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PREFACE

The Coastal Laboratory of the Swedish Environmental Protection Agency is responsible

for monitoring the ecological effects caused by the use of cooling-water by the Swedish

nuclear power stations. The investigations at the Oskarshamn Nuclear Power Station

have been in progress since 1963 and have had a major ecological coverage but during

the 1980's they have largely been concentrated on fish and bottom fauna.

The present report is a summary of several articles and deals with investigations during

the 1980's. It has been prepared mainly for control authorities and the power industry,

and for fishery and marine biologists.

Öregrund, November 1990

Erik Neuman
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SUMMARY

The Oscarshamn IWcr Station consists of three nuclear reactors. of which the first came

into production in 1972 and the last in 19S5. The power station uses large volumes of

cooling-water: altogether 1(K) in7s is heated 10 C. During the 1970's. the investigations

of the ecoiogical effects of the use of cooling-water had a wide average, whereas during

the 1980s, the years treated here, the investigations have mainly been concentrated on

fish and bottom fauna.

The temperature increase stimulates growth of many organisms and causes attraction.

The cooling-water plume and the counter-currents it causes increase the transports of

nourishment. The concentration of nourishment in different ways contributes to increased

production further up in the food chains and strengthens the attraction of fish.

The losses of fish in the cooling system have been relatively small. The parasitization

frequency of eels in the receiving bay is extremely high, but otherw ise there have been

no abnormal disease or parasite attacks. Disturbances to the reproduction of fish in the

heated water are present. The importance of this, particularly for surrounding areas,

should be investigated within the continued monitoring.



INTRODUCTION

The Oskarshamn Nuclear Power Station, located at the Baltic coast of Sweden 20 km

NNE of Oskarshamn (Fig. 1, on the last page), consists of three reactors, of which the

first entered full operation in 1972 and the last in 1985. The power station uses large

volumes of cooling-water; a total of 100 mVs is heated about 10°C. The ecological

effects of the use of cooling-water are being studied by the Swedish Environmental

Protection Agency. Following the completion of a preliminary period for the two first

reactors, a summary (Grimas and Neuman, 1979) of 24 articles together with a special

summary (Neuman, 1979a) of 11 papers concerning fish was written. During the

1980's, the investigations have been continued in order to examine the long-term effects

of the two first reactors and the short-term effects of the third. Following the summan'

in 1979. the Swedish Environmental Protection Agency has published several reports

and two short summaries (Andersson, 1982 and 1987). The present summary deals with

the biological investigations throughout the 198()'s. These have been on a narrower

basis than formerly and following the registration of the immediate effects following the

start of Reactor III a further concentration towards long-term effects has now taken

place.

The summary is mainly based on published reports and those that are presently in

manuscript form. In addition, results of recently conducted processing which has not yet

been reported in other contexts are also presented. The presentation is divided into the

main parts of the control programme: Losses of organisms in the filtering stations.

Vegetation, Bottom fauna and Fish. In relevant situations, a description is given of

results of parallel investigations conducted in a reference area, 65 km to the north.

However, the summary opens with the basic Tacts concerning the cooling-water.

THE COOLING-WATER

The time when the three reactors were started, their electrical output and their

consumption of cooling-water are shown below.

Stan Effect MW Cooling-water, m3/s

Reactor I January -72 460 22

Reactor II December-74 615 28

Reactor III March-85 1 110 50

Intake and discharge of cooling-water mainly affects an open area of coastline along the

northern part of Kalmarsund (Figure 1). The salinity is ca T/cc and the currents weak,

mainly caused by wind. The surface water may reach a temperature of 20°C, increasing

to about 25°C in protected bays. Open areas have been ice-covered in five winters

during the 1980's.



The cooling-water for the two first reactors is taken in at the surface slightly to the south

of the power station, whereas a bottom intake at a depth of IS m to the east of the power

station is used for the third reactor (Fig. 1). All ux>Iing-water is taken thrixigh tunnels to a

D.I7 km: bay, liamncfarden Bay. In this bay. depths between two and five metres are

prevailing. Its single link with surrounding water is a sound with a threshold depth of three

metres. Hamnehålet, which was widened from thirty to fifty metres during the autumn of

1981. In this sound the current speed is about 1 m/s and the excess temperature about K) C

when the power station is working at full production. The inner pan of Hamnefjärden

Bay is a backwater with weak currents and, furthest in, lower excess temperatures.

The cooling-water is rapidly mixed in the waters of the open coast off Hamnehålet. This

process has been investigated by the Swedish Metereological and Hydrological Institute

(Wickström, 1990). In the mixing area, there are excess temperatures of 4-5°C and the

cooling-water normally reaches a depth of 6-8 m. Further out, the vertical extent of the

water decreases to 1 -2 m in the outer edges of the plume of cooling-water. The plume is

defined as water with a temperature increase caused by the power station of at least 1°C;

lower excess temperatures are difficult to measure. Its situation varies considerably with

wind direction. The total area which on any occasion might be influenced by excess

temperatures of I°C when the power station is working fully is about 15 km2 (Fig. 1).

In the archipelago immediately to the south of the cooling-water intake for the first reac-

tors, excess temperatures of 2-3°C have been measured whereas the average increase is

estimated to 0.5°C. The archipleago to the north of Kråkelund is reached in exceptional

cases by heated water. When the temperature in the receiving body of water is below the

temperature for the water's density maximum — in this case 2.5°C — the plume some-

times sinks to the bottom or becomes stratified at an intermediate level.

LOSSES OF ORGANISMS IN THE FILTER STATIONS

During the 1970 s. studies were made of the losses in the cooling system of both plankton

(Gundersen, 1979; Karås, 1978) and fish (Karås, 1979). Subsequently, the controls have

been restricted to fish.The approaches in these studies have been described by Andersson

(1983 for the first two reactors, and 1990a for the third reactor).The controls of Reactors I

and II is only done during the night but the observations are then assumed to apply to

the whole 24 h period. For nocturnal species such as eel, this implies an over-estimation.

Table 1 shows the average annual losses during 1984-1989 for the five most common

species. There is no information from Reactor I in 1987 or from Reactor II in April of

that year.



Table 1.

RI
RH
Total

Annual mean values for the number of

Reactors I

Herring
33 (XX)

160 000
193 (XX)

and II during

Perch
2 900

600
3 500

1984-1989.

Roach
16(X)

3(X)
1900

fish lost in

Flounder
200
600
800

the filter stations for

Eel<4()cm Lel>40cm
300 2(X)
100 100
4(X) 3(X)

Herring has been by far the most common species with an estimated annual loss of

about 2(K) (XX) individuals. Most of these losses take place during the spawning in the

spring. The damage is considered to be of minor importance; catches of herring in the

immediate vicinity have increased strongly during the relevant period (Andersson &

Karås, 1990). For other species, relatively few individuals have been registered- With

regard to the weak recruiting and the high efficiency of the fishing, the annual loss of

about 7(X) eels may be of some importance for the local fisheries.

In order to. e.g.. minimize the losses of fish, the cooling-water for the third reactor is

taken in through a bottom intake located slightly more than 3(X) metres from land (Fig. 1).

The aim has been successfully achieved: very small amounts of fish go in through this

intake (Andersson, 1990a).

VEGETATION

During the 1970 s the sessile vegetation at Simpevarp was mapped (Andersson &

Karås, 1979; Nyquist, 1979). The investigations have been followed-up by aerial photo-

graphy of the submersed vegetation in 1982 and 198S (Nyquist, 1984,1990) and by an

inventory of the emersed vegetation in Hamnefärden Bay in 1985 (Renström, 1987).

The composition and extent of the vegetation hus not changed to any great extent since

the first mapping in 1970. The common reed {Phragmitcs aiistralis) has increased its

distribution slightly and the heating of the water increases its growth rate considerably

(Andersson & Karås, 1979). The decrease in the stand of bulrushes (Scirpiis ) that was

found in 1977 has not continued.

The aerial photography documents vegetation down to a depth of a few metres, i.e.,

mainly the belt of bladder wrack. This had disappeared fiom Hamnehålet already in 19S2.

and subsequently it has thinned-out to the north and south of this locality. No major

changes have, however, been documented along the east coast of the Simpevarp penin-

sula following the start of Reactor III; the belt of wrack is still denser here than at other

investigated localities in the area. In the archipelago to the south of Simpevarp it was not

possible to find any changes in the area of bladder wrack in 1988, but the occurrence of

more finely branched algae had increased and the conditon of the bladder wrack appeared

to be poorer than formerly. This probably depends on the increased eutrophicaiion of

the Baltic and on natural variations in, e.g., temperature and ice conditions.



BOTTOM I-Al NA

The animal communities of the soft bottoms in Hamncfjärdcn Hay have been studied by

means of five samplings since 1972 (Mo. 19lM)). The current of cooling-water provides a

considerable addition of organic material here (Ciundersen. 1979). which is utilized by

the bottom fauna. Increased food availability and direct physiological effects of the

temperature increase haw fcd to a strong increase in the number of bottom animals i lig. 2).

ind/m*
20 000

15 000

10 000

5000

1972 1973

f l inner part, SW

1977 1981 1986

H outer part

Figure 2. Number of bottom animals/ni in Hamncfjärdcn Bay, 1972-1986.

However, negative influences have been found as regards cold-water species, e.g.

Macoma baltica, which has difficulty in growing in high temperatures. In 1972 the species

dominated (as regards weight) most of the bay, whereas today only small individuals

can be found.

In the western part of the bay, which constitutes a backwater inside the cooling-water

discharge point, the abundance at the latest sampling (19X6) had decreased in comparison

with 19X1, and the sediment had an odour of hydrogen sulphide. Deficiency of oxygen

had clearly been present in the bottoms. A small number of species (Table 2) and a large

dominance of larvae of chironomids, which rapidly colonize dead bottoms, also indicate

that disturbances occur. In the outer part of Hamnefjärden Bay, where the current is

strong and, consequently, whore the oxygen supply is good, the number of animals

(mainly Nereis diversicolor) has increased, more or less continuously (I'ig. 2). A marked

exception occurred in 1977 when largely sriails (llxdrobia) were eliminated. A possible

explanation is that the start of Reactor II cajiscd a sedimentation before the bottom was

later flushed clean.

' in



A comparison between the fauna at the tour sampling stations (Fig. i > in i986 shows

that biomass and species richness is considerably larger in the outer part of Hamnefjärden

than in the inner part. The differences in abundance were considerably smaller, which

demonstrate that small, frequently shurt-lived. animals dominate at the inner stations.

The sampling station immediately off the discharge point has an intermediate position.

Table 2. Bottom fauna in Hamnefjärden Bay 1986.

Inner part. SW
Inner part. N
Central part
Outer part

Biomass (g/irr)
1.9
3.3

14.7
17.0

Species no./sample
4.3
4.1
7.2

10.8

Individuals/™
5 500
5 600
3 600
8 600

In the open coastal area off Hamnefjärden Bay and in the reference area the soft bottom

fauna bas been studied annually since 1962 (Grimas. 1979: Smith, 1984; Mo. 1990).

The abundances have shown dramatic annual variations but they have generally been

similar between areas. The abundances were high during the 1960s and then decreased

to very low values in 1976-77 before again climbing to the highest level found hitherto

during the end of the 1980's. The average number of species per sample has varied

considerably less. Before 1979 it was approximately the same at the site to the south of

the mouth of Hamnefjärden Bay (22-24 m deep. Fig. 1) as at the corresponding site in

the reference area; subsequently it has, however, almost doubled at the Simpevarp site

but has remained at the former level in the reference area (Fig. 3). Further, since 1986

the bicmassat Simpevarp has increased hut not in the reference area (Fig.4). The increased

current off Simpevarp probably favoured the dispersal of larvae of several species and

the transport of nourishment with the cooling-water should be an advantage for pnxluctioa

At this depth, there are no direct temperature effects other than occasionally during the

winter.

no. species/sample

10-

8~

6 -

4-

2

0

Simpevarp
reference area

^ / v -̂v w_

1962 65 70 75 80

Figure .•?. The number of bottom animal species per sample at 24 metres. 1962-1989.

85 89
year
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100- :
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Simpevarp. spring values
Simpevarp, autumn values

1989
year

reference area, spring values
reference area, autumn values

Figure 4. Biomass at 24 metres. 1984-1989.

FISH

For several reasons, fish have a major role in the monitoring programme. Since they are

either attracted to or avoid the cooling-water, the effects have a greater geographical

extent than in organisms with lower mobility. The mobility also has the result that the

risk of serious losses in the filtering stations is greater than for other organisms. Further,

fish have many advantages as indicators of environmental disturbances, e.g., the fish

fauna integrate effects on lower levels in the ecosystem. Finally, the fishery activities

naturally justify monitoring inputs.

During the 1970's a wide spectrum of changes in Hamnefjärden Bay were observed,

whereas the only noticeable effect outside this area concerned attraction and early

spawning of herring. Together with data in the literature, the results provided a basis for

the classification of the fish fauna into cold- and warm-water species, i.e., species that

have their physiological optima in low or high temperatures and. consequently, avoid or

arc attracted to warm-water (Neuman, 1983). In general, it may be said that cold-water

species avoid temperatures above 10-l.VC whereas the optimum of warm-water species

is above 20°C. It should be emphasized that discharges of warm-water during the cold

part of the year may be expected to also attract cold-water species.

During the 19X0's, the investigations have mainly been concentrated on long-term

changes, but special inputs have also been made loclarify ihc short a rm con-ccititiKcs

of the start of Reactor I I I . The main part of the programme consisted of muiiiiorin;.'

12



variations in abundance using gill net fishing. Some of them have run in parallel in

several areas at Simpevarp and at the reference area since 1963. Among other investiga-

tions, it may be mentioned that the catches are routinely investigated with regard to

external, visible symptoms of disease. The age composition and growth rate of perch

and roach has been studied since the sun of the investigations. The attraction of herring,

its spawning and production of fry has been studied in detail. Release of eel fr\ . <

Hamnefjärden Eay has provided material for growth studies, etc. Outside the bay, the

eel fishing, as well as other commercial fishing, has been studied by means of daily

catch registration.

Comprehensive processing of the material has been made. In the present context, a

summary is foremost given of cases where obvious changes have been confirmed to be

a result of the power station's operation. The species concerned are mainly perch and

roach, which dominate the fish communities of the shallow bottoms, the most common

fish in the open water, herring, and the economically important eel. A short rcount for

catches of bottom fish that are common off Hamnehålet — cod, sea scorpion and vivi-

parous blenny — is also given.

Perch

Since perch is a warm-water species, it was expected to be attracted to Hamnefjärden

Bay. The control offish migration through Hamnehålet that was made during 1970-73,

i.e., the period around the start of Reactor I, showed that no particular attraction took

place (Neuman, 1979b). The reason for this was probably the extremely strong tempera-

ture gradients in Hamnehålet. An exchange with the surrounding water does, however,

occur which is revealed by the net catches in the inner part of Hamnefjärden Bay largely

co-varying with those outside the bay. The largest migrations take place during the

spring, when Hamnefjärden Bay is utilized as a spawning area. The abundance of

young-of-the-year in the bay increased during 1971-76 and has been high subsequently

in most years; the year-classes do not follow the natural variations outside the bay

(Böhling et al., 1990). Consequently an increase of the stock in Hamnefjärden Bay may

be expected. Indications that this would be the case can be found in the test fishings

during April-June, when the catches in Hamnefjärden Bay during the 19X()'s developed

better than in the rest of the Simpevarp area (Fig. 5). That this concerns fish that diverge

from the surrounding area is indicated by a considerably higher mean weight.

The occurrence of perch and the variations in year-class size at Simpevarp were com-

pared with those in the reference area (Böhling et al., 1990). Apart from Hamnefjärden

Bay, the year-classes co-vary well and also largely the catches. However, foremost

during the 1980's, the catches in the area around the intake to the power station have

developed slightly better than in the other areas off Hamnefjärden Bay. This might

possibly be explained by the supply of large and vigorous fry from the bay.



1966 70 75 85 ye a r

inner parts of Hamnefjärden Bay
subareas 1,2 and 4

. i . i , i . i . i . i , i , i , i , i , i , i , i . i , i . i . i . i . i , i . i . i .

85 year

Figure 5. Catches of perch in April-June during 1966-88. Number/net and night, and
mean weights.

The growth of perch has been studied both by means of catches of young-of-the-year

fry and by means of annual rings on the gill cover. By back calculation, it is possible to

determine the growth in a certain year by measuring the space between the annual rings,

which are in a known relationship to body length. The growth rate of perch will be

reported in relative detail partly since the results are spectacular, but also since the

species may be regarded as a model for other warm-water species.

As early as the start of Reactor I, there was an increase in the growth rate of perch in

Hamnefjärden Bay during their first year of life (Karås & Neuman, 1981). During the

late 1980's the fry here were about 50% heavier than in a nearby bay without any in-

fluence of the c(K)ling-water. This certainly leads to a higher survival (Karås, 1987).

In older fish, it was not possible to find any significant increase in the growth rate in

Hamnefjärden Bay during the 1970's, only an earlier start of the growing season. This

was surprising, since the temperature increment for this warm-water species should lead

to a considerably faster growth. The reason is probably found in the sampling taking

place in May-June, when fish from other areas migrate into Hainnefjärden Bay for

spawning.

14



In order to provide information on fish that are more or less stationary in the hay, samp-

les have been taken since 1984 during the wannest part of the year, August-September.

There are numerous, very large perch — exceeding 1 kg — in Hamnefjärden Bay

whereas in the growth material from the rest of the Simpevarp area and in the reference

area during 1984-89 there are only one of about 3 (XX). Special samplings of such fish

have also been made. Growth in the normal late-summer material has been clearly faster

•— at least during the 1980s — than in fish collected during the same time of the year

from the archipelago to the south of Simpevarp and from the reference area, whereas in

the larger perch it has been even faster (Fig. 6). In Hamnefjirden Bay, the length growth

does not decrease as in the normal situation after the fourth or fifth year. The differences

in weight are, naturally, considerably larger than those in length (Fig. 6). A six-year-old

"large perch" from Hamnefjärden Bay is, e.g., almost ten times larger than a perch of

similar age from the reference area. The largest perch caught in Hamnefjärden Bay

weighed 2.9 kg and was only nine years old.

Production of spawn and milt compete with body growth for tht\ disposable energy. In

the Biotest Basin at Forsmark, where the temperature conditions-are simiiar to those at

Hamnefjärden, it has been more common than normal fo find thai ycung bir sexually-

mature fish did not produce spawn in some years. Similar conditions appear to apply in

Hamnefjärden; the proportion of sfWn-producing two-, three- arn^ four-year-olds in

1988 and 1989 was significantly lower than in the reference area. 1;ie rapid growth in

I Iamnefjärden may thus to some extent be conditioned by a lower energy supply to the

sexual organs. This situation may possibly have a negative effect or fry production.

length,
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Figured. The growth of perch (length 1979-88, weight 1988-89).
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Figure 6 shows a trend tor perch in the archipeiago to the south of Simpevarp to grow

faster at higher ages than in the reference area. This has been studied more closely by

comparing the length increment from the 6th to the 10th year of life for the entire period

nf investigation (Fig. 7). After standardization against the mean growth of relevant ages

in the reference area, these growth-years have been pooled. The growth has been on the

same level in the two areas and show good co-variation (r=0.95) up to 1979, after which

Simpevarp has been clearly higher than the reference area for several years >, 1981-84)

leading to a poorer correlation. The divergep.ee does not depend on the temperatures at

Simpevarp having increased in relation to those in the reference area. On the other hand,

the decreased difference in 1985-87 may probably be explained by the temperature in

these extremely cold summers decreasing considerably more at Simpevarp than in the

reference area. Under all circumstances, it is not possible to distinguish any effect of the

start of Reactor III in 1985.

standardized growth, %

2 0 0 -

150

100

50

60

Simpevarp

reference area

reference area mean - 100

65 70 75 80 85
year

Figure 7. Perch growth during the (nh-10th years of life, /9>V-/9<S7, in relation to
mean growth ( = 100) in the reference area.



Simpevarp
reference area

YEAR 7

mm mm

Figure 8. Distribution of perch length increment in the 6th and 7th years
of life during the 1980's.

The most probable explanation of the difference is that the change of fish between the

heated area in Hamnefjärden Bay and immediately outside the bay, and the surrounding

water, increased during the 1980's. As can be seen from Figure 8, it is not a low number

of extremely rapidly growing individuals that have caused the good growth at Simpe-

varp, but moderate divergences in many fish; probably the heated areas are utilized by

numerous fish for short periods.

Several investigations in warm-water discharges conducted in other countries and

reported in the early 197()'s suggest that the heating increased parasitic attacks of the

trematode genus Diplostomum. Similar observations were also made in Hamnefjärden

Bay (Stenbäck, 1979). The parasites may lead to decreased sight and even blindness in

fish. The symptoms are caused mainly by the parasitic larvae that live in the lens of the

eye. Investigations at the Oskarshamn and Forsmark Power Stations suggest that there

are at least two species at those places. Diplostomum baeri, which attacks perch, lives in

the vitreous body and is thus not such a hazard as regards sight. The results also show

that the infestation intensity in Hamnefjärden during the 198()'s was on a normal, relati-

vely stable level (Thulin 1984; Höglund & Thulin, 1988).

Roach

Despite the roach being a warm-water species, the migration control in Hamnehålet

showed, as also for perch, that attraction to the warm-water did not occur. Comparisons

between net catches at different localities in the Simpevarp area (Fig. 9) also suggest

that there was no attraction either to Hamnefjärden Bay or to the area immediately off

Hamnehålet (Subarea 3, Fig. 1) during the 1970's. After a minimum in 1983, however,

the catches increased considerably more in these areas than at places outside or on the

edge of the cold-water plume. The development was particularly dramatic in the subarea

off Hamnehålet which, through its exposure to the open sea, had previously not been a

good locality for roach. It is possible that the start of Reactor III in 1985 and the wide-

ning of Hamnehålet in 1981 created conditions for attraction. The increasing catch

cannot be explained by a local recruitment in Hamnefjärden Bay.

17
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Figure 9. Catches of roach in April-October 1966-8S. x) no fishing.

85 year 88

Soon after the start of Reactor I, the first year growth of roach in Hamnefjärden started to

increase (Karås & Neuman, 1981) and in 1984-89 they were about three times heavier

than in an adjacent reference bay. However, for older fish it has taken a long time before

clear differences appeared, in the same way as for perch; there can be no doubt that the

exchange with the surroundings is the most important explanation of this. In Hamne-

fjärden Bay differences to the situation in the reference area can be observed starting in

1982, and since 1986 these differences are large in fish that are older than eight-years

old (Table 3). That they are not seen in younger roach probably depends on these fish

not staying in the bay for longer periods. As regards the water off Hamnefjärden Bay,

it has not yet been possible to establish any divergences from the growth rate in the

reference area.

Table 3. Mean weights (g) of roach in 1988 and 1989.

Age when caught 5 6 7 8 9 10 11
Reference area 46 56 67 79 94 110 !25
Hamnefjärden Bay 68 66 70 83 188 246 264

What appears to be a large attraction to Hamnefjärden Bay during the latest years unfor-

tunately seems not only to lead to improved growth. There are indications that the

sexual organs of roach are damaged by the the high temperature. Similar effects appear

to be present in the Biotest Basin at Forsmark and in warm-water discharges in Lithuania.

This may be a reason for the number of roach fry in Hamnefjärden varying extremely

strongly from year to year.

18



Studies of the eye parasite Diplostomum have shown that roach are attacked by Diplo-

stomum spatliaccum, which lives in the lens and thus may damage sight. However,

during the 1980s the infestation in Hamnefjärden has been on a normal and fairly stable

level (Thulin, 1984; Thulin & Höglund, 1988). As regards other diseases, the most

common symptom is sores. Such disorders have been more than four-fold more common

during recent years in Hamnefjärden than outside the bay: the highest, but not ålänning,

frequency (2.4%) was found in 1989 (Thulin & Andersson, 1990).

Ed

Eel is a warm-water species which should be attracted to cooling-water discharges

where it would grow rapidly. There is a considerable attraction at the Barsebäck and

Ringhals Nuclear Power Stations (Neuman, 1983) but it is of a negligible extent at

Simpevarp (Thoresson & Neuman, 1979) where it is probably counteracted by the

strong temperature gradients in Hamnehålet (Neuman, 1979b) and the low abundance in

the area. One way of increasing the recruitment, that has deteriorated over long periods

as a result of decreased migration of juveniles to the Baltic, is to introduce eel fry

(elvers). Two experimental stockings of a total of about 20 (XX) elvers, many of them

radioactively marked, were made in 1982 and 1984 in Hamnefjärden Bay in order to

study whether cooling-water discharges can be utilized for extensive eel production

(Andersson, 1990b). The young eels had arrived from the Atlantic to the west coast of

Sweden during the same year they were released.

The occurrence of eels in Hamnefjärden Bay has been studied by means of fishing with

fyke nets. The catches decreased from 1976 to 1984 but increased in 1986. New routines

were introduced in 1988 which make comparisons difficult with earlier years, but it

appears clear that the abundance increased during the second half of the 1980's. To judge

by the professional fisheries, the development has been the opposite outside the heated

area.

Table 4. Number of eels per fishing station and night during April-September in

Hamnefjärden Bay.
1976 1982 1984 1986 1988 1989
0.40 0.33 028 0.45 0.69 0.54

The relatively good catches since 19X6 are probably a result of the stockings. In that

year and subsequently, the recaptures of marked eels have been considerable and their

length distribution has corresponded to that of the total catch (Fig. 10). In 1987-89 the

stocked eels made up at least 30% of the stock. The eels had, thus, remained in or close

to the warm-water and had a good survival. All eels that were sex-determined were

females, which is an advantage, since they remain longer in the stocking area and become

greater than the males.
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Figure 10. Recaptures of marked eels in relation to the test fishing catches.
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It is difficult to age-determine eels, but the release of marked fish has enabled us to study

the growth in Hamnefjärden Bay. As in other eel populations, it showed very strong

individual variations but, on average, amounted to about 7 cm per year calculated from

release until catching (3-7 years), which is better than the figures known from most

other European waters (Andersson, 1990b). The energy content of the eel in relation to

its length has also been investigated in both Hamnefjiirden and in the reference area

(Andersson et al., 1990). In this respect, the measures used were the condition, i.e., the

relationship between weight and length, as well as the fat content. The cooling-water

does not appear to have any particular influence; eels from Hamnefjärden Bay have

approximately the same condition and slightly higher fat contents than those in the

reference area.

As a result of an Asiatic eel parasite having an extremely rapid spread in Europe, eels

from Hamnefjärden Bay were subjected to a special study in 1987-89 (Höglund et al.,

1989; Thulin et al., 1989; Thulin & Andersson, 1990). The parasite, a round worm

belonging to the genus Anguillicola, lives in and may seriously injure the swimbladder.

No individuals were found in 1987, but in February 1988 the first registration was made

in Hamnefjärden. During the year, the proportion of infected eels increased to more than

60%, a level which remained in 1989; along other stretches of the coast, only occasional

infected individuals have been found. It thus appears as if the warm-water favours the

parasite. The attacked eels have not been in poorer condition than the unattacked.

Apart from the swimbladder parasite, skin sores are the most common disease found in

eels, as with other fish species (Thulin et al., 1989; Thulin & Andersson, 1990). The

maximum in Hamnefjärden, just below 5%, was reached in 1986. This level cannot be

regarded as being abnormally high. An outbreak of "red disease" took place to the south

of Simpevarp mainly during the middle of the 198O's but was only found on occasional

eels in Hamnefjärden Bay.

The possible influence of the cooling-water plume on the migration of the economically

important silver eel to the south along the coast was thoroughly studied during the

1970's (Neuman & Thoresson, 1979). No effects could be found and such effects were

theoretically considered to be hardly probable. Later investigations (Andersson 1984a,

1990c) have shown the same result, even following the start of Reactor III. The deve-

lopment in the larger fisheries has closely followed the development for the region in

general. Relatively negative results in some eel traps in an inner archipelago to the south

of Simpevarp coincide well with decreasing occurrence of yellow eel in the same area, a

fact that is probably partly caused by the above-mentioned "red disease".



Herring
The occurrence of herring in the warm-water influenced area immediately outside

Hamnehålet has been studied with net fishing from 1970 to 1989 (multi-mesh size nets.

Fig. 1). as reported by Neuman (1979c and 1983), Andersson (1984b) -nd Andersson

and Karäs (1990). In order to establish the effects of Reactor III, the fishery activities

with herring drift-nets were taken further out during 1983-88, 1.5-2 km from Hamne-

hålet (Fig. 1). The catch development at Simpevarp was compared with the catch in

commercial fishing using herring nets in the reference area and with the estimates made

by the International Council for the Exploration of the Sea of the total spawning popula-

tion in the western Baltic (ICES 1990).

The catches of herring during the spring increased off Hamnehålet and in the reference

area up to the early 1980's, after which they increased dramatically in the former area

and decreased in the latter (Fig. 11). In the western Baltic as a whole, the population has

decreased largely continuously since the late 1970's. In herring net fishing along the

edges of the cooling-water plume there is no trend. If the three periods with different

cooling-water volumes are compared, we can observe that the catches off Hamnehålet

increased by 66% in 1975-84 in comparison with 1972-74, and by 312% during 1985-

88, whereas the corresponding changes in the reference area were +25% and -2%, and

in the western Baltic -10% and -39%.

standard

1-

Simpevarp, multi-mesh size nets
Simpevarp, herring nets
reference area, herring nets
spawning population in the western
Baltic

70 75 80 85 year
Figure 11. The catch and stock development of herring during the springs of 1971-

1989 in relation to the mean value (-l)for each respective curve.

The herrings mainly remain off Simpevarp during the winter and the subsequent spaw-

ning. Relatively large fish mature for spawning (>20 cm) are largely responsible for the

long-term increase in the catches. Before the start of the power station, the spawning

peaked in June but now frequently in April. The spawning also takes place over a longer

period. The catches reach their maximum in temperatures between 4 and 10°C and then

rapidly decrease to become very low at temperatures above 14°C. By means of compari-

sons between catches at different stations in different current situations, it has been
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possible to demonstrate that herrings are attracted to the cooling-water plume as long as

it is not warmer than 10°C. At the herring net fishing stations at further distances from

Hamnehålet, the catches have not increased, which suggests that the herrings are con-

centrated closer to the shore.

The spawning of herrings has been observed in direct conjunction with the cooling-

water plume and even in Hamnefjärden Bay, particularly after the widening and deepe-

ning of Hamnehålet in 1981. The migration has taken place already in February and

spawning was observed in late March. After spawning, the bottom is frequently covered

by a layer of roe that is frequently several centimetres thick but which suffers from high

mortality. In the discharge water which is super-saturated with dissolved gases, a number

of the herrings attracted to the outlet of the tunnel also die as a result of gas bubble

disease (Thulin et al., 1989).

The comprehensive attraction during the spawning period has led to controls being

made of the amount of herring larvae in the area influenced by the cooling-water and

their survival (Andersson & Karås, 1990). Trawling for larvae was done in May-June

1984-89 in the area of the plume, to the north of the plume (Fig. 1) and in the reference

area. The abundance maximum appears to occur somewhat earlier at Simpevarp, but the

extremly early spawning does not appear to give any particular benefits. This probably

depends foremost on the early-hatched larvae being exposed to excessively low tempe-

ratures when they move out of the plume area, but also as a result of roe frequently being

laid too densely on the relatively small areas which have favourable temperatures and

bottoms. The total abundances are higher at Simpevarp (Fig. 12), whereas mortality and

transports out of the area, as illustrated by the decrease in the number of larvae after the

abundance maximum, were approximately the same in all areas. Thus, it appears as if

the warm-water does not favour survival, or more probably that the larvae are unable to

remain in the plume. Consequently, the higher larval abundances are thus only an effect

of the high density of the spawning population.

no./100m'
12-1 off Hamnehålet

to the north of Kråkelund
reference area

mm

Figure 12. Mean abundance of herring larvae (19H4-H9) and their length distribution.



In summary, we may state that the herring attracted to the cooling-water constitute a

potential foi the local fishery activities. An assessment of the total effect of the spaw-

ning requires that larval abundanoe is related to the size of the spawning population. This

relationship is probably lower at Simpevarp than in the reference area and in 1984-89.

when the spawning population increased strongly, it has had a negative development.

The attraction to the heated water thus appears to have an overall negative influence on

the recruitment.

Cod, sea scorpion and viviparous blenny

Fish that swim close to the bottom come into direct contact with the warm-water mainly

in Hamnefjärden Bay and in Hamr.ehålet. In these places, the excess temperatures are so

high that they may be expected to be avoided by cold-water species during most of the

year. This has also been found to be the case; bottom fishes with low temperatures

optima disappear almost completely from Hamnefjärden following the start of the

power station (Neuman, 1979b). The development in the area immediately off Hamne-

hålet (Subarea 3 and the multi-mesh size nets, Fig. 1) has also been followed.

The occurrence of the quantitatively most important cold-water species, cod, varies

strongly from year to year depending on fluctuations in the result of the spawning which

mainly takes place in the southern and eastern Baltic. A period with extremely good

access to cod, 1977-83, has now been replaced by the opposite (Fig. 13). The catch

development has been extremely similar at Simpevarp and in the reference area. Imme-

diately off Hamnehålet (Subarea 3) the catches are higher than in the rest of the Simpe-

varp area, and the difference appears to have become increasingly noticeable during the

1980's, which indicates an attraction. The two other most important bottom fishes in

this area, sea scorpion and viviparous blenny, also show very large variations between

years. After a period when viviparous blenny was totally absent in the spring catches in

the multi-mesh size nets for eight years, and when sea scorpion was almost completely

absent for six years, a strong increase for both species started in the middle of the

1980's and in 1988-89 the catches reached the highest levels ever recorded (Fig. 14).

The increase probably mainly has natural explanations since a similar process took

place in the reference area. However, it has not been so dramatic as off Hamnehålet,

and, consequently, an attraction to the area influenced by the cooling-water cannot be

omitted.

As mentioned above, the attraction of fish such as cod, sea scorpion and viviparous

blenny to the heated water is probably not of any great extent. An increased access to

food on the bottoms below and outside the cooling-water plume is probably a more

important reason. Such an explanation can be observed from the development of the

bottom fauna (Mo, 1990) but the most important factor is probably the attracted herring.

This fish comprises a concentrated ftxxl resource for cod and its large amounts of roc

are utilized by many species, including viviparous blcnny.
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Figure 13. Catches of cod during May-June and September-October, 1962-68.
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Figure 14. Catches of sea scorpion and viviparous blenny in multi-mesh size nets off

Hamnehålet during April-May, 1970-1989.
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CONCLUSIONS

In the summary published in 1979 it was stated that the effects of the cooling-water had

still not stabilized, not even in Hamnefjärden Bay. This conclusion still applies today

after eighteen years of emission of heated water. Naturally, this largely depends on the

contact with the strongly variable Baltic environment through the cooling system and

Hamnehålet. In addition, it appears that the heat-conditioned changes generally take a

long time to became established; as an example may be mentioned the oxygen deficiency

in the bottoms of inner Hamnefjärden Bay, and the establishment of rapidly growing

fish populations. The changes to the hydrographic conditions in Hamnehålet as a result

of the widening and the doubling of the cooling-water volume that occurred as a result

of the third reactor being started has also delayed the stabilization both in and outside

Hamnefjärden Bay. These measures appear to have led, for example, to a considerable

increase in the exchange of fish between the discharge area and the surrounding water,

and thus has also led to an increase in the effect-radius of the cooling-water. Conse-

quently, it is essential to maintain a long-term monitoring programme, even in Hamne-

fjärden Bay.

The dominating impression of the power station's influence is that the biomass and the

production have increased. This applies both to the bottom fauna and to fish and applies

also outside the cooling-water plume. The temperature increase stimulates growth of

many organisms and causes attraction of fish. The cooling-water current and the counter-

currents it causes lead to increases in the transports of nourishment. The concentration

of nutrition in different forms contributes to increased production higher up the food

chains and strengthens the attraction of fish. Probably the most important example of

this is the utilization by many fish species of the large energy supply made up of the

heat-attracted herring and its roe. The accumulation offish also implies a possibility for

human exploitation. Hitherto, this has been restricted to cod-fishing, whereas the market

situation has made herring-fishing uninteresting. With regard to the fish produced in the

warm-water, the released eels will probably be of the greatest benefit to fishing in

surrounding waters.

Among negative effects caused by the power station operation can be mentioned the

losses in the cooling system, which, however, are relatively small as a result of wise

location of the intakes. With one exception, attacks of disease and parasites of fish have

not been abnormally intensive in the heated water. The exception consists of the extre-

mely high infestation of swimbladder parasites in eels in Hamnefjärden Bay. The eco-

logical consequences of this must be examined. Problems are also associated with the

reproductive ability offish. In Hamnefjärden, the proportion of perch that do not produce

roe is abnormally large, and roach with defective sexual organs are commonly found. In

addition, mortality of herring roe and larvae is unusually high both in and outside Hamne-

fjärden Bay. These problems counteract the gene-ally favourable effect of a temperature
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increase on the growth and survival of fry. The importance of reproductive disorders has

probably increased during the 1980s since more fish than formerly remain in water of

high temperature. Since the fish mainly come from other areas, the recruitment to these

muy be disturbed. It is an important task for the future control activities to establish the

importance of this.
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