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is the cold water primary production higher. During this period
the level of primary production is on the whole fairly low. Over
ciion measurements, from
production was 23 %'higher
than the cold water production. This is a rather striking dif-
ference, the causes of which are not immediately clear, and caution
the iInterpretation is necessary. The higher primary production in
the warm water could at first he considered as a yield or "a bene-
fit from the higher temperature in the warm water regime. In that
case the higher primary production would be a potential resource
to be utilized in some way. However, the difference is largest
In spring and summer, the period when primary production on the
whole reaches the highest values in these latitudes. In Baltic
surface waters, which are used for cooling, the nutrients phos-
phate and nitrate are often (both) depleted in spring and summer,
thus limiting the primary production. Wow, if nutrient depleted
surface water iIs heated ten degrees by passing a power plant, haw
could i1t produce more if no nutrienta are added? The cause of the
primary production increase must consequently be Found in some
other process, increased metabolic rates of the plant plankton by
the higher temperature can not alone account far the primary pro-
duction increase.

The lack of reliable nutrient analysas must again be regretted, the
complementary information about the high warm water .production is
hidden in nutrient: values. However, based on quantitative conside-
rations the high warm-water production will be discussed a little
further.

HsmnefjMrden, the bey outside tha power plant where the warm water
remains for a while before leaving through Hamnehilat out into
the Baltic, i1s appr. 4 m deep with a surface ares of appr. 0.1
(km) « This gives a volume of 4 x 10 nr. Using the value 50 m*“/s
as a value for the flow of heated cooling water through the bay,

a residence time of only 3 hours appr. is obtained.

in



Such a short residence time of the water indicates that there 1is
probably a similar type of plankton flora at the intake and in the
warm water basin, the water does not remain long enough ta allow
the development of a separate phytoplankton flora in the warm water.
However, the flow pattern at the outlet is not known in detail,

and there might well be a ""flood"” of warm water from the outlet,
tunnel to the escape at Hamnehalet, whereas “pockets"* of water in
HamnafjSrden have a much longer residence time and thus can develop
separate plant plankton populations.

The pumps which circulate the water through the cooling systems
are, as mentioned before, of a centrifugal type and are considered
to be "mild” to the creatures in the water. However, 1iInvestigations
in the United States iIndicate that the strong turbulence of the
water causes injuries to the zooplankton as well as to fish eggs,
fish larvae and small fTish, whereas the phytoplankton seem to pass
the system fairly unaffected. Loss figures of 30 - 100 % for the
zoo biota is reported. A brief look in the microscope at the warm
water from Simpevarp iIndicates a similar situation! some damage

to the zooplankton and unaffected phytoplankton.

From the start of the Ffirst power unit at Simpevarp in 1974,
it was reported in the press that appr. 60 kg per day of small fish
and larvae were destroyed when passing the pumps. Doubling this
figurs, Tor the two aggregates operating today we get a daily lass
of 120 kg of organic material. (Considering these being secondary
producers with a 10 % efficency Factor between the trophic levels,
the figure corresponds to a loss of 1.2 tons per day of primary
produced material.) According to a common consideration (20 % dry
weight of which 40 % is carbon) and a carbon t nitrogen : phospho-
rus ratio of 41 : 7 : 1, by weight, this material would yield
appr, 1.4 kg nitrogen and 200 g phosphorus per day. Assuming that
the dead organic material sinks to the bottom of Hamnefjérden,
where it is subject to bacterial decomposition, this calculated

amount is eventually given back to the warm water. However,
these figures are very low and the fertilization caused by

this supply should be of minor importance. It is likely that
the true amount of destroyed material is much higher, and that
the figure (60 kg) given was underestimated.
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However, there i1a most likely a separation so that sedimentation
of detrius takes place iIn ’pockets™ and consequently the rege-
neration of nutrients in the warm water basin will fertilize only
parts of the passing water; these parts may gain a higher primary
production. Further, the given figure is probably far too low

and refers only to the quantity of small fish which can be seen

to be destroyed and so quantitatively estimated, whereas all other
destroyed organisms that pass the cooling systems are not included.
A measure of the organic material achieved by total nitrogen or
total phosphorus determination of the ingoing water would presumably
give a better estimate of the total amounts of nutrients available
on the warm water side after a delay af bacterial degradation of
the detrital material.

Another possible cause for the higher primary production in the
warm water is the lack of control by grazing organisms. With the
assuption that the phytoplankton pass fairly unaffected from the
cold to the warm water while the zooplankton are partly killed and
injured and uncapabls of feeding, i1t follows that the normal gra-
zing pressure on the phytoplankton is decreased. The multiplication
rate of cells and thus the total uptake of carbonate into the
tissue is then larger, 1if nutrients are available, than if normal
zooplankton grazing is controlling the growth.

COMPLEMENTARY MEASUREMENTS

In order to further elucidate the causes of the higher primary
production in the warm water , the Institute for Marine Micro-
biology at the University of Gothenburg measured a large number

of parameters in the warm and cold water of Simpevarp on two
occasions in 1977. The results are presented in e report (in print,
see ref.) to the Swedish National Environment Protection Board.

On these occasions, March 15-18 and June 17-19 careful nutrient
analyses were carried out. Alkalinity was determined by a pH-titra-
tion method developed by the Department of Analytical Chemistry

at the University of Gothenburg« Determination of heterotrophic
activity, electron transport activity and nitrogen fixation were
carried out, es well as dissolved oxygen content and biological



oxygen demand (BSg) plus salinity and pH, 1In water and iIn sediment*
Counts of bacteria were carried out and a rough determination of
phytoplankton species and numbers was made®

The results confirm in the main the conclusions regarding the
nutritive picture of the.cold and warm water basins, discussed In
the preceding section.

CONCLUSIONS

The results are mainly that an increased primary production of

23 % is recorded in the warm water regime as a total during the
measurement period. However, there is also a trend of maginification
of the extremes, so that during the period of high production in
summer and autumn, the production is still higher in the warm water,
whereas daring the winter with a lew natural production the product!
in the warm water is still lower.

The high warm water production should not be considered as a gain
of material, but rather as a reorganization of previously produced
material. Ths surface waters of the Baltic are depleted of critical
nutrients in ths summer, thereby limiting primary production. It
should therefore be difficult to increase considerably the primary
production unless nutrients are added. To benefit- from the higher
temperature in the form of an iIncreased organic production we must
thus add nutrients. (As on land, the production in a hothouse on

a meagre soil can not be increased considerably without the addi-
tion of fertilizer.)

The higher production in the warm water is probably an effect

partly of a high supply of nutrients from the breakdown of pre-
viously produced material and partly of a more effective utili-
zation of the available nutrients due to a lower grazing pressure

on the phytoplankton. There is also a probability of an accumula-
tive effect as regards the regeneration of nutrients so that a
higher microbial activity iIn the summer period converts an increased
amount of organic material, accumlated by sedimentation, into
nutrients available to the primary producers.
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A summarizing schematic illustration of the productive situation

is given in Fig, 31»

This gives a distorted picture of the plankton-nekton community

in the warm water. The normal pyramidal productive decline up
through higher trophic levels is disturbed. Moreover, thé migra-
tion of fish following the temperature gradient into the warm water
regime creates a nutritional demand at the top of the pyramide which
can not be met by the disturbed lower level production.

It seems obvious that if the limited ecosystem of the warm water
regime is allowed to develop on its own, the supplied energy Iis
dissipated via mainly unprofitable pathways. In order to take
advantage of the general higher rate of production in warm waters,
the specific conditions should be known and controlled. A better
knowledge of carbon pathways and nutrients cycles in a thermally
disturbed area, and active measurements to direct and control growth
of selected species should enable us to benefit from the warm waters.
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CLOSING REMARKS

It 1s regrettable that the coordination of the work of different
institutions iInvestigating the Sirnpevarp warm water area has

not always been satisfactory. The precision of parallel nutrient
analysis of water samples has sometimes been too low to adequately
support the primary production measurements.

For follow-up and future work a closer coopération and better
exchange of information should be of value for the iInstitutions
involved.

As a pilot study the work has, however, provided useful basic
information. It is essential to record the production changes
of the lowest trophic level in order to foresee the nutritional
consequenses.

The work also implies that i1t should be possible to take advan-
tage of the warm water discharges. The waste of energy that the
cooling water discharges constitutes today can be converted to

a gain of useful raw materials if naw i1deas are applied. Culti-
vation of fast growing species like blue-green algae, which under
natural conditions often live in warm waters, could bind the
energy to organic material for further use as food or even for me-
thane conversion and later restoring of the energy by burning.
Continued research will provide the knowledge needed to change
what i1s today an ecological hazard into a utilizable resource.
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LEGENDS TO FIGURES

For all figures where a thick and a thin line is applied
the thick line —— is used far conditions in the WARM water
the thin line —_— is used for conditions in the COLD water

Figure No

1. Map over the power station area at Simpevarp and its
surroundings« The heated cooling water is discharged into
Hamnefjarden, and the warm water measurement station
is marked by iiL The cold water station near the iIntake
of cooling water is marked fay C.

2. Sketch of the arrangement for C-14 in situ incubations,
(Similar far bath stations,)

3« - 27, Vertical profiles of all C-14 measurements from May 17,
1975 to Sept. 7, 1976.

26. Variation of the vertically integrated primary production
values with time during the measurement period.

29. Temperature variations measured at the same occasions
as primary production incubations.

30. Variations of Secchi depth in the measurement period.

31. Sketch of the principal causes .for the high primary

production in the hsated cooling water.
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