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PREFACE

The Marine Section of the National Swedish Environmental
Protection Board is responsible for measurements of the ecological
effects caused by the use of cooling-water by the Swedish nuclear
power stations. The investigations at Ringhals have been conducted
since 1968. They have had a wide ecological spectrum but
emphasis has been placed on fish and fishing as well as radio-
ecology.

The present report is a summary of investigations made up to
and including 1987 and is based on nineteen reports. This report
has primarily been prepared for the Water Rights Court and the
parties involved in the water-rights case with regard to Ringhals as
well a» to marine biologists and radioecologists.

Öregrund in March 1988

Erik Neuman
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SUMMARY

The present report is a summary of biological and radioecological
investigations conducted by the National Swedish Environmental
Protection Board at the Ringhals Nuclear Power Station during
1968-1987. The summary is based on 19 papers, which are
presented in the References. The reports concern fish, bottom-
living animals, zooplankton and algae as well as the presence of
radioactivity in the aquatic and terrestrial environments. The
investigation has been conducted at the request of Västerbygdens
Water Rights Court and presents the experiences of twelve
operational years, of which the last four years have been with the
power station at full capacity.

In judging the effects of the operation of the power station,
particular emphasis has been placed on questions given priority by
the Water Rights Court, namely fishing and radioactivity. As regards
fishing, the direct effects of the cooling-system on fish in different
developmental stages have been assessed to be of importance.

Water-borne radioactivity has been traced in organisms and
sediment in the area. The concentrations of different radionuclelds
originating from the power station are highest in algae and lowest
in fish-meat. The results will form the basis of calculations of the
radioactive dose to man.

INTRODUCTION

The nuclear power station at Ringhals is situated on the Kattegat,
about 50 km to the south of Gothenburg. The salinity of the Kattegat
surface water normally varies between 18 and 26 %o. The tide is
insignificant.

The first two reactors came into operation in 1975 with a total
electricity output of 1580 MW. The fourth and final reactor entered
production in late 1983. The full output of the power station is
today about 3200 MW. The turbine system is cooled with sea water,
which Is returned to the sea. Release of radionucleids to the sea
also takes place. The influence on the marine ecosystem of heat and
radioactivity, as well as damage to organisms in the cooling-system
of the power station, is being investigated by the National Swedish
Environmental Protection Board. Oceanographic investigations are
being conducted by the Swedish Meteorological and Hydrological
Institute. The investigations are being conducted at the request of
the Västerbygden s Water Rights Court. As regards the biological
and oceanographic Investigations, this primarily concerns effects
on the fisheries, whereas the radioecological investigations mainly
seek to provide a basis for calculations of radiation do«ses to man.



The result of the investigations should be reported to the Court
following a period of five years after the operational start of the first
reactor of the power station. When the Court reached its decision it
was assumed that all four reactors would have started during the
testing period, which was calculated to allow an estimation of the
effect of the complete power station within the mentioned testing
period. However, the production of the power station during this
testing period has been considerably less than planned; the two
first reactors have suffered from several long stoppages and
reactors 3 and 4 could not be completed within the initial space of
time (Fig. 1). Consequently, the testing period has been prolonged
in two stages. It was not until 1984 that the production had an
extent and a distribution over the year that was assessed to be
representative for future conditions, which implies an average level
of 70-75 % of full output. Information on the long-term effects of
the completed power station are still unavailable today and must be
obtained within a long-term control programme. Today,
assessments of these effects must be based on the long-term
monitoring which has been conducted for the cooling-systems of
the two first reactors and the area close to the outlet.

Figure 1. Gross production of the power station
Each column represents one month
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Despite the lengthening of the testing period, the Environmental
Protection Board made a preliminary summary in 1980 of the
general ecological and radioecological investigations11. In the
present report an account is given of supplementary investigations
made during the 1980s. In cases where investigations have not
been carried out. the results presented in the previous summary
are again included in order to provide a full picture of the situation.

The present report is based on nineteen individual papers which
are presented in the list of references. In the future, reference will
be made to these reports by their numbers. The oceanographic data
have been taken from the final report of SMHI 2).

In the summary of results the influenced area has been divided
into four main zones (Figure 4, on the last page):

1. The cooling-water system - intake, channels and condensors.
2. The outlet area - large temperature increases for long periods.
3. The mixing zone - rapidly decreasing and variable excess

temperatures.
4. The outer zone - small temperature increases without

measurable effects on the biosystem but still measurable
contents of radionucleids.

GENERAL ECOLOGY

Zone 1. Cooling-water system.

The power station has two different cooling-systems, one for the
first two reactors and the other for the third and fourth reactors;
the outlets are, however, alongside each other. At full capacity 80
and 95 m3 sea water per second is pumped through the systems,
respectively. The cooling-water enters through a surface inlet with
a threshold depth of about 10 m. The water is cleaned of larger
particles before the condensors; the final stage is done through
travelling screens with a mesh size of 25 mm2. The water is heated
8-10°C in the condensors, after which It is returned to the sea
along 1.8 km long tunnels. During the summer cooling-water is
chlorinated in order to reduce growth of attached organisms.

Note ') Grimas. U. and E. Neuman. 1980. Biologiska och radioekologiska undersökningar

vid Ringhals kärnkraftverk 1968-1980. En sammanfattning. (Biological and

radloerological Investigations at the Ringhals Nuclear Power Statlon. 1968-1980. A

summary). Swedish Environmental Protection Board. SNV PM 1345.

Note 2 ' Pettersson. C. and P.O. Skoglund. 1988. Ringhals - kylvattenutsläpp I havet

(Ringhals - release of cooling-water into the sea). SMHI Oceanogran, no. 25.
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The effects in Zone 1 have been investigated as regards
plankton-living crustaceans, eggs and fry of fish as well as mature
fish. A loss of planktonic crustaceans in the magnitude of 50-60 %
has been found (1). This is caused mainly by filtering organisms
such as balanids and hydroids but also of plant material and jelly-
fish which sometimes hinder the passage through the screens.
Temperature-dependent mortality is not considered to occur under
normal conditions. However, during the summer the chlorination
may cause very large mortality. Later investigations demonstrate
that balanids and hydroids in Zone 1 release a considerable amount
of larvae into the cooling-water. Swarming starts about a month
earlier than under natural temperature conditions.

The entry of eggs and larvae of fish into the power station was
monitored throughout 1979 using a trawl in the intake (mesh size
0.5 mm) (2). This took place mainly during the late winter-early
spring and during the summer. During the early period there were
abundant eggs of cod and plaice whereas eggs and larvae of sprat
and goldsinny together with larvae of different species within the
Gobiidae family dominated during the latter part. Estimates of the
transport during 1979 are given in the table below.

Cod
Eggs 2xlO9

Larvae Small

Plaice
3xlO8

Small

Sprat
2xlO8

2xlO8

Goldsinny
2xlO9

7xlO7

Sea scorpion
None

6xlO7

Butterfish
None

3xlO7

Gobiidae
None

4X108

Eggs and larvae pass through the travelling screens but probably
the losses will be great during the passage through the cooling-
system, particularly during the summer when chlorination occurs.
The number of eggs stated above correspond to the production
from maximally 4 000 and 6 000 females of cod and plaice,
respectively. A total loss must be assessed as extremely small in
relation to mortality through fishing and natural causes. Damage to
the population of coastal species such as goldsinny, sea scorpion,
butterfish and gobiids is more probable; these species are
important prey for larger fish.

Since 1979 the investigations have been restricted to winter and
spring (3, 4), when cod and plaice spawn. During this period there
are also larvae of sea scorpion and butterfish in the pelagic. The
numbers of eggs of cod and plaice together with larvae of sea
scorpion and butterfish that enter the power station have been
estimated as follows (4):



1979
1980
1981
1982
1983
1984
1985
1986

Cooling-water

flow (m3/s)

75
75

125
75

125
175

175
175

Eggsb

Cod

186
102
32
1

5
10

66
15

clO7)

Plaice

31
27

7
0.7

3
8
7

3

Larvae (xlO7)

Sea scorpion

6
8

9
3
4

9

5
5

Butterflsh

3
2

8
5
0.3
8
2

5

It can be seen that neither for cod nor plaice was the number of
eggs in any year during the 1980's as high as during 1979. despite
the increase in the flow of cooling-water. The presence of cod eggs
was extremely low during 1982-1984. The continuing large entry of
sea scorpion and butterfish must be regarded as an important
ecological disturbance since these species produce a relatively low
number well-developed larvae and live close to the shore as adults;
the population in the proximity of the power station may thus be
influenced.

During January-April 1979 and 1980, fish in stages older than
the larval stage have been caught in the intake water (mesh size 1.5
mm) (2). The dominating species were eel, gobiids, herring larvae,
three-spined stickleback and sandeel. For these species the
transport during this season of the year has been calculated to be in
the magnitude of 105-106 fry for each species. Most of the fry are
probably injured in the screens. More detailed investigations have
only been made for eel. The transport of eel fry, 6-8 cm long "glass-
eels", was first investigated in 1978. In that year the transport was
calculated to 2x106, in 1979 it was calculated to lxlO6 and in 1980
to 2xlO5 (5). Tagging and sump experiments have demonstrated
that the £lass-eels, with few exceptions, are able to pass through
the power station without permanent injury.

Recording of fish fry continued also after 1980 but has not be
reported. The calculated intake of glass-eels has continuously
decreased to 5xlO4 in 1987. This value only refers to the intake to
the first two reactors. Other species have only been registered to
the extent that time has been available. Consequently, there are
gaps in the material which lead to underestimation of the
calculated intake. Dominating groups have remained the same as
during 1979-1980. The intake of larvae of autumn-spawning
herring into the two first reactors during the period of registration
varied between 8xlO4 and 1.2xlO7. The largest amounts were
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observed in 1981 and 1987 (7.5xlO6 and 1.2xlO7, respectively).
The estimates are based on the same calculation method used for
glass-eels, i.e., the intake per night calculated to give the total
intake at a catching efficiency of 5 %. Consequently, day time
catches have been omitted. The herring larvae are eliminated at a
stage when the highest natural mortality has passed. As a result,
effects on the population level cannot be excluded. Other species
have occurred to extents corresponding to those in 1979-1980.

Fish that cannot pass through the filtering screens are normally
disposed of on land together with the other debris. On the basis of
examination of this material, the quantity of lost fish during the
period from the spring 1975 up to and including 1979 has been
estimated to about 22 tonnes. After 1979 the material cleaned from
the screens has been handled in such a manner that the losses
cannot be quantified. However, an estimate based on earlier
observations is given in the table below (6). The losses at the third
and fourth reactors are assumed to be as large as those at the two
earlier ones. Since 1986 the debris is pumped back out to sea to
the west of the intakes in order to save the eels and soles, which in
fact survive such treatment. Consequently, the losses of these
species should have largely ceased. The "small fish" category
consists of species that were difficult for the power station staff to
determine to species. The dominating species in this category were
sandeel, whiting and transparent goby, together with fry of herring
and sprat.

1975-79 1987 1975-87

Small fish
Eel
Flounder
Sprat
Cod
Lumpsucker
Herring
Sole
Others

10 tonnes
4.3
3.4
2.5
0.6
0.5
0.2
0.1
0.3

3
-
1.0
0.9
0.2
0.2
0.1
-

0.1

70
12
9
8
2
2

0.8
0.2
0.7

Total 22 5 105

Only with regard to eel may the losses be suspected to be of
ecological or economic importance. During eleven years it is
estimated that a total of 350 000-500 000 eels with a mean weight
of 25-35 g have been lost. Of the 70 tonnes of "small fish", 40



tonnes consisted of sandeel which migrated into the power station
during July 1985.

A special problem with organisms that cannot pass the filtering
system is posed by jelly-fish which, on some occasions, have
completely blocked the cooiing-water intake. This problem is
mainly relevant for the operation of the power station and to a
lesser extent for assessments of ecological consequences, e.g.,
water quality and fishing.

Zone 2. The outlet area

The cooling-water is released through a tunnel close to the shore
just south of Ringhals Point (Figure 4). The discharge is released in
a southerly direction. The maximum discharge rate is 1.6 m/s and
the excess temperature is maximally about 10°C. After discharge
the cooling-water becomes mixed with the colder sea water. Within
Zone 2 the mixing process is mainly achieved by the kinetic energy
of the cooling-water. This is already expended about 500-1000 m
from the discharge point. As mentioned above, this zone should be
characterized by relatively constant and high excess temperatures.
Due to strong currents that vary in direction, the first requirements
limit the zone to an area extending about 800 m to the south from
the discharge point along the coast and having a width of slightly
less than 400 m. Within this zone the excess temperature is
generally above 5°C. This temperature influence reaches down to
the deepest parts of the area (about 10 m) but occasionally a
current of uninfluenced water is able to enter beneath the cooling-
water, particularly in the southernmost part. The area of this zone
is estimated to be 0.2-0.3 km2.

Within the zone, the studies have concerned the occurrence of
sessile plants and animals together with glass-eel and trout. The
inventories during the 1970s have shown that green algae have an
abnormally large dispersal and replace the declining brown and red
algae (7). These effects are clearest close to the discharge point,
where also the ungrown areas have increased in size. In the
outermost part of the zone, none of the most common species in
the area are lacking.

Aerial photography in 1979 (8) and 1986 (9) as well as a number
of inventories made by diving (10) show that the bottoms closest to
the discharge points are completely swept clean. Further out, there
are long ridges, in some places almost 1 m high, of broken shells of
mainly blue mussel and barnacles which have been flushed off the
walls of the cooling-water tunnels. The diver observations suggest
that the strong currents have caused a clear reduction in the
number of shore crabs, snails, mussels, starfish and barnacles. In



the outer parts of the zone, the changes are not so marked but the
piles of shell have a "suffocating" effect on some species.
Considerable numbers of goldsinm and wrasse have been found as
well as individual flounders, eels and sand gobies. A considerable
number of sandeels frequently occur close to the surface.

The occurrence of glass-eels (5) was studied in 1980. The eel
density was markedly higher than in the surrounding waters,
particularly in the backwaters just to the south of the discharge
point. The increased density has largely been caused by transport
with the cooling-water.

During the period with two operational reactors the occurrence
of trout during December-April has been investigated by netting
(11). Closest to the discharge point, the catches have been more
than three-fold higher than at places with no or negligible influence
of heated water. An increase has also been observed in the southern
part of the zone but here the incease is less than two-fold. At
temperatures below the optimum for trout there is probably an
attraction to the warm water. In this respect, the flow of water may
also be assumed to be a contributory factor.

Zone 3. The mixing zone

There is a rapid temperature decrease in the inner part of Zone 3,
mainly as a result of the mixing. This process is mainly achieved by
natural currents and by waves. The horizontal extent of the cooling-
water increases with the distance from the discharge point.
Normally, the cooling-water penetrates to depths of 3-7 m. During
the winter and spring, when the salinity stratification is not so
pronounced, the cooling-water may penetrate down to between 10
and 15 m in the central parts of the zone. The zone comprises the
area within which excess temperatures of at least 1°C have been
found in surveys (excluding Zone 2). Lower temperature increases
in the surveys are often screened by natural variations, which also
applies to the biological effects. Frequent changes in the direction
of the current are characteristic of the Ringhals area and
consequently the heated water generally does not influence a given
part of the zone for a longer period than one day at a time. The area
of this zone has been calculated to about 16 km2 (Figure 4).

Several investigations have been conducted as regards attached
plants and animals, as well as fish. Visual transect censuses of algal
vegetation were conducted in 1977 and 1978 at three sites just to
the west of Zone 2 and also at a reference site (12). The effects of
the cooling-water were judged by calculating the ratio between the
number of species of different algal classes. At the three sites close
to the discharge-point, Zone 2, abnormally high values for the red
algae/brown algae ratio were noted which is interpreted as an
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effect of heat. The green algae/brown algae ratio was also higher
than at the reference site. This indicates a better availability of
nutrients, probably mainly caused by the current factor. At the
station most influenced in this respect, the ratio was about four
times higher than at the reference station, depending on a two-fold
increase in the number of green algae and a 50 % reduction in the
number of brown algae. Very large numbers of diatoms, particularly
during the winter, were observed at the site with the highest ratio
of green algae/brown algae. During the spring, this quantity was
markedly smaller but still very large. There were also abnormally
large quantities of diatoms at the two other nearby sites.

More sites and more years than those discussed above have been
studied (7) and large areas of the zone have been aerially
photographed in order to calculate the biomass of the algal areas
and to trace effects of the heating (8, 9). These investigations were
unable to detect any such heat effects in the outer areas of the zone.

Quantitative investigations of the animal communities on the soft
bottoms have been made at a station in the central part of the zone
and at another in the southwestern part (13). The stations are
situated at depths of 20 m. The cooling-water does not penetrate
down to these depths and consequently only indirect effects could
occur. Such effects have not been observed.

Test fishing with small, fine-meshed fyke nets at depths of 2-4
m have been done since 1974 in the most influenced parts of the
zone, "Ringhals", just to the west and north of the discharge-point,
and also in a reference area to the north of Vendelsö (Fig. 4) since
1976 (11, 14). The excess temperature in the former area is about
2°C. During recent years, when the power station has been
operating at full capacity, fishing has been done in April and August,
earlier the fishing was done throughout the year with breaks for ice
and storms. The distribution of the catches over the temperature
scale suggests that sea scorpion, viviparous blenny, cod and
flounder have low temperature optima and can thus be classified as
coldwater fish, whereas corkwing wrasse, goldsinny, shore crabs
and eel should be counted among the warmwater species.
Statistical comparisons (14) show, as expected, lower catches of
coldwater species and higher of warmwater species close to the
discharge-point in comparison with the reference area. However,
flounder is an exception, giving the b2St catch at "Ringhals" in
April. As regards goldsinny. no differences could be demonstrated.
Analyses based on fishing throughout the year during the 1970',
show a similar picture (11). This also applies to a comparison
between catches at "Ringhals" before and after the start of the
power station. As regards the economically important eel. all
comparisons show that the temperature increase has led to the
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catch increasing two to three times.
The composition of the fish community close to the shore is

shown in Figure 2, in which the proportion of different species in
the catch weight can be compared between the fyke net sites (14).
Species with low catch weights have been pooled into "coldwater"
and "warmwater" species or, in cases where they could not be
classified, to "others". As can be seen from the figure there are
considerable differences between seasons of the year and areas; in
April at "Vendelsö" the coldwater species comprised 95 % against
only 15 % in August at "Ringhals". In addition, it may be noted that
the goldsinny in this comparison has again failed to give higher
values at "Ringhals" despite it being a warmwater species.

The lack of catch differences for goldsinny between the two
fishing sites may have been caused by disturbed recruitment in the
area at Ringhals; large quantities of the species' pelagic eggs and
larvae are drawn into the power station (2), most of which probably
die. With regard to the reproductive capacity of the sea scorpion, a
large number of larvae are injured in the same way (2, 4), which
may influence the population of this coastal species. Evidence of
this disturbance increasing with time is found in the fact that
catches of sea scorpion at Vendelsö increased strongly during the
1980s whereas those at Ringhals have remained at a low level.

The catches in all the test fishings in the Ringhals area have
been studied since 1975 for easily visible diseases and defects (15).
Up to 1985 a total of 29 000 cod, 13 000 flounder and 7 000 eel,
among others, had been examined. As regards these species, part of
the material has been thoroughly investigated. On the whole,
occurrence and frequency of diseases and parasites were
representative for the Swedish west coast; no influences of the
power station were traced.

The occurrence of herring and sprat was studied by means of
echo-sounding along transects stretching from the parts of the
zone most strongly influenced by the thermal discharge out to Zone
4. The investigations during the 1970's have been reported (16).
Tendencies of attraction to the area close to the cooling-water
discharge are present in all seasons of the year at 0-5 m depths and
during the winter also at 5-10 m depth. It is not probable that
herring, being a coldwater fish, is attracted by the temperature
increments during the summer. During this time of the year, it is
possible that the echos largely originate from sprat or that the fish,
for natural reasons, move into the discharge area. The attraction
that appears to occur has been of a minor extent; profitable
concentrations for trawling have hardly been registered on any
occasion. Echo-soundings continued until die end of 1987. Since
the occurrence of herring and sprat was still small the results have
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not been reported. However, they appear to agree with earlier
observations.

The occurrence of glass-eels was investigated during the 1970s
along the coastal area and in the open water both inside and outside
Zone 3 (5). Light traps in water close to the coast show that the
density is greater both to the north and the south of the zone than
within the zone. This has been interpreted as a result of attraction
to odours from freshwater outlets outside the zone. Trawling at a
slightly greater distance from the coast shows, on the other hand, a
larger eel density within the zone. This is probably not caused by an
active migration of eel to the heated water. Instead, it probably
consists of a passive transport via the cooling-water from the
comparatively denser populations closer to the coast in the intake
area.

Zone 4. The outer zone

The temperature increments in this zone do not exceed 1°C and
are thus difficult to distinguish from the natural variations. This also
applies to the directly biological effects. Consequently, the area has
been utilized as a reference for the inner zones and to provide a
basis for calculations of the dose to man from the radionucleids that
can be traced within the outer zone.

Most of the work has been done within an area of about 8 km to
the north and 7 km to the south of the discharge-point (about 80
km2). The programme comprises mapping of the algal belts by
means of aerial photography and site inspections (7, 8, 9, 12).
samplings of bottom fauna (13), routine Scuba observations (10).
records of catches in commercial fishing (17), echo-soundings
(16), control of the composition of the fish fauna by test fishing (11.
14), recording of diseases (15), special studies of eel fry (5) and
analysis of material for a radioecological model (18, 19).

The commercial fishing, which also enters Zone 3, has been
studied by means of daily recordings of catches (17). The most
important fishing in the area is trawling for herring, Norway lobster
and cod. In addition, there is the quantitatively less important but
economically valuable fishing for eel, lobster and crab in relatively
shallow waters. The coastal catches of herring, cod and lobster have
decreased. The decrease also applies to the entire west coast of
Sweden - no local influence can be demonstrated.

Eel fishing is mainly dependent on the supply of eel fry and its
dispersal along the coasts. In the mouth of the River Viskan,
situated immediately to the south of Ringhals, a control of the eel
fry migration up the river has been made since 1971. It is
reasonable to assume that the results give a good picture of the
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availability of eels in the region. During 1976-1979 there were
abundant eel fry. which should have led to increased catches about
seven years later. The absence of such an increase (Fig. 3) in the
area covered by Figure 4 may probably be ascribed to the intensified
fishing but also to some extent to losses of small eels in the power
station during 1975-1985 (6).

Figure 3. Catches of eel in the Ringhals area and the migration of
eel fry up the River Viskan. The migration in 1980 is presented in
the figure for 1987. i.e.. with a 7 year delay.
• • Eel fry in R. Viskan, kg
. • Commercial fishing to the north of the power station.

kg/effort
Commercial fishing to the south of the power station,
kg/effort

kg kg/e

200

68 70 72 74 76 78 80 82 84 86
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RADIOECOLOGY (18. 19)

The radioecological control programme has been developed during
the years and adapted to the character of the area. Consequently,
the species included in the control have been selected with regard
to their position in important nutrient chains, their aptitude to
accumulate radionucleids. their dominance in ihe system, the
comparability with other nuclear power stations both nationally and
internationally, as well as contact with humans, e.g.. as food. The
sampling has its greatest extent following the summer ovetnaul
period, which provides an idea on the maximally feasible
concentrations. A smaller sampling is made during the spring in
order to follow the long-term accumulation in the environment.

The programme includes both terrestrial and aquatic
environments as well as the concentration in the sludge from
sewage treatment plants in the neighbourhood. In the terrestrial
environment, studies are made of different species in natural and
cultivated vegetation, in moose and domestic cattle as well as in
milk. Samples in the aquatic environment are taken of water,
sediment, different species of algae, bottom animals, fish and
crustaceans. The sampling is done at several stations within a
radius of about 10 km. These routines are complemented with
larger regional studies of, for example, sediment, every four years.

The radionucleids which can be demonstrated in sea-water are
mainly cobalt-60 and cesium-137 in the inner area. Since the
radionucleids are pumped into the plume of cooling-water during a
relatively short period, the concentrations measured will vary
considerably. The further transport of the discharge is governed by
the currents in the sea and takes place largely along the coast. The
background level of cesium-137 in the sea-water is foremost
influenced by fallout from nuclear weapon tests and by discharge
from Sellafield, United Kingdom, which overshadows the power
station's own discharge of radionucleids. During the first three
months after the Chernobyl accident a short-term increase in the
concentration of cesium-137 could be observed.

The monthly analyses of sediment in the inner area demonstrate
the presence of several radionucleids from the nuclear power
station, e.g., magnesium-54, cobalt-58, cobalt-60 and zinc-65.
However, the inner area has erosion bottoms and accumulation
there cannot be expected. In order to obtain an opinion of the
accumulation in a wider area, an investigation was conducted over
about 3 200 km2. In this area, mainly cobalt-60 can be found in
increasing gradients from the discharge point with a deposition of
about 12-19 % of the total discharge until 1984.

In the biological material both the number of radionucleids as



well as their accumulation is largest in algae and lowest in fish.
Occurrences during recent years of, e.g.. cobalt-60. in the vicinity
of the discharge-point, where the concentrations are always
highest, are about 800 Bq/kg dry weight for bladder-wrack. 200 for
green algae. 100 for shore crabs and blue mussel. 25 for Littorina. 5
for sea scorpion and corkwing wrasse. 3 for flounder. 2 for cod. 1
for eel and 0.3 Bq/kg dry weight for herring. In fish, there will be
about 5-fold lower concentrations based on fresh weight in muscle.
Cobalt-60 has not been detected in crab. Concentrations of
radionucleids decrease rapidly from the discharge-point, e.g.. for
cobalt-60 and zinc-65 in blue mussel within a radius of 10 km.

As mentioned above, the Swedish west coast is reached by
discharges of cesium-137 from Sellafield. During the late 1960s,
the concentrations for cod. eel. flounder, corkwing wrasse and sea
scorpion were between 1 and 3 Bq/kg. calculated on wet weight of
muscle. During 1979 and 1981 the concentrations increased about
twice these levels, i.e.. between 3 and 6 Bq/kg wet weight as a
result both of greater discharge from Sellafield three or four years
earlier and of an event with greater ventilation of the Irish Sea.
ToJay, the concentrations have decreased to the former
background level.

As in the sea, the concentrations of radionucleids in the
terrestrial environment are highest closest to the power station,
e.g. of cobalt-60 in mosses and lichens. In samples of lettuce,
barley, cattle and moose no radionucleids from the nuclear power
station have been noted. The concentration of radionucleids in milk
is controlled diring the grazing season. Before the Chernobyl
accident the concentration of iodine in milk from the district was
below the detection limit, i.e.. about 0.2 Bq/1. During the first two
weeks of May 1986. the concentration of iodine-131 in milk
reached about 3 Bq/1 and during June levels up to 15 Bq/1 were
noted for cesium-137.

The concentration of radionucleids which originate from the
power station is low in sludge at sewage works. The dispersal
routes for the nucleids identified are not fully explained. It is clear
that the method used by the sewage treatment works is of
importance for the result.

In summary, it may be stated that the radioactive nucleids which
were released annually from the power station up to the end of
1986 have caused less than 1 % of the dose caused through
background activity (i.e., the sum of cosmic radiation and natural
radionucleids) together with fallout from nuclear weapon tests.
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CONCLUSIONS

In assessing the effects of the operation of the power station,
particular emphasis in this report, has been placed on the questions
given priority in the Water Rights Court, namely fishing and
radioactivity.

The Ringhals Power Station is located on an open coast with
large turnover of water. This gives a rapid dilution of the cooling-
water, and thus small areas with excess temperatures, and also
counteracts a conservation of heat and its products in the vicinity of
the power station. On the othe hand, the number of organisms
which actively or passively enter this area will be relatively large.

In the proximity of the outlet of the cooling-water, heat and
currents have caused many and considerable effects on the
ecosystem. It may be noted, for example, that already a couple of
degrees temperature increase will drastically change the structure
of the coastal fish community, mainly as a result of
attraction/avoidance. For bottom-living fish, however, these
reactions can hardly be of any greater extent since bottom-water
with sufficient temperature increase has only a small dispersal. As
regards the economically important eel. where attraction is
obvious, and fishing is limited by decreasing availability, the area in
the vicinity of the outlets should still be controlled. With regard to
experience obtained from other heated waters in Sweden it is
necessary that the risk of attracted fish suffering from deteriorated
condition and premature sexual maturity should be among the
factors observed. As regards pelagic fish which to a greater extent
than bottom-fish come into contact with the heated water, as well
as occurring in shoals, the attraction may attain large dimensions,
particularly if large numbers of herring and sprat are present close
to the coast. Since attraction of these mobile species is normally
not of long duration this is. in itself, no particular problem;
however, it increases the risk for impingement in the cooling-
system.

The strong turnover of water in the Ringhals area and the rich
occcurrence of pelagic larvae means that more organisms risk
entering the cooling-system than at other Swedish power stations.
As regards fish which fasten on the travelling screens, considerable
losses of eel have occurred in several years. This must have affected
the fishery as it is suffering from a lack of fish. However, technical
measures have largely avoided this problem for the future. Large
and difficultly-predictable losses of other species cannot, however,
be excluded: the largest temporary migration so far concerns
sandeel.

As regards fry and eggs of fish which pass through the screens,
the extent of the problem is decided by the character of the



influence and the number of individuals affected in relation to the
size of the respective population. Influence has only been
investigated for pelagic eel fry. glass-eels, where it has been found
to be negligible. In other species it is very difficult to study but on
the basis of foreign experience it is assumed to lead to a 100 %
mortality. If this is the case, then it may be of ecological importance
for coastal species with relatively small production of fry. The stock
monitoring shows indications in this direction and. consequently,
the problem should be followed in the long-term. As regards
species of economic interest, today only the losses of larvae of
autumn-spawning herring justify continued monitoring.

The radioecological control shall demonstrate a feasible long-
term accumulation of activity in the neighbourhood of the power
station and provide information on the maximum accumulation in
organisms. The control provides support for the calculation of the
dose to man.

On account of the localization of the power station the
concentrations of radionucleids in plants and animals decrease
rapidly with distance from the outlets. Investigations of sediment
show that less than 20 % of the total discharged amount of cobalt-
60 remains within an area of about 3 200 km2 outside the power
station. A further important accumulation of activity in the area is
not probable. During their further transport towards the North Sea.
most of the short-life activation products will decay.

The occurrence of long-life radionucleids such as cesium-137
has a more international explanation. The power station's own
discharges of cesium is difficult to measure, even in the inner area.
Instead, the cesium originating from nuclear weapon tests up to the
early 1 9 6 0 s dominates. Temporary massive discharges from
Sellafield in the United Kingdom can also clearly be read in the
west coast sediment and organisms, as well as the fallout from
Chernobyl. One of the lessons learnt from this routine control of the
Swedish coastline is. thus, that even distant sources can be traced.

The maximum uptake in biological material normally occurs after
the overhaul periods during the summer. On land, radionucleids
from the power station can be detected in lichens and mosses but
not in cattle or moose. The same mutual relationship between
plants and animals prevails in the water. Thus, the concentrations
of. for example, cobalt-60 are highest in algae, lower in small
animals and lowest or not detectable in fish-meat and larger
crustaceans.

The annual dose to man originating from the local discharge
from the Ringhals Power Station up to 1986 can be calculated to
less than 1 % of the total dose from natural radiation sources and
fallout from nuclear weapon tests.



22

The radioecological control is assumed to continue in the area at
its present level and will be modified only after decisions made by
the radiation protection authority in co-operation with the National
Swedish Environmental Protection Board.
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