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TNTRODUCTTION,

The fellowing report describes an investigation of the lakes

St

lraagencesvatn, Hanangervatn, Heseimvatn and Brastadvain as pos-
sible sources of industrial water for Elektrokemisk A/S, (Osl@).
The samples were taken and observations in the field made on the
25th and 26th July, 1962. The purpose of the investigation was
to determine the gquality of the water in these lakes, particular-
iy with regard to use of the water as a cooclant. In judging the
usefulness of a water for cocling purpcses the possibilities for
corrosion and biclogical growth in the cooling systems are of

particular interest.

RESULTS OF THE INVESTIGATION.

The results of the limmological investigation and of the physico-
chemical analyses carried out on water samples from the various
lakes are shown in table 1 and figure 1. In figure 2 is given

Y

a survey sketch of the lcocalisation of the sampling stations,

which were chosen to lie in the deepest areas of the lakes.
These lakes lie in a bedrock area which consists of acidic and
difficultly ercdable rock types. The loose surface covering is
sand and gravel. There is a good deal of cultivated land in
the watersheds. The lakes shores are toc a large extent over-

grown with higher pla

.

2.1, Kraoagenesvatn, station 1.

This lake is contemplated as the intake reservoir for the pro-
jecved factory. The depth was approximatsly 14,5 m at the samp-

ling station.

The temperature curve in figure 1 shows that the thermocline is
not very dis+tinct and lies deep., This is a result of the fact
that the lake is situated in an exposed position in a flat area
with a mild climate and much wind, so that in summer the water
at the surface become heated, and with the help of the wind is
mixed with the deever layvers. The change in temperature with
depth begins =zt 8 m. At this depth the oxygen content of the

2

water suddenly decreases and at 14 m there is practically no
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oxygen present. This condition is due to the decomposition of
organic material by micro-organisms in the lake. Oxygen is used
in this decomposition process and the transfer of oxygen from

the surface layers is too small to counterbalance the consumption

in the summer.

The pH of the water is slightly acidic and decreases with depth,
probably because acidic compounds are produced by the decompo-

sition processes in the lower layers.

The hardness of the water is relatively low, and the chloride
content is due to the fact that the lake is near the sea. The
electrical conductivity increases with depth as a result of

mineralisation and decomposition processes in the deeper layers.

The colour, turbidity and permanganate value for the water are
relatively low at the surface but increase with depth owing to
the biological decomposition processes. Apart from in the
deepest layer, there is relatively little iron and manganese in

the water.

2.2, Hanangervatn, station 2,

This lake is connected to Xraagenesvatn by a narrow sound. The
depth at the sampling station was circa 10 m. The temperature
curve shows little difference between the surface and lower
layers of the lake. Hanangervatn is greater in surface area
than Kraagenesvatn and is more affected by wind and waves, SO
that mixing of the lavers is more extensive than in Kraagenes-
vatn. As a result the conditions of oxygenation in the lake are

good at all depths.

The pH of the water is a little higher than in Kraoagenesvatn,
while the conductivity is consistently a iittle lower. The
hardness is insignificantly lower than in Kraagenesvatn. Colour,
turbidity and permanganate value are all lower than in Kraage-

nesvatn and the diron- and manganese contents are low.

The water in Hanangervatn is from a chemical point of view

better throughout in quality than in Kraagenesvatn,.



2.3. Neseimvatn, station 3.

The depth measured at the sampling station was circa 12 m. This
lake resembles Hanangervatn with regard to temperature measure-
ments and oxygen content. The pH of the water varies between
7.0 and 7,1 from the surface to the botton. The electrolytic
conductivity and hardness are higher than in Kraagenesvatn and

Hanangervatn,

The colour of the water is higher than in Hanangervatn and of
about the same order as in Xraagenesvatn. The same applies to
the permanganate value, whilst the turbidity is low. The con-
tent of manganese is small but the iron concentration is a little
higher than that regarded as desirable for a good-quality drink-

ing watexr.

2.4, Prastvatn, station 4.

The depth measured at the sampling station was circa 12 m. No
real thermocline is evident from the temperature data but the
water below 10 m is a little colder than that above 10 m., At

10 m a decrease in oxygen due to decomposition processes becomes
apparent. The water in the deepest layer does not become mixed
with that in the shallower layer so that aeration cannot proceed
to the same extent as in Hanangervatn and Neseimvatn., With
regard to temperature and oxygen, it might be said that Prast-
vatn occupies a position between XKraagenesvatn on the one hand

and Hanangervatn and Neseimvatn on the other.

The pH of the water of Pramstvatn is a little on the acid side,
and it decreases with depth owing tc the production of acidic
compounds by decompositicn processes. The electrelytic conduc-
tivity and hardness are lower than those of Kraagenesvatn,
Hanangervatn and Neseimvatn. The conductivity increases with
depth because of mineralisation due to the decomposition pro-
cesses. Colour, turbidity and permanganate value are all low
but increase in the deeper layvers. The content of iron and

manganese is low apart from in the deepest layers.



2.5, Brastadvatn, station 5.

.

pling station was circa 10 m. The

g

The depth measured at the sam
conditions of temperature and oxygenation here are similar to

v

those measured in Hanangervatn and Neseimvatn.

The pH varies from 6,9 - 2 and the electrolytic conductivity

75
from 11,3 - 11,4 . 1072 onm™'. ou”'. The conductivity and hard-
ness are thus higher than in any of the other four lakes. The
turbidity is also a little higher than in the other lakes.
Colour, permanganate value and iron content are very high, pro-
bably owing to large quantities of humus which enter the water
from marshy land. From a chemical standpoint the water of Bra-

stadvatn is of poor quality.

2.6, Corrosiveness of the different lake watcrs.

To obtain some idea of the corrosiveness of the lake waters

towards cobjects made of cement,a "marble test" was carried out

on sanmples from Kraagenesvatn, Hanangervatn, Neseimvatn, and Prast-
vatn.The samples were taken from a depth of 2 m in each case.The ebi-
lity of the water to dissolve calcium carbonate over a contact
periocd of 3 days was determined. The result of the marble test

is really a measure of the content of calcium-carbomnate corroding
carbon dioxide, Carbon dicxide dissclved in the water trans-

forms the inscluble calcium carbenate to scluble calcium bicar-
beonate. The results of the marble itest are presented in table

2. All values are given as mg calcium carbonate/l1. The figures

in the table show that the water from each of the lakes contains

a certain amcunt of carbon diocxide. The content of carbon diocx-
ide is highest in Prasstvatn, where the water is of low alkali-
nity, hardness and pi. The increase in alkalinity and hardness

in Kraagenesvatn, Hanangervatn and Neseimvatn is of the sanme

crder.

2,7, Water samples from streams, stations 6, 7 and 8,

Stations 6, 7 and 8 in table 1 represent samples from streams,
Station 6 is in the stream from Brastadvatn below the waste
water ocutfall from a dairy. Station 7 is in the stream from

Prestvatn, while station & is in the stream below the confluence



of the streams from Brastadvatn and Pramstvatn. The figures in
table 1 and ohservations in situ show that the water in the
stream at station 6 and station 8 is affected by the waste water

from the dairy.

SUMMARY AND CONCLUSIONS.

We have carried out, for Elektrokemisk A/S., Oslo, a limnolo-
gical and physicochemical investigation of the lakes Kraagenes-
vatn, Hanangervatn, Neseimvatn, Prazstvatn and Brastadvatn, at
Lista. The results are presented in table 1 « 2 and figure 1.

Figure 2 is a survey sketch showing the positions of the samp-

ling stations,

The temperature values for Kraagenesvatn show a poorly developed
and deep lying thermocline. Below & m the oxygen content of the
water decreases owing to decomposition of crganic materials.

In spite of the small temperature difference between the upper
and lower layers, ths lake is relatively well stabilised. The
temperature of the water is high enough to permit rapid decompo-
sition in the lower layers. The hardness is relatively low as
are the colour, turbidity, permanganate value, and iron and man-

ganese contents, apart from in the decompesition zone.

There is ne marked thermocline in Hanangervatn, and the tempe-
rature is about the same from the surface to the bottom. Under
these conditions the wind causes practically complete mixing of
the water masses at all depths and as a consequence of this good
aeration the oxvgen content is about the same throughout the
lake. The water in Hanangervatn is a little more basic {(pH

7,0 - 7,1) than that in Xraagenesvatn, and the electrolytic con-
ductivity is =2 little lower than in Kraagenesvatn. The water in

pect to colour

oy

Hanangervatn is chemically, particularly with res
and organic matter, of better quality throughout than that in

Eraagenesvatn,

The temperature and oxygen values for Neseimvatn correspond to
those of Hanangervatn. The pH is the same as in Hanangervatn,
but the conductivity and hardness are higher than in Xraagenes-

vatn and Hanangervatn.The colour and permanganate value for Nes-
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eimvatn are in the main similar to those in the oxygen-rich part
of Kraagenesvatn. From a chemical point of wview the gquality of
the water in Neseimvatn is slightly better than that of Kraagenes-

vatn but not quite as good as that of Hanangervatn.

The temperature and oxyvgen values for Prazstvatn show that the
deep layers contain rather colder water where decomposition is
occurring. The low oxygen wvalues near the bottom have the same
cause as in Kreazgenesvatn. Prestvatn has a lower pH, electro-
lytic conductivity and hardness than Xraagemnesvatn, Hanangervatn
and Neseimvatn. Apart from in the decomposition zone, the colour
and permanganate value are of the same order as in Hanangervatn,
Therefore, with regard to the content of organic matter, as ex-
pressed by colour and permanganate value, the water in the upper
layvers of Prastvatn is of the same guality, chemically speaking,

as that cof Hanangervatn,

The wvalue for temperature and oxygen content in Brastadvatn
correspond to those for Hanangervatn and Neseimvatn. The pH
varies from 6,9 - 7,2. The electrolytic conductivity is higher
than in Kraagenesvatn, Hanangervatn, Neseimvatn and Prastvatn,
and the hardness is therefore also highexr. The colour, perman-
ganate value and iron content are all wvery high, probably owing
to the presence of humus. The chemical qguality of the water in

Brastadvatn is poor.

Taking all the observaticns inte comnsideration, it is possible
to classify roughly the upper layers of the waters of the 5

lakes in order cof decreasing chemical guality as follows:

He. 1 - Hanangervatn,

" 2 - Prestvatn.

" 3 - Heseimvatn,

" L4 - Kraagenesvatn.
" 5 « Brastadvatn,

All of the lakes are somewhat eutrophied {i.e. rich in nutrients),
a condition which amongst other things is indicated by the wvalues

for oczyvgen and the vegetation in the litteral zones.

The marble test shows that the water in Kraagenesvatn, Hananger-
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vatn, Neseimvatn and Prastvatn contains & certain amount of cal-
ciumcarbonate-corroding carbon dioxide, the amount being highest

in the case of Prastvatn.

An intake in Kraagenesvatn should not be placed below a depth of
8 m because of the possibility of drawing off water of none
ocxygen content. In all probability the water from Kraagenesvatn,
besides being slightly corrosive towards objects of cement, will
also corrode certain metals. The possibility of addition of
inhibitors must be appraised on the basis of the nature of the

cooling system and the quality of the water.

Biological growth in the coocling system, with comsequent slowing
down of flow rate, is another pessibility that must be considered.
Development of such growth can be controlled by chlorination of

the coocling water.
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AFPENDIX I 0 -~ 4962,

Some comments to our report 0 - L49/62

"Water Supply for Industry_at Lista'.

INTRODUCTION,

As far as water analyses are concerned, there are many different
methods and standards in different countries. In the following

we are going to explain the different water quality criteria

we have used in our report.

WATER QUALITY CRITERIA,

The procedures for the methods we use for our water analyses are,
except for permanganate determination (p. 5), to a great extent
listed in "Standard Methods" (American Publ, Health Association
inc. 10th and 11th Ed. 1955 and 1960 rsp). Some of the methods

in "Standard Methods" are slightly modified to suit our laboratory

and the types of water we have in this country.

2.1 pH,

pH is aueasure of the strength or intensity of acidity or alkalinity
in water. It is expressed as logarithm of the resiprocal of the
hydrogen-ion concentration or the hydrogen-ion activity in
moles/liter. The pH scale extends from O - 14 with a pH of 7,0
corresponding to neutrality; a perfect balance between dissociat-
ed hydrogen- and hydroxyl-ions. A pH value below 7,0 means an

acid condition or concentration of hydrogen-ions and a pH above

7,0 denotes a concentration of hydroxyl-ion. The lower the wvalue
the more acid the reaction, and the higher the wvalue the more

alkaline the solution., We have measured pH with a glass electrode.

Specific electrical conductivity.

Specific conductivity is a measure of the mineral salts in
solution, and are closely related to the sum of the anions or

the cations which may be determined by specific chemical analysis.

On relatively pure waters, conductivity will usually correlate

closely with the dissolved residue present, This determation is

¢
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normally applied only as a measure of specific water quality

criteria. Specific conductivity is the resiprocal of the electric
. 2 .

resistance measured between two electrodes 1 cm apart and 1 cm in

cross section. We have measured conductivity with a Phillips
Wheatstone Bridge.

Colour,

Colour of water is expressed in mg Pt/1 (Hazen units). It is
usually defined as the true colour, or that due only to substances
which are actually in solution, i.e. colour in filtered water
samples., This colour may be caused by natural, mineral or vege-
table substances or from soluble inorganic or organic materials,
Colour is quite often confused with turbidity., Colour and turb-
idity together are often named apparant colour. We have determined

apparant colour with filter photometer (EEL, 10 cm cells), i.e.

colour on unfiltered samples, This instrument has been calibrated
with a standard platinium cobolt solution. (Hazen solution.)
2.4 Turbidity,

2.5

Turbidity is a measure of the effect that suspended or colloidal

materials have in disturbing clarity or diminishing the

penetration of light. It is actually a measure of appearance,
Turbid waters means the converse of clear waters. Turbidity is
often confused with colour or suspended solids. However, turbidity

is a measure of the extent to which the intensity of light passing
through is reduced by suspended matter and not a measure of
substances in solution (true colour). Also, the degree of turbidity
is not equal to the concentration {(or quantity) of suspended solids,
but only an expression of one effect of suspended solids upon the
character of water. We have measured turbidity by the use of
Tyndall effect with a Sigrist electric Filter Photometer. This
instrument is first calibrated with standard silica suspensions,
which originally are calibrated with the Jackson candle

turbidimeter,

Permanganate value.

Permanganate determination is a method for determining chemical
oxygen demand on water samples. It is a laboratory test which

measures the proportion of organic matter chemically oxidized
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under controlled conditions, and indicates the portion of the
carbonaceous matter in water which is reactive to chemical oxi-
dation. For permanganate values determination we have used a
method (p. 5) which is standard procedure in this country. This
method is based on well known international methods (for example
"Standard Methods" 8 Ed., 1936) for chemical oxygen demand tests
and in detail the procedure is worked out by the Norwegian State
Institute for Public Health, Chemical Department. At present,
the standard method for chemical oxygen demand in U.S.A. is the
bichromate method, which is assumed to give a more complete oxi-
dation of organic matter in water than permanganate, However,
permanganate value is believed to give a fairly good indication
of the organic contents in water. It is difficult to correlate
permanganate values with corresponding bichromate values, but it
is thought and there is some information in literature indicating
that a factor between 2 -~ 5 can be applied for converting perman-

ganate values to corresponding bichromate wvalues.

Alkalinity.

The alkalinity of water can be defined as the capacity of the water
for neutrelizing acidity. Pure water itself will jionize very
slightly with each of the hydrogen (H+) and hydroxyl (OH™) products
of dissociation carrving an electrostatic charge. In pure water
these charges are equal and opposite. They balance each other and
maintain a condition known as neutrality. Other compounds may
dissociate in a similar manner and a basic law controls the
equilibrium or determines the respective concentrations or activity
of dons, VWhen any material is added to disturb this equilibrium
with an excess of hydroxyl ions resulting, the water becomes
alkaline, The alkalinity of water is usually imparted by the
presence of carbonate, bicarbonate, hydroxides and less frequently
borates, silicates, phosphates and organic substances. Of these,
bicarbonates are the more normal constituents of water and hydroxide
or carbonate alkalinity is not often found in untreated waters,
Although related, alkalinity should not be confused with pH, as
alkalinity is a quantitative measure of the active and reserve
power of neutralization, whereas pH represents an intensity of
materials in an ionized form. Some materials will dissociate
only partially and some natural waters possess a buffer effect.

A relatively pure water may exhibit a low alkalinity with a pH
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near 7, and a buffered water may exhibit a high total alkalinity
at pH 6, Standard procedures for determination of alkalinity are
based on titration with standard acid to end points of pH 8,3 and
L 3, (Phenclphtalein and methylorange being indicators resp.)

As all natural water samples in our report Hawe:a lower pH than
8,3, these samples have no phenolphtalein alkalinity, but only

total alkalinity which consists mainly of bicarbonates.

Sulphate, chloride, phosphate, hardness, magnesium, iron and

2.8

manganese ,

A1l these constituents are normal components in natural water,

Hardness expresses the sum of calcium and magnesium ions present

in the water.

Oxygen.

Oxygen is present as a normal dissolved component in natural water,
The oxygen content is an important indicator on the quality of
the water., For oxygen determination we have used a modified

Winkler method (Alsterbergs modification).

HUMIC SUBSTANCES 1IN WATER:

Most water-types in our country contain a certain amount of humic
components which are substances extracted from soil and transported
to different lakes and rivers. These humic substances are soluble
compounds with a certain colloidal behavior. The character of
humic substances in water is to a great extent unknown, but these
substances are believed to be complex organic components with a
relatively high molecular weight. The humic substances cause a
yellowish-brown colour in water. Therefore,colour measurements of
water samples together with permanganate determination,are believed
to give a fairly accurate and sensitive estimation of the content

of humic components.

NORWEGIAN INSTITUTE FOR WATER RESEARCH
Blindern 1962

// J.E. Samdal

Cand. real
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From the NORWEGIAN STATE INSTITUTE FOR PUBLIC HEALTH.
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APPARATUS: Water bath.

Stop watch.
200 mls Erlenmever flask,

10 mls buret.

REAGENTS : H,80, (1 + 3).
N/100 KMnO,, .

1 la,C .

N/100 Na 50,

2
PROCEDURE: 100 mls sample. |
5 mls H.S0, (1 + 3),: ~dded to the
2™k | BErlenmeyer flask.
20 mls N/100 KMnOy . :

-

Put the Erlenmeyer flask in the water bath (boiling) for
exactly 20 minutes. Use stop watch. Add 20 mls N/100 Na20204
solution and titrate back excess oxalic solution with N/100

KMnO, solution (to iight pink colour).

If the consume is more than 8 mls, the sample must be diluted

with destilled water before start.

CALCULATION:

10 . (the permanganate consumption of the analysis - blank)
= mls N/100 KMnOa/liter.

3 . 20

I H 1 a jes] KM s = .
EXAMPLE 20 mls N Zczoa 20,5 mls ﬁanh f 30,5
Blank: 100 mls destilled water treated im the same way as

the sample.
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APPENDIX IT

Increased evaporation from Kraagenesvatn

after the discharge of cooling water.

GQuite generally, the evaporation from a lake depends on some
climatic, variable factors. Without these factors being known,

it is difficult to give a true calculation of evaporation. The
temperature in the waver and the air plays an important part in

the heat balance of a lake. Heat of radiation, cloudiness, humidity
in the air, wind and also currents in the lake are all of consider-

able imporatance in the heat budget of a lake.

Usually, evaporation from a lake is determined by measuring in
special evaporation apparatus. However, it is also possible to

calculate the evaporation from the following empirical equation:

Q_ - Cl
Lo 2
V =
t‘] ta
L (1 + 0,64 T -1 )
w a
Here:; V is evaporation in cm.

2
g (Cal/cm™ 24 h) is heat absorbed as radiation.

Q, (Cal/em®/24 h) is heat lost as radiation.

L (385 cal/g) is heat of evaporation from water,

t (°c) is temperature of water.

t (°c) is temperature of air.

lw (mb) is maximum water vapour pressure at temperature two.

l,1 (mb) is true water vapour pressure in the air.
i

The equation is valid for a lake under natural conditions, i.e. heat
is either added or removed from the lake in an artificial way.
However, when cooling water is discharged to a lake, there will be
an increase in temperature. This increase will be greatest near

the outlet of the cooling water; and from here on there will be

a decrease depending on mixing conditions etc. Approximate
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calculations of the increase in temperature in Kraagenesvatn after
the discharge of cooling water can be based on some siumplifications
and assumptions. We have estimated the total volume of the lake

to one million mB. Toe temperature of the water is assumed to be
10°c through the whole body of water in a certain time interval.

By definition, one calorie is the amount of heat necessary to raise
the tempersature 1°C in 1 g of water. Taking the density of the

water as unity, the wotal, natural heat content in Kraagenesvatn

13 3

is therefore 10 cai. The average flow of cooling water is 1 m

per second, and the temperature of this water at the outlet is

assumed to be 20°C. If the intake water in Hanangervatn has a
temperature of lOOC, the amount of heat added to Kraagenesvatn in
24 hours is about 1,7 . lO12 cal., Hence, the increase in temperature

in 24 hours is approximately 1,7°C and the heat added to the lake
during approximately 6 days will theoretically increase in the same
order as the total, natural heat contents. This heat is converted
to heat of radiation, evaporation etc. Part of the heat is removed
from Kraagenesvatn by water overflowing from the lake. Assuming
that maximum half of the heat added is used for water evaporation,

i.e. 0,85 . 1012 cal., this amounts to an increase in water

3

evaporation of about 1450 m~ per 24 hours, or approximately

5,3 . 105 m3 per year. Kraagenesvatn is approximately 6 , 105 m2
in area. The natural, maXimum evaporation during for example

3 months in summer can be estimated to 0,2 m, i.e. 1,2 . 105 m3.
The total evaporation during this time interval is therefore

1,2 . 10° m> + 1,25 . 10° m2, i.e. approximately 2,5 . 10° m>.
Although the increased evaporation caused by the cooling water is
of the same magnitude as the natural evaporation, this change is
not significant. As far as chemical factors are concerned, the
mineral content will theoretically increase to the same extent.

However, this change in mineral content is of minor importance.

NORWEGILAN INSTITUTE FOR WATER RESEARCH

Blindern 1962

Iams Hlhan.
H. Holtan
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