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ABSTRACT

An important step in managing thermal effluents is calcula-
tion of biological/chemical consequences by means of mathe-
matical models. Different types of models can be used.
Primary production models based on mass balances for phyto-
plankton and nutrients can be used for calculating tempera-
ture effects on biomasses and rates of biological/chemical

" processes. Calculation examples are shown.

Calculations of consequences of entrainment are carried out
by means of a combined 2-dimensional transport-~dispersion
and zooplankton growth-mcdel. The results are presented as
iso-biomasses of zooplankton.

INTRODUCTION

Rational management of thermal effluents is based on evalua-
tions of consequences of a number of discharge alternatives.
Possible biclogical/chemical consequences of the use of sea-
water for power plant cooling are increases in rates of bio-
logical /chemical processes caused by increased temperatures,
and decimation of organisms primarily zooplankton, by en-
trainment in the cooling water system.

It is difficult to evaluate the total effect of these chan-
ges in rates, because the increased temperature will in-
crease as well the primary production process rates as the
decomposition process rates. The evaluations are further-
more complicated by the fact that zooplankton entrainment
will affect biomasses of both phytoplankton and zooplankton.

Because of these complex interrelations between discharge
of thermal effluents, entrainment, and hydraulic conditions
in the discharge area guantitative evaluations of conse-
quences by means of mathematical models can be necessary.
In this paper two types of models are d scribed:
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a one-dimensional primary production model and a two-dimen-
sional zooplankton-entrainment model. The models have been
used for planning the location of a nuclear power plant at
Gyllingna&s, Denmark, see Fig. l.

PRIMARY PRODUCTION MODEL

The model used for the Gyllingnas planning is based on the
works by Chen [l] and Di Toro [2]¢ Models of this type are
mainly used for calculating effects of discharges of nu-

" trients to receiving waters. As temperature is an impor-
tant forcing function in these models, calculations of con-
sequences of thermal effluents can also be carried out,
Dahl-Madsen and Mgller [3]. A first step in the model-
building process is an analysis of. the system in view.

Systems Analysis, Hydraulics.

The simplified hydraulic description used for calculating.
biological/chemical effects is shown in Fig. 1.

The box division and the numeric values in the boxmodel are
based on calculations with a two-dimensional hydrodynamic
and transport-dispersion model. See Rodenhuis [4].

The transport-dispersion rates are calculated by means of a
one-dimensional hydraulic 5-boxmodel. The numeric values
used in the boxmodel are shown in TABLE 1. -

A complete vertical mixing is assumed in each box. A perio-
dical occurrence of haloclines affects the area by adding
nutrients from the nutrient-rich lower water layer. This
stochastic phenomena is not taken into account in the model.
The accuracy of the modelcalculations is for this reason
limited. ' “

Systems Analysis, Biological/Chemical

The statevariables of thevbiological/chemical system are:

phytoplankton
zooplankton
"detritus" in water and sediment
nutrients
dissolved oxygen
Important biological/chemical processes are:

growth of phytoplankton
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growth of zooplankton
sedimentation of phytoplankton and "detritus"
mineralization of "detritus"

A detailed mathematical formulation of the process rates is
given in a Water Quality Institute Report [5]. The mathe~
matical formulation of the phytoplankton growth differs from
most eutrophication models by relating the growth to intra-
cellular concentrations of nitrogen and phosphorus, see
Nyholm [6]. ‘

The forcing functions are:

surface light intensities
temperature
transport—-dispersion

The influence of temperature on the biological/chemical pro-
cess rates is given by the relation shown in Fig 2,

This simple exponential relationship would be insufficient
if the phytoplankton and zooplankton were divided into spe-
cies or groups of species.. A more complex temperature depen-
dency with minima, optima and maxima temperatures for each
species group would be necessary as discussed by Scavia.[7].
However, when all species are lumped into one group and cal-
culations are confined to total system behaviour between

0°c ana 25°%, a simple relationship is found to give reaso-
nable results. It is naturally not p0351b1e by this model
to calculate the effect of temperature increase on species
succession. )

The interrelations of statevariables and processes are shown
in Fig. 3. A mass balance for each statevariable and each
box produce a set of dlfferentlal equations which are solved
numerically.

Solution and Calibration

In the mathematical equations are used a number of parame-
tervalues. The values are obtained through:

direct measurements in the survey area
literature

laboratory experiments

calibration

In TABLE 2 are shown values of some important parameters.
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The results of the calculations are yearly variations of
concentrations of state variables and rates of processes.

To study the feasibility of the sea around Gyllingnas as a
site for discharging power plant effluents a number of sur-
vey activities have been carried out in 1975 [8].

Yearly variations of phytoplankton, zooplankton, nutrient,
and primary production have been measured in the water.

The benthic community has been surveyed through measurements
of biomasses and production of fauna and flora, and through
sedimentological measurements. The data from the measure-
ments in the deeper areas ( >5m) of the total survey area
have then been used for testing the model calculations.

In Fig. 4. are shown comparisons between measured and calcu-
lated yearly variations of statevariables.

The calculations can generally reproduce level and varia-
tions of the statevariables. However, some significant dis-
agreements between measured and calculated values are also
seen.

The calculations can not reproduce the low phytoplankton
concentrations in June/July and the high phytoplankton con-
centrations in August/November. Furthermore the low con-
centrations of zooplankton in late summer are not reprodu-
ced. A number of modelweaknesses can possibly explain these
discrepancies.

Firstly, variations in sedimentation velocities caused by
variations in hydraulic conditions and by species succession
are not accounted for in the model.

Secondly,eventual upwelling of nutrients from nutrlent—rlch
waterlayers are not described.

Thirdly, the influence of phytoplankton succession on the
zooplankton grazing rate is not described.

In Fig. 5. are shown comparisons between measured and cal-
culated values of accumulated process rates. Reasonable
agreements are obtained except for the rate of sedimentation
of "detritus". This rate is measured by use of sediment
traps, and the measurement accuracy is rather low because of
resuspension phenomena.

A more intensive calibration could eventually produce better
agreements between measured and calculated values. However,

especially the very simplified one-dimensional hydraulic and °
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‘topographic description limits the obtainable accuracy .

The calibration is for this reason not continued.

Examples of Calculated'Conseqdences

The discharge of thermal effluents in the area will produce
en excess temperature as shown in TABLE 1 of approximately
2.7°C in box 1. Furthermore the entrainment is assumed to
kill all herbivorous zooplankton and 50% of-the carnivorous
zooplankton, which pass the cooling water system. Each of
these impacts will in itself produce a significant change
in variations and levels of statevariables and processes.
The combined effect of both impacts are shown in Fig. 6.
which compares the standard situation (without effluent)
with the situation in box 1, 2 and 3.

It can be seen from the calculated changes in Fig. 6. that
generally the changes in biomass and concentrations are
small compared to the changes in rates, i.e. turnover rates
of the system are considerably increased. The phytoplank~- -
ton production is increased approximately 30%. A part of
this increase is passed through zooplankton as the grazing
rate is increased approximately 50%. The biomass of herbi-

" vorous zooplankton is lower than in the standard situation

contrary to the expected decrease because of. the entrain-
ment losses. However, the increase in zooplankton biomass
can be explained partly by the higher phytoplankton produc-
tion partly by the decreased predation on the 200p1ankton.

Furthermore the rates of sedimentation of phytoplankton
and "detritus", and the rates of mineralization are in-
creased. The balance between the rates is changed to pro-
duce a considerably lower concentration of organic matter
in the sediment (75% lower).

ZOOPLANKTON ENTRAINMENT

-

The one-dimensional approach for describing entrainment con-

sequences has its clear disadvantages in the open watexr sy--

stems. To obtain a more accurate view of spatial variations

" of zooplanktonbiomasses as a function of entrainment has

been established a combination of a two-dimensional trans-
port—-dispersion model and a simplified zooplankton growth
model.



‘Systems Analysis

The role of the various numerical models in a cooling waterx
-study and their interdependence is described in a paper
presented by Rodenhuis [4].

The zooplankton growth equation is:

dz c~2z

a - Tz 50
where: z = zooplankton‘biomassA
r = maximal specific growth rate
¢ = the carrying capacity for the zooplankton

population.
This equation is solved for each point of the network.

Calculation Results

It is assumed that the zooplankton biomass is reduced 100%
by passing the cooling water system. The basis for the
transport-dispersion is tidal exchange with an amplitude
of - .1l7m. The biomass distribution is statlonary after
approximately 50 tldal cycles. .

Calculations are carried out for two cases:

r = 0 day_l

A zero or very low value of the growth rate would be repre-
sentative for medusae and fishegg. The resulting biomass
distribution is showvm in Fig. 7. From the figure is seen,
that a 50-60% reductlon is possible near the discharge point.
In an area of 30 km  reductions will exceed 30%.

r .= 0,1 day'l

This growth rate value is representative for copepods.

The growth of copepods is normally viewed as density-depen-
dent. The resulting biomass estimation is shown in Fig. 8,
The calculated reduction of biomass is > 30% in an area of
4 km? and >10% in an area of 35 km2.

The mortalities of entrainment are varying for different
groups of organisms. This indicates, that a possible con-
sequence of the entrainment impact would be a general change
in species composition in the discharge area to the favour
of groups of organisms with low entrainment mortallty and a
high reproduction potential.

’
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DISCUSSION

The analysis of survey results from the Gyllingnas site in-
vestigation by means of mathematical models of primary pro-
duction and entrainment have been valuable for structuring
the survey data and for estimating rates of processes which
are difficult to measure. The modelling work has served as
a tool in the total evaluation of the sea around Gyllingnas
as receiving water for thermal effluent. However, the two
types of models which have been applied in this study have
.significant limitations.

The one-dimensional model is relatively realistic biological/
chemically but very simplified hydraulically. ‘The two-dimen-

sional model gives a relatively realistic transport-disper-
sion pattern, but the growth equation is very simplified.

A more realistic total model of the area could logically be
obtained by combining the complex primary production model
with the two-dimensional transport-dispersion model. A de-
velopment of this kind would, however, produce formidable
numerical computertechnical problems because of the high
number of resulting differential equations. Future model-
-ling work will for this sea area be allocated to the attack
of these problems. Furthermore developments to increase
the realism of the primary production model will be tried.

!

REFERENCES

1. Chen,C.W. "Concepts and Utilities of Ecological Model" .
Journal of Sanitary Engineering. Division ASCE 96,
SA5: 1085-1097, 1970.

2. Di Toro, D.M.,0'Connor, D.J. and Thomann, R.V.
YA Dynamic Model of the Phytoplanktcon in the Sacramento-
San Joaquin Delta". Advances in Chemistry Series No. 100.
American Chemical Society, 1971.

3. Dahl-Madsen, K.I., Mpller, Bo and Fenger B.H. "Effects
- 0of Cooling Water Discharge on Primary Production and
Composition of Bottom Fauna in a Fjorxrd". Harvesting
Polluted Waters, ed. by O. Devik : 39-49, 1976.

4. Rodenhuis, G.S. "Numerical Models in Cooling Water Cir-
culation Studies: Techniques, Principle Errors, Practical.
Applications".  This Conference . .



BM

"Water Quality Model for Coastal Marine Areas. Systems-
analysis", (in Danish). Report from the Water Quality
Institute, 1976. '

Nyholm, N. "Kinetics of Nitrogen-Limited Algal Growth."
in: Conference on Nitrogen as a Water Pollutant, Vol. 2,
IAWR Specialized Conference, Copenhagen, August 18-20.,
1878, x

Scavia, D. and Park, R.A. "Documentation of Selécted
Constructs and Parameter Values in the Aquatic Model
Cleanexr”. Ecological Modelling, 2: 33~58, 1976.

"Surveys around Gyllingnas" (in Danish). Report from

the Water Quality Institute, 1975.

——pAt A e e - Skl e E - . = ~ . i e = st 7 . e em . "
= e



TABLE 1

Numeric vValues for Boxmodel

- Value Exchange Depth Excess Effluent
Box Volume Temp. '
10%n3 '106m3/day m % m3/s
1 30 40 10 2l =
2 - 120 100 10 1.3
3 300 100- 10’ 0.1 100m>/s
"4 1050 100 10 0.2
B 3000 100 10 0.001
Boundary
!
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TABLE 2

Important Parameters for the Primary Production Model

maximum specific phytoplankton growth rate
maximum specific grazing rate

temperature coefficient

maximum specific death rate for phytoplankton

sedimentation velocity for phytoplankton

‘dimensionless

day—l

m/day

1.5

1.07
0.1
0.5
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PROCESSES and STATE VARIABLES
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1. production, phytoplankton ‘ 7. xespiration, zooplankton
2. sedimentation, phytoplankton 8. mineralization of detritus

" : in water
3. grazing .

4. death, phytoplankton 8. sedimentation of detritus

5. excretion, zooélankton 10. mineralization in sediment

6. death, zooplankton 11. accumulation in sediment

¥ig. 3 Processés and state variables in the primary

prdduction model.
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CALCULATED VALUES
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ABSTRACT

An important step in managing thermal effluents is calcula-
tion of biological/chemical consequences by means of mathe-
matical models. Different types of models can be used.
Primary production models based on mass balances for phyto-
plankton and nutrients can be used for calculating tempera-
ture effects on biomasses and rates of biological/chemical

" processes. Calculation examples are shown.

Calculations of consequences of entrainment are carried out
by means of a combined 2-dimensional transport-~dispersion
and zooplankton growth-mcdel. The results are presented as
iso-biomasses of zooplankton.

INTRODUCTION

Rational management of thermal effluents is based on evalua-
tions of consequences of a number of discharge alternatives.
Possible biclogical/chemical consequences of the use of sea-
water for power plant cooling are increases in rates of bio-
logical /chemical processes caused by increased temperatures,
and decimation of organisms primarily zooplankton, by en-
trainment in the cooling water system.

It is difficult to evaluate the total effect of these chan-
ges in rates, because the increased temperature will in-
crease as well the primary production process rates as the
decomposition process rates. The evaluations are further-
more complicated by the fact that zooplankton entrainment
will affect biomasses of both phytoplankton and zooplankton.

Because of these complex interrelations between discharge
of thermal effluents, entrainment, and hydraulic conditions
in the discharge area guantitative evaluations of conse-
quences by means of mathematical models can be necessary.
In this paper two types of models are d scribed:
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a one-dimensional primary production model and a two-dimen-
sional zooplankton-entrainment model. The models have been
used for planning the location of a nuclear power plant at
Gyllingna&s, Denmark, see Fig. l.

PRIMARY PRODUCTION MODEL

The model used for the Gyllingnas planning is based on the
works by Chen [l] and Di Toro [2]¢ Models of this type are
mainly used for calculating effects of discharges of nu-

" trients to receiving waters. As temperature is an impor-
tant forcing function in these models, calculations of con-
sequences of thermal effluents can also be carried out,
Dahl-Madsen and Mgller [3]. A first step in the model-
building process is an analysis of. the system in view.

Systems Analysis, Hydraulics.

The simplified hydraulic description used for calculating.
biological/chemical effects is shown in Fig. 1.

The box division and the numeric values in the boxmodel are
based on calculations with a two-dimensional hydrodynamic
and transport-dispersion model. See Rodenhuis [4].

The transport-dispersion rates are calculated by means of a
one-dimensional hydraulic 5-boxmodel. The numeric values
used in the boxmodel are shown in TABLE 1. -

A complete vertical mixing is assumed in each box. A perio-
dical occurrence of haloclines affects the area by adding
nutrients from the nutrient-rich lower water layer. This
stochastic phenomena is not taken into account in the model.
The accuracy of the modelcalculations is for this reason
limited. ' “

Systems Analysis, Biological/Chemical

The statevariables of thevbiological/chemical system are:

phytoplankton
zooplankton
"detritus" in water and sediment
nutrients
dissolved oxygen
Important biological/chemical processes are:

growth of phytoplankton
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growth of zooplankton
sedimentation of phytoplankton and "detritus"
mineralization of "detritus"

A detailed mathematical formulation of the process rates is
given in a Water Quality Institute Report [5]. The mathe~
matical formulation of the phytoplankton growth differs from
most eutrophication models by relating the growth to intra-
cellular concentrations of nitrogen and phosphorus, see
Nyholm [6]. ‘

The forcing functions are:

surface light intensities
temperature
transport—-dispersion

The influence of temperature on the biological/chemical pro-
cess rates is given by the relation shown in Fig 2,

This simple exponential relationship would be insufficient
if the phytoplankton and zooplankton were divided into spe-
cies or groups of species.. A more complex temperature depen-
dency with minima, optima and maxima temperatures for each
species group would be necessary as discussed by Scavia.[7].
However, when all species are lumped into one group and cal-
culations are confined to total system behaviour between

0°c ana 25°%, a simple relationship is found to give reaso-
nable results. It is naturally not p0351b1e by this model
to calculate the effect of temperature increase on species
succession. )

The interrelations of statevariables and processes are shown
in Fig. 3. A mass balance for each statevariable and each
box produce a set of dlfferentlal equations which are solved
numerically.

Solution and Calibration

In the mathematical equations are used a number of parame-
tervalues. The values are obtained through:

direct measurements in the survey area
literature

laboratory experiments

calibration

In TABLE 2 are shown values of some important parameters.
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The results of the calculations are yearly variations of
concentrations of state variables and rates of processes.

To study the feasibility of the sea around Gyllingnas as a
site for discharging power plant effluents a number of sur-
vey activities have been carried out in 1975 [8].

Yearly variations of phytoplankton, zooplankton, nutrient,
and primary production have been measured in the water.

The benthic community has been surveyed through measurements
of biomasses and production of fauna and flora, and through
sedimentological measurements. The data from the measure-
ments in the deeper areas ( >5m) of the total survey area
have then been used for testing the model calculations.

In Fig. 4. are shown comparisons between measured and calcu-
lated yearly variations of statevariables.

The calculations can generally reproduce level and varia-
tions of the statevariables. However, some significant dis-
agreements between measured and calculated values are also
seen.

The calculations can not reproduce the low phytoplankton
concentrations in June/July and the high phytoplankton con-
centrations in August/November. Furthermore the low con-
centrations of zooplankton in late summer are not reprodu-
ced. A number of modelweaknesses can possibly explain these
discrepancies.

Firstly, variations in sedimentation velocities caused by
variations in hydraulic conditions and by species succession
are not accounted for in the model.

Secondly,eventual upwelling of nutrients from nutrlent—rlch
waterlayers are not described.

Thirdly, the influence of phytoplankton succession on the
zooplankton grazing rate is not described.

In Fig. 5. are shown comparisons between measured and cal-
culated values of accumulated process rates. Reasonable
agreements are obtained except for the rate of sedimentation
of "detritus". This rate is measured by use of sediment
traps, and the measurement accuracy is rather low because of
resuspension phenomena.

A more intensive calibration could eventually produce better
agreements between measured and calculated values. However,

especially the very simplified one-dimensional hydraulic and °
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‘topographic description limits the obtainable accuracy .

The calibration is for this reason not continued.

Examples of Calculated'Conseqdences

The discharge of thermal effluents in the area will produce
en excess temperature as shown in TABLE 1 of approximately
2.7°C in box 1. Furthermore the entrainment is assumed to
kill all herbivorous zooplankton and 50% of-the carnivorous
zooplankton, which pass the cooling water system. Each of
these impacts will in itself produce a significant change
in variations and levels of statevariables and processes.
The combined effect of both impacts are shown in Fig. 6.
which compares the standard situation (without effluent)
with the situation in box 1, 2 and 3.

It can be seen from the calculated changes in Fig. 6. that
generally the changes in biomass and concentrations are
small compared to the changes in rates, i.e. turnover rates
of the system are considerably increased. The phytoplank~- -
ton production is increased approximately 30%. A part of
this increase is passed through zooplankton as the grazing
rate is increased approximately 50%. The biomass of herbi-

" vorous zooplankton is lower than in the standard situation

contrary to the expected decrease because of. the entrain-
ment losses. However, the increase in zooplankton biomass
can be explained partly by the higher phytoplankton produc-
tion partly by the decreased predation on the 200p1ankton.

Furthermore the rates of sedimentation of phytoplankton
and "detritus", and the rates of mineralization are in-
creased. The balance between the rates is changed to pro-
duce a considerably lower concentration of organic matter
in the sediment (75% lower).

ZOOPLANKTON ENTRAINMENT

-

The one-dimensional approach for describing entrainment con-

sequences has its clear disadvantages in the open watexr sy--

stems. To obtain a more accurate view of spatial variations

" of zooplanktonbiomasses as a function of entrainment has

been established a combination of a two-dimensional trans-
port—-dispersion model and a simplified zooplankton growth
model.



‘Systems Analysis

The role of the various numerical models in a cooling waterx
-study and their interdependence is described in a paper
presented by Rodenhuis [4].

The zooplankton growth equation is:

dz c~2z

a - Tz 50
where: z = zooplankton‘biomassA
r = maximal specific growth rate
¢ = the carrying capacity for the zooplankton

population.
This equation is solved for each point of the network.

Calculation Results

It is assumed that the zooplankton biomass is reduced 100%
by passing the cooling water system. The basis for the
transport-dispersion is tidal exchange with an amplitude
of - .1l7m. The biomass distribution is statlonary after
approximately 50 tldal cycles. .

Calculations are carried out for two cases:

r = 0 day_l

A zero or very low value of the growth rate would be repre-
sentative for medusae and fishegg. The resulting biomass
distribution is showvm in Fig. 7. From the figure is seen,
that a 50-60% reductlon is possible near the discharge point.
In an area of 30 km  reductions will exceed 30%.

r .= 0,1 day'l

This growth rate value is representative for copepods.

The growth of copepods is normally viewed as density-depen-
dent. The resulting biomass estimation is shown in Fig. 8,
The calculated reduction of biomass is > 30% in an area of
4 km? and >10% in an area of 35 km2.

The mortalities of entrainment are varying for different
groups of organisms. This indicates, that a possible con-
sequence of the entrainment impact would be a general change
in species composition in the discharge area to the favour
of groups of organisms with low entrainment mortallty and a
high reproduction potential.
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DISCUSSION

The analysis of survey results from the Gyllingnas site in-
vestigation by means of mathematical models of primary pro-
duction and entrainment have been valuable for structuring
the survey data and for estimating rates of processes which
are difficult to measure. The modelling work has served as
a tool in the total evaluation of the sea around Gyllingnas
as receiving water for thermal effluent. However, the two
types of models which have been applied in this study have
.significant limitations.

The one-dimensional model is relatively realistic biological/
chemically but very simplified hydraulically. ‘The two-dimen-

sional model gives a relatively realistic transport-disper-
sion pattern, but the growth equation is very simplified.

A more realistic total model of the area could logically be
obtained by combining the complex primary production model
with the two-dimensional transport-dispersion model. A de-
velopment of this kind would, however, produce formidable
numerical computertechnical problems because of the high
number of resulting differential equations. Future model-
-ling work will for this sea area be allocated to the attack
of these problems. Furthermore developments to increase
the realism of the primary production model will be tried.
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TABLE 1

Numeric vValues for Boxmodel

- Value Exchange Depth Excess Effluent
Box Volume Temp. '
10%n3 '106m3/day m % m3/s
1 30 40 10 2l =
2 - 120 100 10 1.3
3 300 100- 10’ 0.1 100m>/s
"4 1050 100 10 0.2
B 3000 100 10 0.001
Boundary
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TABLE 2

Important Parameters for the Primary Production Model

maximum specific phytoplankton growth rate
maximum specific grazing rate

temperature coefficient

maximum specific death rate for phytoplankton

sedimentation velocity for phytoplankton

‘dimensionless

day—l

m/day

1.5

1.07
0.1
0.5

BM - 10 -~




» A

B A

.

e —

Commrmwmaey

ic

on - for -the hydraul

ivisi

Survey area and box @

Fig. 1

boxmodel .

BM

- 11

e - — -



BM

Rate

e

12

Temperature



PROCESSES and STATE VARIABLES

[4—>
DETRITUS -

.
/ :
Y g | PHYTO- 3. | zoo- | 8
PLANKTON "1PLANKTCN |
2 1 47
seowenT| 10 ~{ INORGANIC
l 11
. ' PROCESSES
% The numbers on the figure refer to:
1. production, phytoplankton ‘ 7. xespiration, zooplankton
2. sedimentation, phytoplankton 8. mineralization of detritus

" : in water
3. grazing .

4. death, phytoplankton 8. sedimentation of detritus

5. excretion, zooélankton 10. mineralization in sediment

6. death, zooplankton 11. accumulation in sediment

¥ig. 3 Processés and state variables in the primary

prdduction model.
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3 B
phytoplankton biomass
mgC /s m3 ’
© maezsured 975 -
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berbivorous zooplankton
G
myCsm g oo
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organic carbon . inorganic phosphorus
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gCsmd telcwtated ) .
. " ] 5
© megswred 1573

o colcuicted

o .
210 D 3N 3 XS duyw

4. 1 t
X 33X 363 doys 6 2 W 0 %@

: Fig. 4 Comparison between calculated and measured values
of yearly variations of state variables.
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CALCULATED VALUES

<—>
DETRITYS |
0 9 F-N
16,1 ’ 4,8 4.8 .
PHYTO-PL ’ 2G6-PL
18,7 <— 0.160 " 0,022 17,4
14,1 66,1 [ 6,7
SEDMENT 32,6 ~ INORGANIC
7.4
f S
MEASURED VALUES 1975 N
: CETRITUS
. %
PrYIo-P 200- PL
56 < 5 1m0 "|L_o0,016
70 %
| 16 2 +
SenmenT) 23 +1 INORGANIC

¥ilg. 5 Comparison between calculated and measured
values of accumulated process rates.
The process rates are in gC/mz/year.

The calculations are averaged for the period
March—~October.
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SEYRTUS
30,9 14,8 4,8
PHYTCPL. 16,1 4zoceL. | 17.4
187 <= 5160 0,022 ¢+ =
21,1 6637 6,7
SromEn 32,% —} INORGAKK |
7.4
Boks 1
, Overtemp. oETRiTUS e
(o]
2,7 C 30' 3 A
. 7,3 4,0
PHYTS PL 24,4 [ zeoPl 30,4
27,2 < 0,164 1. 0,024
22,5 89,6 {10,
’ SEDMENTL 48,1 51 INCRGANIG
!1,6
R
. Boks 2
overtemp. DETRITUS I
o
1,37¢ C
' . 30,6 7.4
PHYTOPL 24,6 .} 20CPL
24,2 «—pi 0,162 " 5.029 ) 2.4,6
21,8 9,0 10,2
\lv Y .
sepaent) 40,7 5} INORGANIT]
5,3
S
"Boks 3 ) "
overtemp. DETRITUS |
0,7% 30,4 i 5,6
7,0
PHYTO PL 23,4 208G PL 22,3
0,160 . 1L0.030 <
: 21,4 34,3 19,8
ceomanil 37,6 +1INGREANIC
6,7
Fig. 6 Calculated changes in process rates caused by
increases in temperature.
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