y=
o] -9~ FAF5H o},
104 94 947 vlcdt BAR 2 BEES 7 Ssigch A 2o 2H

opN

F EHUE AL g ot 3 Caprella spp. 7} A& Fdska £ A 8,
9ol k7k4 YEbH B. amphitrite 7t £E3 o] EYo2 55U 9o
H. ezoensis AL o] Z71sled 16.4 %9 #HES JYehld = B. trigon-
us £ 12.39 %9 HEZ 7125t H. czoensis o HEZF S743 AL @E@Y
3717 F7bsk 7] Wgol s o] e (EgsEt S AL 9 Yol HEd Fito
2 qlste] EZol YAEC UE FEEESel olgd £40 v Hez 7 F
W 28] F83 4L ohdzzm b

L
U

11 Yoll = 9Yell vl3te 9 Mol o &% 3k 33 @S 7] St 24p717F & 3
o] mARE et o ERBlAE Ch challengeri & A 2F A S
fiE=l o] HA3 S7tetsiel, @EBUF 5ol d AL Wi SYHA @Eol 5%
ARTHE SOl KMES] WHel Zllske ek B. trigomus & {ERECL
AR g 13.15 %] BEE e AL H. ezoensis & 90 % o] o] 4H 3

of 0.45 %9 wlFet HEE Hehldow 3 =k F 7l Dyrnamena sp. 7} 33 co-
lony, 2.48 %°| #ES Ueblz Ci. intestinalis = 14 A 2.8 %2 #HE
E el ook H. ezoensis & 10YE v 2 FAH3] #Aastfdes ol 2
Aol 73 B. trigonusoll 9ste] Waiwr] =fFolet Yzt

1242 HERS FA2 Basta] Xsisd et

giH Ao B EHbK SEEEel olA (AEEEESme 23 e BREel A
Al %d38 A} Dexiospira sp. 7} A3 vehbA] o4 AL Astne WKBES
vl %3t Fdeldct. Ed /. falcata o] KB4EL BHKERA ARG AF2
A HBoE KFW HERWHI el BWel 3d 4 U 2AWEL
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2 Q7tsln], 89U~ 104l H. ezoensis 7} To| WEE A Eumida sang-
uinea, Anaitides koreana Hamathoe imbricata, Typosyliis sp., Nereis

multignatha 5 vl K Ao Frl FF3] 28 7ol EHelnt,

2. RAETLY EEDHEES BB

HERERA oA FAR 7 F AL Bukooh BEEABEEKE S o] v
=3 FEog FUtRAIR EAEM 8YUelA FEHE W2 FB YU (
ZE4).

Bokmol 4 533 31 £ 149 = 648H FE3 Frhsted 5HYH
l 10¥el 35f@7HA Fvhek F 11¥Yel 26@o 2 Fasigioizt 129 o)A
ez Fristd dwty o2 @AWY =270 MY EEHH EEE
b (Yi 1975, Lee 1976) o} PIx® A &g yebd wbd BEbAEEEHA 4= &K
Biel Holze A7l 8YRH MBI M FolEl 7Y 8Y9e 28fE0)
A 10Yole 2402 FUctt 2% oA dE5so 1Yo 2388 fukad

B 3BEE VIS Rd. @ Hkned de HBREHOT N $ UFstd
3 F 1Y 6ol 11/, T 158 7| 53 & a3ty 9o 98
° 2 HAAFEL Holtrt oA Frteld 12YelE 23k FoMhAlch. M
dAdE BHAKESEIA HEKEHS sl & 2RE JebllAg ERe #Egst
ol - elglE dolny, ZalX o dof e EHS W= WAL

olof ultdle] colony & A= HEL 43 F HEEBEKS #LE vz
el Wl 7ol BBEKBEEIE Bl A g a

ta 7} KBSt MEEEIE 49AE dE A Ao koot @k
HEE 7 2 Aol E WA v AW (2d5).

ol Jasa falca-
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a4, ZFH KABER RAD, HAD D BHA BEREKS 43 2
ol 2 EEHWIEEY Y WK %k (1985.6 ~ 1985.12 ).

Fig. 4. Monthly variations of sp2cies number on the experi-
mental plates at intake, discharge and thermally
attered area of Samcheonpo Power Plant (1985, 6~
1985. 12),
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NUMBER OF ORGANISMS( /400cm?)

@®: Intake area
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285, =F# KNBEH KO, ko ¥ @EEK EEHER dag 2at
ol 23 EEHYIEEY Y FEERe Bk (1985.6 ~ 1985.12).

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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gknsl 39 oA oz BAOS BEAKKERS 1/305 EREE 7S
e EREGA 2 W 2 B KBS 3EY zAXHe EF FAR A
Fo Uehiz = o] WEMS WiLsh o Aolw oy d4e HAGe
Mad meA 288 A $8F st dehd Aetn weAdh

i sgEne 455 ¥ RADY ohE APu 43 B ghg vl 9

i

o ol& mEEERS EEd F2F F 94 Sold dA4L ok zEu Bk
oo} BEkKEER] ol AblEE EEEMHEES Y s AL F5F nhst
(286 ).

TYoll @ KBEBE RS BEEEHERCL & AL old KB4 Jasa falca-
ta®] S P JAoE A £ AT A& Aol HY AHYE 2 W A
Ao 7 WECR & ¢ Q. BHARKESS Ao EEXE= AT
4cddl 5ol 9Y7AY BmARABEEME ¥ ¥ FF F 2T A5 ot
AE ¢ FAt FF AN KBERE 92 st 27490 dBsdn
FE¢ + Atk

H KOS WEEEERS HaEHE 2/ YnkE o] FAZ o Bk kK
BiERS EEEMEERS 2 #eEBrt d2%dgs AS ¢ 7 Aok, =34 &
SRARES] BbERET BHiket WA A Aotz F2F F don #@H
EHEEEe Ao Holv 2 J9 BEERCE AHydtdor ¥ ol

ol2{gt 7t LR HsE A% By B welsiAch. Bk ook @k
KEBES FSE ol ¢ Aedl (29 7)), olad A4 BHAER
oAM= FHE 24 Fol vz Yoo mAmelAE 7 WRES I EEE
T UEIt AETe AS deld Fo. i FEES  EohE e 4 B8
E@ol MBS BEel feldl Fgdcty AT FE Jos 2 9L B
KAM R 5 v Aol =3 FMADS FE5E HITHS  249% ¥
olEATY A BHAKERS FEE Smgd v 4% BEEBS JdguE
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0.4 @®: Intake area
B: Thermally altered area
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2¥ 6. STFH KDBEF BAD, BAD ¥ BHEKA BKHERS YA $3
Hol 8T EEDMILES Y2 WM HHS) L (1985.6~
1985.12).

Fig. 6. Monthly variations of diversity index on the experi-
mental plates at intake, discharge and thermally
altered area of Samcheonpo Power Plant (1985, 6-

1985, 12).
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@®: Intake area
B: Thermally altered area

A: Discharge area
0.8
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28 7. =T/ KHBRER RO, 8Kk0 ¥ EHK EAEmR A3 $ia
of 23 EEEMWIEHES U S5 sk (1985.6 ~ 1985.12 ).

Fig. 7. Monthly variations of dominance index on the experi-
mental plates at intake, discharge and thermally
altered area of Samcheonpo Power Plant (1985, 6-
1985. 12),
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Ag & & 9ok

¥ kKool QoA EEEHERT 2 #HshEe] A§ H
24 YAl 0.B2 HAcldet AAHe R FAhsn Ak P4E Wb oE F
% z2rlol Y AMS R BED EEEH Adetr] A 2o AL AR

Ho 2 EEAMHEC] F4He) At o @2 e A g de 270

e
JZ'..
&)
—r
o
o

A7 o Fole =¥ #EEES & 9 0.750] 39 & depls AL gz

Al 4 Aolde 4 e 449 @EEd mmel F45% AdE AL T &

30
*

7 zAAAN A A 4HE s BHES AN BHREeR Fon
BELES £ A3 2 AHEE FEsehe(2Y 8).

BUKO el 4 AH 7 46.5% BUEE deiz dsem HANE 6
799l 65.6%0 ek, d WEXHMERS 4E 89 9Yo) 58.6%%2 7
4 frstgon AL 41% F29 fAbgol Addeh. o F HAnY 1290
BEAKHKERS 69, U5 3% FE9 FUES ¥ AL FLE B

3 gkOE 1093 1190 66.7%9) MUEE 2gx 1292 A48 A
A7 B.5%FE MUEE A Fod o199 Gprse) obd spise U
e e 4 F A

3. WEF BHAY} EEBHEE] A B8
BEESHHES $EF0) AU o Fotd AREBWEE ¥R =aT 5ol
7] W 2ol , 2 mmmMtol We BEE %u b U Ao AL 5
3 mEmd A3 4ol ach olee S LofAge] 44D FHNE
HS 3 2096 4 4she MEIA A Rob ¥ & A
zARde] 445t MEE dA4oE BEAR BHAY BEE 433 FH g
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( Numbers indicate months, I: Intake area, D: Discharge area;T: Thermally altered area.)

28 8. =T KHFEH BkD, PEKkO ¥ K BRIl dA3 fatg o FHE

By R Yy mEpeE. (1985.6 ~ 1985.12),

Fig.8. Monthly variations of percentage similarity on the experimental

plates at intake, discharge, and thermally altered area of
Samcheonpo Power Plant (1985. 6-1985. 12).



o1 AR AL BEHAN A M2 E A LBHEY BES FADC  oju
AE A5stee 2ot
BAD ol NE T BES LAY 2% 2mo WED 52: BHAS AKX
of $EST wel woul , EHANKESN AL F71S BELAYEY wEdo
A4e % A

A 24 A0 EE 2AAY Ehes 2USHE ML Hdos 2 o
274 544 44 5 4 Aeh

Chthamalus challengeri= S-=liel s AN da FI3}E HoR HEEK
FH BEHR FHE FAECeE FHvks @olth (58, B, W 1983). o @
BWEo] of & 72357 o Foll Bk HEE A Ut EoR 474 G
challengeri o HRAFe)Z Hod WP KE 714 fol £F3tzn Hokoo4 7t
A dokenl (239 ), ole Bk KEor AT AMcoE Hikoeld g
KR Qlated (hao] syl FE0] A FoF MzsEt £E2 o] fx i
RFE BRgol ol 7t HAIE 2 W|EC] 13 Aol Sl HEW ol MEEK
F#iol MAsHY dE Adx mHdol AT WPBEKERS B Es) ko
Hot 2 AL 2k A o dsle adkx adz & 5= Al

g 2zl A Ch. chaliengeri = W1 F 23] Akste Ao] #Weizled F
BAAE 697 109 Aol 2 Yetes, BHAKERAAE 7HE FERAT
7boF 119 A wE X3he, ol WA LR =tz AsAVE $—ARS] A
Toz A4

Balanus trigonus = Ch. challengeri 9} v]==3}z|ab A 7]7} 5~ 64 13]
vlo = w25 R] USkch. &3 Balamus amphitite £ HrkOol 4 swks]  ®ol
].

Walsle 9 F @ £L o 25 o|Fch. Dexiospira sp. £ ko 43 &
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cH: Chthanalus challengeri, BT: Balanus trigonus, BA: B, amphitrite, DA: Dezioepira sp., RY: Hyaroides emcensie, SA: Sarostriu echin
JA: Jasa faleata, CA: Corophiwm acherusicum, CP: Caprella spp., PO: Polychaeta other than HY, BY: Bryozoa colony.

28 9. =FH KHBER KO, SO ¥ BHK EEER 43 i
283 £9 To) W HE 2 (1985.6 ~ 1985.12 ),

Fig. 9. Occurrence of some important species of zoobenthos on the
experiment plates at intake, discharge and thermally altered
area of Samcheonpo Power Plant (1985. 6-1985. 12).



dste] @ES JFE wo] B Aoz Azs|oxo] Hydroides ezoensis= i§
KR So]l F-FsiHn HEAR HE F3str e dd5E,
HA4RE d4ste dAR o154 AAYolFE H. ewensis o} v5gh ¥
A E vheRd o 2loi .

oleigt AHd S T & A, BHAY = FE EESHHREE) BES 83
T Ae AL Aol 2 Axg s TEsIE §E.

=FH KNBERY B WRAOG BHAEET) o= Ax SmEEY =R
T AT A, A ARES BAKES] o 4 Jdegdzn Ao 4

i

A4l dAdie A Aotz & F Y. FH grkpedAE w2 BE, I Kk
o Egoz BERC ¢ wFH o, AHRT AU ole HKnol
A9 SAA Felw =z WAo]l dvtsla]l o] Wfol & FA} & F&
S Zolgh, waby Ritge] ¥k EESHYWS A Pl A 2 A BE &9
3 299 AXYo)lFE Aoy skl AT pwe 03y £HBS
M7l e AFE depdata ¥ F Qe

v A gk Hodo Aol X utk EEkS AlSAH mHE KBS BEEXES 7
A7 AY Jol &9 ofg ZAaAln HREAE FXAE 2FE 25
& &}, olo] wat EEEEIWo] ek #EsESHA vk ( Dickson 1975 , Miller et al.
1976 ) EEFE7F Z4dte B (Elake et al. )x FF 7] o Foll 793t
ook Zhoh. MAOS BEEABEESS WaT W BAHS EEV BSHEEER
7b EEE kR T A dEbvte A2 Bl Aol BHEAT = AR ¥
S o)Az Yopam Mool & Hol),

ot ¥ 3o

o|N
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B M E 5 i

19853 54 HEH 1986 1U7A =F@ KHBERE NI 3l BE
FrRsEA7 EEBYA "e dF 2 ge o3 2ok

=FH KIBER A0S KBS BitkEmERs Fukagd 77 6~7Cs%
3~4T ¥%od 7 ERE A8Y HARSH M Edm ALHA AHF %
c}.

BoKoRe #MEENS 3.28~29.53mg C/M 'hEX HAn — 2.35~ 10.
8mg Cm/h ¥k xgkch. dtH Aol @ 118ole 2318 Hknd #
AES] koo Eoked ole Aol et BER JAAL] 9 st
de AHEE KB EFoZ sl Y3t olYe] ¥ F & Udke AL A
3 Fct.

A A o2 & df ZAPIHE LA 4L JAA Sl AFE%a L] Mtk EH o
A= B 6.2~36.8%2 #Heolw ole vl BEABY AEHY ux
4 o KAk 3hao wals ofo)th,

ZA7ZE Fabdel 2Ed EEHWS F 81Mollon HuAndA 584,
Bekool 4 35 % , MK EER A 53 #0] FHsH o 4AWEL  EHHIKE
BE el A ket

BAEERENE & o Bko BHkEmERZTS bl g B 5 leon
EEmRe) WE 2499 7HAS Fxn oulsdA dsistEd oy £ A A7
BEXREZ} JF4Told ZA7IF AT F&9 77t ¢ 2C el Ae 7
ord o EEEkS HEoR AF AR B FE Ut

Y BEES 2T o Rkoe o= AX obdd BmEgs FFoldod
BHABREER A= 452 #hfo] F3ol velvdz 9ol F99 HEERO| 4+



9 el fdshl Jdein gt Ae T 4 AN

BEAOIRel 4 e M LES vehd AL BEY wEYCHE @HAY wE
ool elsted 237 $4S0] Faolx 2@ Aoz 4z

A Ho2 & o wbda Yzbd Sol % HWL Ep kS B YO
£MES ot ARHE Zeishd L SAE GBS bt FL LEE BMEE
AER S Q57 s 328 $BE o2 ANt
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