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Summary

Information on available data, measurements and models for climate, meteorology,
hydrology and oceanography for six communities have been analysed and studied.

The six communities are Nykoping, Osthammar, Oskarshamn, Tierp, Hultsfred and
Alvkarleby all of them selected by Svensk Kirnbrinslehantering AB, SKB, for a pre-study
on possibilities for deep disposal of used nuclear fuel. For each of them a thorough and
detailed register of available climatological data together with appropriate statistical
properties are listed.

The purpose is to compare the six communities concerning climatological and oceano-
graphical data available and analyse the extent of new measurements or model applica-
tions needed for all of the selected sites.

Statistical information on precipitation, temperature and runoff has good coverage in all
of the six communities. If new information concerning any of these variables is needed
in sites where no data collection exist today new installation can be made at low cost.
Modelling is also a possibility where SMHI can offer consulting based on long and
successful experience.

Data on precipitation in form of snow and days with snow coverage is also available but
to a lesser extent. This concerns also days with ground frost and average ground frost
level where there is no fully representation of data. If more information is wanted
concerning these variables new measurements or model calculations must be initiated.
Data on freeze and break-up of ice on lakes is also insufficient but this variable can be
calculated with good result by use of one-dimensional models.

Data describing air pressure tendency and wind velocity and direction is available for all
communities and this information should be sufficient for the purpose of SKB. This is
also valid for the variables global radiation and duration of sunshine where no new data

should be needed.

Measured data on evaporation is normally not available in Sweden more than in special
research basins. Actual evaporation is though a variable that easily can be calculated by
use of models. SMHI has long experience in using the rainfall-runoff model HBV where
evaporation can be one of the calculated variables.

There are many lakes in the six communities. Information about all the lakes is stored in
a lake database at SMHI. Also lake maps showing area and bottom topography are
available for many of them. If maps are missing or must be updated for any of the lakes
soundings giving deep profiles is possible. Measurement on water level in the lakes is
insufficient in all of the six communities. If water level registrations is essential from any
lake gauge installations must be performed. Information on bottom sediments is available
only from geological maps.



Data on water exchange, currents, nutrients, oxygen, light condition, temperature and
stratification is normally not available in the lakes. But in coastal regions local measure-
ments and investigations have been made in special projects during different periods of
time, especially in the communities with nuclear power installations. New installations
for data collection is possible and there are seve-ral models with different characteristics
for calculation of variables in both the sea and in lakes. SMHI has a deep experience in
this field and has worked with oceanographical measurements, modelling activities and
model development for many years. Measurements can be done with help of acoustic
dopler technique. Modelling activities in coastal regions often include models based on a
three-dimensional structure.



Sammanfattning av resultaten

Tillgingligheten av observationer, data, mitningar och modellberikningar for klimat,
meteorologi, hydrologi och oceanografi for sex kommuner har analyserats och
sammanstillts. De sex kommunerna 4r Nykoping, Osthammar, Oskarshamn, Tierp,
Hultsfred och Alvkarleby. Samtliga har valts ut av Svensk Kirnbrinslehantering AB, SKB,
for att ingd i forstudien om forutsittningar for djupférvar av utbrint kidrnbrinsle. For
varje kommun listas tillgidngliga observationer tillsammans med eventuell grundliggande
statistisk information.

Syftet med studien ir att jimfora de sex kommunerna vad giller klimatologiska och
oceanografiska data. Vidare gors en analys av forutsittningarna och omfattningarna av
eventuella kompletterande mitningar och modellapplikationer som kan komma att
krivas for de sex utvalda kommunerna.

Det finns god tickning av statistisk information rérande nederbérd, temperatur och
avrinning for samtliga sex kommuner. Om de insamlingsstationer som finns idag ir
otillrickliga kan nyinstallationer goras utan alltfor stora kostnader. Vidare har SMHI lang
erfarenhet av att arbeta med matematiska modeller och statistiska beridkningar inom
klimatologi och hydrologi och dessa typer av berikningar kan komplettera och i en del
fall d4ven ersitta vissa mitprogram.

Snénederbord och antal dagar med snéticke dr dven de tillgingliga om 4n med ett ndgot
ldgre antal mitstationer. Detta giller dven tjile och tjdldjup. Om ytterligare information
onskas angdende dessa variabler krivs antingen att nya mitstationer installeras eller att
modellberikningar initieras. Data rorande isliggning och islossning pa sjoar i de sex
kommunerna ir dven de bristfilliga, men detta ir uppgifter som kan beriknas med hjilp
av en-dimensionella modeller.

Lufttryckstendenser, vindhastighet och vindriktning gir att beskriva med tillricklig
noggrannhet for samtliga kommuner. Detta giller dven globalstralning och solskenstid.
Dirfor torde det inte krivas ytterligare mitningar av dessa variabler.

Observationsserier av avdunstning ir normalt inte tillgingliga i Sverige mer é4n frin
speciella forskningsomraden. Diremot kan aktuell avdunstning litt beriknas med hjilp
av hydrologiska modeller.

Det finns vildigt ménga sjoar inom de sex kommunerna. Information om dessa ér
samlade i en speciell databas under SMHI:s ansvar. I databasen finns det dven
information om vilka sjéar som har karterats och som dé dven har uppgifter om area
och bottentopografi. Om det saknas sjokarta for nigon sjo eller om sjokartan behéver
uppdateras ir det forhillandevis enkelt att ta fram nya djupprofiler genom att loda
antingen frén is eller bat. Vattenstindsmitningar saknas for de flesta sjoar men om
information 6nskas kan en pegel litt installeras for registrering av nivderna och dess
forindringar. For att fi fram information om bottensediment i sjdarna méste befintliga
geologiska kartor studeras.



Uppgifter om strommar, vattenutbyte, niringsimnen, syresittning, temperatur, ljus- och
skiktingsforhédllanden finns normalt inte tillgingliga for insjoarna. I de kustnira omridena
har dock lokala mit- och undersékningsprogram for speciella projekt givit en del data
som finns lagrat i databaser. Befintliga modeller och modeller som ir under utveckling
kan tillsammans med kompletterande mitningar nyttjas for att gora berikningar av
samtliga oceanografiska variabler. Mitningar i kustomriden genomfors ofta med modern
doppler teknik for att f4 med det tredimensionella rorelsemonstret i vattenmassan.
"Tredimensionella modeller anvinds i stor utstrickning i de olika berikningsuppgifterna.
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1 Introduction

Svensk Kirnbrinslehantering AB, SKB, plans to continue the siting program in year
2001 with survey of two potential sites. The two sites will be selected in the sex commu-
nities Nykoping, Osthammar, Oskarshamn, Tierp, Hultsfred and Alvkarleby. The sites
will survey for data relevant to evaluate the construction and function of a planned deep
disposal of used nuclear fuel. If possible the characteristic can point out which sites is
most suitable. Previous work has been to identify areas suitable in various communities
in Sweden based on available data on geology, transport, etc.

For the geological investigations a variable list has been established and an overview
program published. A variable list for the surface ecosystems is under preparation. The
final goal is to establish a list of variables that must be collected during the field-surveys
and a program on how these variables should be measured.

The group of variables concerned in this report describe the climatology, meteorology,
hydrology and oceanography for the selected communities. Specification of variables is
made and a review of available data in the communities is listed. A description on how
data can be collected and model simulations performed is also presented.

The climatological variables in this report include statistical information on precipitation,
temperature and runoff. All stations are listed with name, co-ordinates and year with
data. The locations are plotted on maps. Observation sites in use up today are also
presented and possible complementary measurements and model calculations discussed.

Other variables discussed in the report are snow precipitation, days with snow cover,
ground frost and ground frost level. Possible data on ice freeze-up and melt-up is also
presented. Air pressure, wind speed and direction is together with information on global
radiation, number of days with sunshine and evaporation the last meteorological and
hydrological variables to be discussed.

All lakes in Hultsfred, Tierp and Alvkarleby are listed in tables and plotted on maps.
Previously defined potential areas in the communities of Nykoping, Osthammar and
Oskarshamn made it possible to limit number of lakes to confirm only these potential
areas. Also lakes with available lake maps are listed separately. These maps can be used to
evaluate bottom topography of the lakes while bottom sediment must be analysed from
geological maps.

The methods used in oceanographical measurements and modelling can in most cases
also be valid for investigation in lakes. Variables discussed include water exchange,
currents, nutrients, oxygen, light condition, temperature and stratification. Water level
registrations in sea and lakes are also included among these variables. Three-dimensional
measurements and modelling technique is normally introduced in coastal sea water
investigations.

A final discussion try to give recommendations in future work concerning installation of
data collecting instruments and possible model activities. This will serve as an assistance

to SKB in the process in finding a siting list for the involved six communities, Nykoping,
Osthammar, Oskarshamn, Tierp, Hultsfred and Alvkarleby.
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2 Climate

The Scandinavian peninsula has a very interchanging climate and compared to other
areas on the same latitude the winter climate is remarkably mild. There are two main
reasons for this:

* The position east of an ocean and west of a big continent. During the winter season
the weather over Scandinavia can be influenced either by mild, maritime air masses
from the Atlantic or by cold, dry air masses from the the Sibiria. The temperature
difference between these air masses can be up to 15-20 °C over Sweden. During
summer the conditions are the opposite. The highest temperatures in Sweden appears
when warm air moves in from eastern Europe with easterly or southeasterly winds.

* The overlying wind systems of the atmosphere. Over the north Atlantic and the
northwestern part of Europe there is a prevailing westerly to southwesterly air stream
limitating the cold air over the polar region and the warm air over the central and
southeastern parts of Europe. In the frontal zone between these air masses small
cyclons are generated and moves towards the northwestern Europe and Scandinavia.

In average about 100 cyclons passes over at least some part of Sweden every year. Most
of them are relative weak, especially during summer, and follows only by increasing
cloudiness and light or moderate precipitation and moderate winds. Every passage takes
about 24 hours in average, but there are great variations. Often the cyclones comes in
series, so called cyclon families, where the last in the serie can develope to a more
intense storm.

The southwesterly air stream and the cyclons are more intense during the winter period,
especially during December and January. At a certain location you can expect in average
10-15 storms per winter season. During a single year you can have considerably
deviations from this average.

For analyzing surface meteorological parameters and cloud SMHI has developed a
system called the MESAN system (Higgmark, Ivarsson and Olofsson, 1997), which is in
use since 1998 and the results are saved in a SMHI database. The following parameters
are being analyzed:

* temperature,

* precipitation for different accumulations times,

® SNOW COVer,

* wind speed and direction and gust speed at 10 meter elevation,
o visibility,

* relative humidity,

¢ cloud information.

Hirlam data are normally used as first guess fields. Observations are taken from different
manual observing stations, satellites, radars and automatic stations. Much work has been
done to minimize systematic errors in observations and investigating structure functions

of first guess errors. The analyze method used is optimal interpolation.
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The co-ordinates in this chapter are in RT90-format.

The stations reported under Statistical precipitation (runoff, temperature) are all the
stations in the area of interest that have data during a specific period, but not necessarily
ongoing. Under Actual precipitation (runoff, temperature) there are only stations with
ongoing observations.

2.1 Statistical precipitation

"Total precipitation during a certain period is the sum of all kinds of rain, snow, hail, etc.
Statistical information includes mean and extremes at a given site in a long time period.

2.1.1 Existing data

Precipitation amount is measured in 12 hour or 24 hour intervals. New automatic
observation stations, denoted with an A after the name, monitor data every hour. The
data are stored in a MIMER database at SMHI. In order to ensure comparability
between data collected at stations all over the world as well as to provide a long-term
reference value or ‘normal’ with which shorter-term (e. g. monthly) data can be
compared the members of the World Meteorological Organization (WMO) have agreed
to process data over uniform standard periods. Annual means in the following tables are
therefore calculated for the period 1961-1990.

MESAN is a system for analysing surface meteorological parameters and clouds. This
system has been in use at SMHI for a couple of years now. Field data are saved since
1997. The following precipitation parameters are being analysed:

* Precipitation in mm water for 1, 3, 12 and 24 hours accumulation time, and for new
snow-cover in cm.

Data from the analysing and forecast system called HIRLAM (HIgh Resolution Limited
Area Model) are used as first guess fields. Observations are taken from manual weather
observations, airport observations, climate stations, satellites, radars and automatic
stations. The analysing method used is optimal interpolation. Each one of the existing
weather observing systems has advantages and disadvantages. The mesoscale analysis
integrates observations from different sources in a consistent way after passing a quality
control process. Radar data is an example of remote sensing data, which are dense in
space and time but has less accuracy than observations from e.g. the synoptic network.
The analysis in MESAN refers to mean values for an area of 10 x 10 km?.

Nykoping

Station no Station name Co-ordinates Period Annual mean

8745 Landsort 651522 161941 1880-1995 433 mm

8744 Landsort A 651524 161945 1995—-

8740 Oxelésund 650684 157622 1952—- 489 mm

8648 Nykopings flygplats 651837 156409 1945-1978 544 mm
Nyk&ping 651664 156895 1859-1961 637 mm"
Rosenlund 655732 155486 1926-1944 549 mm?"
Solbacka 655372 156638 1919-1944 526 mm"
Stigtomta fpl 651828 155638 1964-1979 512 mm"
Sulsta 652434 158325 1918-1954 615 mm"

" Annual mean for the period 1951-80

14



Osthammar

Station no Station name Co-ordinates Period Annual mean
10864 Oregrund 669339 164495 1949-1967 587 mm
10832 Qrskér 671476 164097 1881-1995 487 mm
10832 Qrskéir A 671475 164099 1996—
10815 Osthammar 668510 164176 1988— 613 mm
10811 Risinge 667533 163423 1962—- 606 mm
10714 Films kyrkby 668149 161626 1982- 590 mm
10712 Dannemora 667780 161625 1963-1981 604 mm
Hargsbruk 667664 164377 1882-1952 532 mm"
'Annual mean for the period 1951-1980
Oskarshamn
Station no Station name Co-ordinates Period Annual mean
7722 Olands norra udde 636108 157776 1880-1995 431 mm
7721 Olands norra udde A 636089 157763 1996-
7638 Tovehult 639101 154538 1916-1987 561 mm
7628 Krakemala 637184 155073 1990—-
7616 Oskarshamn 634920 153660 1918- 553 mm
Tierp
Station no Station name Co-ordinates Period Annual mean
10737 Ytterboda 672319 158988 1921-1976 600 mm
10733 Fagerviken 671533 160643 1966-1978 569 mm
10727 Untra 670330 158437 1965— 635 mm
10725 Lovsta 670070 161437 1925- 687 mm
10724 Strémsberg 669925 159782 1966-1977 621 mm
10718 Vasby 668790 158983 1900-1974 535 mm
10714 Films kyrkby 668149 161626 1982—- 590 mm
10712 Dannemora 667780 161625 1963-1981 604 mm
10708 Harbo 666944 157945 1975- 587 mm
10701 Vattholma 665815 160680 1905—- 606 mm
9759 Drélinge 665384 159851 1879- 551 mm
Viastana 671951 158997 1899-1954 658 mm"
Bro 670114 159778 1923-1951 526 mm"
YAnnual mean for the period 1951-1980
Hultsfred
Station no Station name Co-ordinates Period Annual mean
7540 Vimmerby 639372 150260 1910—- 535 mm
7538 Hassleby 638938 148592 1902-1987 614 mm
7531 Ungsberg 637609 150664 1911— 528 mm
7529 Paulistrém 637157 148218 1922-1988 586 mm
7524 Malilla 636291 1500833 1947- 570 mm
7516 Ryningsnés 634894 150754 1890-1971 553 mm
7514 Blankastrém 634338 150654 1920-1977 541 mm
Hultsfred 637495 150250 1945-1961 595 mm"

YAnnual mean for the period 1951-1980
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Alvkarleby

Station no Station name Co-ordinates Period Annual mean
10744 Eggegrund 673601 159516 1881-1976, 400 mm
1992-1995

10744 Eggegrund A 673603 159563 1995—-

10737 Ytterboda 672319 158988 1921-1976 600 mm

10727 Untra 670330 158437 1965— 635 mm

10723 Hedesunda 669920 156689 1988—- 504 mm

10708 Harbo 666944 157945 1975—- 587 mm

10617 Gysinge 668546 155960 1910- 570 mm
Vistana 671951 158997 1899-1954 658 mm"
Bro 670114 159778 1923-1951 526 mm"

YAnnual mean for the period 1951-1980

Temporal resolution

Measurements are taken every hour for the stations denoted with A after the name in the
list above. For the remaining stations observations are taken every 12 or 24™ hour.
Time period for the different stations are listed above.

Statistical properties

The observation series can give statistical output as duration curves, extremes and means
on a daily, monthly or yearly basis or other selected periods.

The observations can be used to calculate good statistical data for the different locating
sites. Information for today and in the future can be taken from the MESAN analysis.

Methods/models used for existing data

Registration of precipitation is done by gauge observations. Statistical methods and a
method built on a report regional resolution of precipitation by Bengt Dahlstrom
(Dahlstrom, 1979). The method used for the MESAN analysis is described in a SMHI
report on mesoscale analysis (Higgmark, Ivarsson and Olofsson, 1997).

2.1.2 Conclusions

No new data or observations should be needed for the description of the precipitation
climate in the different locations.

16



2.2 Actual precipitation/year

"Total precipitation during a certain period is the sum of all kinds of rain, snow, hail, etc.
Statistical information includes mean and extremes at a given site in a long time period.

2.2.1 Existing data

For description see first part of 2.1.1.

Nyk6ping

Station no Station name Co-ordinates Period Annual mean

8744 Landsort A 651524 161945 1995-

8740 Oxelésund 650684 157622 1952—- 489 mm

Osthammar

Station no Station name Co-ordinates Period Annual mean

10832 (:)rskér A 671475 164099 1996—

10815 Osthammar 668510 164176 1988— 613 mm

10811 Risinge 667533 163423 1962- 606 mm

10714 Films kyrkby 668149 161626 1982- 590 mm

Oskarshamn

Station no Station name Co-ordinates Period Annual mean

7721 Olands norra udde A 636089 157763 1996—

7628 Krakemala 637184 155073 1990-

7616 Oskarshamn 634920 153660 1918- 553 mm

Tierp

Station no Station name Co-ordinates Period Annual mean

10727 Untra 670330 158437 1965— 635 mm

10725 Lovsta 670070 161437 1925- 687 mm

10714 Films kyrkby 668149 161626 1982—- 590 mm

10708 Harbo 666944 157945 1975—- 587 mm

10701 Vattholma 665815 160680 1905—- 606 mm
9759 Drélinge 665384 159851 1879—- 551 mm

Hultsfred

Station no Station name Co-ordinates Period Annual mean

7540 Vimmerby 639372 150260 1910—- 535 mm

7531 Ungsberg 637609 150664 1911- 528 mm

7524 Malilla 636291 1500833 1947—- 570 mm

Alvkarleby

Station no Station name Co-ordinates Period Annual mean

10744 Eggegrund A 673603 159563 1995-

10727 Untra 670330 158437 1965— 635 mm

10723 Hedesunda 669920 156689 1988- 504 mm

10708 Harbo 666944 157945 1975—- 587 mm

10617 Gysinge 668546 155960 1910- 570 mm

17



Temporal resolution

Measurements are taken every hour for the stations denoted with A after the name in the
list above. For the remaining stations observations are taken every 12 or 24™ hour.
Time period for the different stations are listed above.

Statistical properties

The observation series can give statistical output as means or sums on yearly basis or
other selected periods. Information for today and in the future can also be taken from
the MESAN analysis, se 2.1.1.

The observations give a good representation to the areas of interest, except for
Nykoping, but will not give exact local information. The present observations for
Nykoping represent only the coastal area of Nykoping community.

Methods/models used for existing data

Registration of precipitation is done by gauge observations. The method used for the
MESAN analysis is described in a SMHI report (Higgmark, Ivarsson and Olofsson,
1997).

2.2.2 Methods for data collection

New observation precipitation gauges can be installed if local and detailed information
on precipitation is needed. Data can be collected through a SMHI system and presented
for example on Internet.

Observations can also be done by manual measurements and reported manual to e.g
SMHI for analyses and control.

Observation of other elements can easily be added to the observing station.

Time schedule

Installation is preferably done during summer.

Potential resources

SMHI has long experience from installation of automatic weather measurement
equipment. There are also other technical companies that have enough competence.

Data processing

Data delivered in real-time is preferable, especially for the supervision and control of
data. If you want to collect data through the tele system you must have a stationary
telephone installation.

With the manual alternative reports can be sent in almost real time or according to
individual wishes.

18



Effects on environment

The instrument will occupy an area of a few m’, but demands an open space around the
instrument of at least about 5-10 m.

2.2.3 Costs

Roughly estimation of costs in 1999 prize level:

Automatic station:
Installation, including instruments, logger, collection of data: 80,000-100,000 SEK.

Support and control of data: 25,000-30,000 SEK per year.

Manual station:
Instruments: 2,000 SEK (including temperature: 10,000 SEK).

Support and control of data: 10,000 SEK (including temperature 25,000-30,000 SEK).

2.2.4 Conclusions

If the existing data on precipitation is insufficient installations of new stations can be
made either on a temporary basis for construction purpose or more stationary if a longer
time series is needed.

2.3 Month with max/min of precipitation
See 2.1 and 2.2

2.3.1 Existing data - monthly mean precipitation

Nyk6ping

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

8745 Landsort 35 22 23 28 26 32 41 46 48 42 50 41
8740 Oxel6sund 35 26 27 29 32 42 54 54 53 45 52 41
8648 Nykdpings fpl 41 27 28 33 33 46 65 59 56 50 56 49

Nyképing" 45 36 33 38 41 48 70 78 62 59 68 59
Rosenlund" 40 30 27 32 37 45 66 66 54 51 54 47
Solbacka" 38 28 26 31 35 43 63 64 52 49 52 45
Stigtomta fpl" 36 28 27 30 34 41 58 61 50 48 52 47
Sulsta” 44 33 31 37 39 46 68 75 60 58 66 58

' Monthly mean for the period 1951-1980
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Osthammar

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
10864 Qregrund 44 33 31 35 36 44 69 74 64 52 58 49
10832 Qrskér 34 26 25 29 29 34 50 68 55 45 53 39
10815 Osthammar 44 32 32 36 36 47 74 77 68 57 61 49
10811 Risinge 45 34 30 36 31 43 77 72 65 57 62 53
10714 Films kyrkby 44 30 32 34 35 42 71 75 62 55 60 49
10712 Dannemora 47 37 32 35 35 44 64 79 63 55 64 49
Hargsbruk" 41 30 24 30 33 40 64 64 53 52 54 47
Monthly mean for the period 1951-1980
Oskarshamn

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
7722 Ol n udde 33 23 25 25 32 32 40 45 52 38 47 39
7638 Tovehult 46 35 34 34 40 45 62 52 59 49 53 52
7616 Oskarshamn 47 34 32 38 40 44 65 55 56 45 49 48
Tierp

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
10737 Ytterboda 41 34 34 35 39 42 62 81 70 54 59 50
10733 Fagerviken 41 31 30 34 34 45 65 75 65 50 54 45
10727 Untra 49 38 35 41 39 42 71 79 68 57 63 55
10725 Lovsta 54 31 36 42 36 43 89 95 73 62 72 56
10724 Strémsberg 44 38 34 35 38 46 75 76 66 55 62 52
10718 Vasby 36 28 26 32 34 43 67 71 61 47 52 39
10714 Films kyrkby 44 30 32 34 35 42 71 75 62 55 60 49
10712 Dannemora 47 37 32 35 35 44 64 79 63 55 64 49
10708 Harbo 40 29 32 34 36 47 68 81 63 54 56 46
10701 Vattholma 44 32 31 33 36 46 73 83 64 54 60 51
9759 Drélinge 39 29 28 30 32 42 70 71 60 49 54 45
Vistand" 48 38 33 37 40 46 76 88 65 66 66 55
Bro" 38 31 26 30 32 37 61 69 52 52 53 45
Monthly mean for the period 1951-1980
Hultsfred

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
7540 Vimmerby 38 30 31 36 42 48 66 55 57 44 45 44
7538 Hassleby 45 36 37 39 47 55 69 63 64 54 53 52
7531 Ungsberg 36 27 29 30 42 49 63 59 59 47 44 43
7529 Paulistrom 44 31 34 34 44 52 64 63 66 53 52 48
7524 Malilla 42 32 34 37 45 50 64 61 60 47 49 49
7516 Ryningsnas 43 31 33 34 43 46 63 56 58 48 51 47
7514 Blankastrom 41 30 32 33 44 44 63 59 55 48 49 43
Hultsfred” 45 33 33 39 49 45 68 68 57 55 54 50

" Monthly mean for the period 1951-1980
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Alvkarleby

Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec
10744 Eggegrund 23 19 19 22 29 34 49 56 50 36 37 25
10737 Ytterboda 41 34 34 35 39 42 62 81 70 54 59 50
10727 Untra 49 38 35 41 39 42 71 79 68 57 63 55
10723 Hedesunda 36 25 27 31 32 41 62 64 57 45 47 38
10708 Harbo 40 29 32 34 36 47 68 81 63 54 56 46
10617 Gysinge 40 29 30 35 36 43 66 78 65 53 51 44
Viastana” 48 38 33 37 40 46 76 88 65 66 66 55
Bro" 38 31 26 30 32 37 61 69 52 52 53 45

Monthly mean for the period 1951-1980

2.4 Part of precipitation as snow

The information of different types of precipitation is reported from manual synoptic
stations and from automatic stations with a present weather recorder.

2.4.1 Existing data

Type of precipitation is reported ever hour at stations denoted with A and every 3™ hour
at the other stations. The data are stored in a MIMER database at SMHI. In order to
ensure comparability between data collected at stations all over the world as well as to
provide a long-term reference value or ‘normal’ with which shorter-term (e. g. monthly)
data can be compared the members of the World Meteorological Organization (WMO)
have agreed to process data over uniform standard periods. Annual means in the
following tables are therefore calculated for the period 1961-1990.

Nykoping

Station no Station name Co-ordinates Period Annual mean
8745 Landsort 651522 161941 1880—-1995 21%, 89 mm
8744 Landsort A 651524 161945 1995—-

8648 Nyk&pings flygplats 651837 156409 1945-1978

Osthammar

Station no Station name Co-ordinates Period Annual mean
10864 (")regrund 669339 164495 1949-1967

10832 Orskar 671476 164097 1881-1995 25%, 123 mm
10832 Orskar A 671475 164099 1996—

10714 Films kyrkby 668149 161626 1982—-

10712 Dannemora 667780 161625 1963-1981

Oskarshamn

Station no Station name Co-ordinates Period Annual mean
7722 Olands norra udde 636108 157776 1880-1995 18,1%, 78 mm
7721 Olands norra udde A 636089 157763 1996—
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Tierp

Station no Station name Co-ordinates Period Annual mean
10714 Films kyrkby 668149 161626 1982-
10712 Dannemora 667780 161625 1963-1981
Hultsfred
Station no Station name Co-ordinates Period Annual mean
7524 Malilla 636291 150033 1947—- 28,0%, 160 mm
Alvkarleby
Station no Station name Co-ordinates Period Annual mean
10744 Eggegrund 673601 159516 1881-1976,

1992-1995
10744 Eggegrund A 673603 159563 1995—
10740 Gavle 672698 157443 1885-1995 30,7%, 189 mm
Temporal resolution

Measurements are taken every hour for the stations denoted with A in the list above. For
the remaining stations observations are taken every 3. Time period for the different
stations are listed above.

Statistical properties

The observation series can give statistical output as duration curves, extremes and means
on a daily, monthly or yearly basis or other selected periods. The observations can be
used to calculate good statistical data for the different locations.

The observations for today and in the future represent to a certain extent, but not fully,
the areas of interest for Tierp and Hultsfred.

Methods/models used for existing data

The information of different types of precipitation is reported from manual synoptic
stations and from automatic stations with a present weather recorder.

2.4.2 Conclusions

No new data or observations should be needed for the description of the snow climate
in the different locations, but there will not be enough observations to give exact local
information in the future.
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2.5 Number of day with snow coverage

The information of snow cover is taken from daily manual reports of snow depth and

SNOW COVeEr.

2.5.1 Existing data

Snow depth is reported in 24-hour intervals provided you have a snow cover. The data
are stored in a MIMER database at SMHI.

The following snow parameter is analysed in the MESAN (see: 2.1.1):

® pew Snow cover in cm

Nykoping

Station no Station name Co-ordinates Period Annual mean

8648 Nyk&pings flygplats 651837 156409 1945-1978 103 days”
Nyk&ping 651664 156895 1859-1961 92 days?
Rosenlund 655732 155486 1926-1944 104 days?
Stigtomta fpl 651828 155638 1964-1979 87 days?

YAnnual mean for the period 1950-1980

?Annual mean for the period 1931-1960

Osthammar

Station no Station name Co-ordinates Period Annual mean

10864 (::)regrund 669339 164495 1949-1967 127 days”

10832 Orskar 671476 164097 1881-1995 107 days”

10815 Osthammar 668510 164176 1988-

10714 Films kyrkby 668149 161626 1982-

10712 Dannemora 667780 161625 1963-1981 110 days”

YAnnual mean for the period 1950-1980

Oskarshamn

Station no Station name Co-ordinates Period Annual mean

7638 Tovehult 639101 154538 1916-1987 108 days”

7628 Krakemala 637184 155073 1990-

7616 Oskarshamn 634920 153660 1918-

YAnnual mean for the period 1950-1980

Tierp

Station no Station name Co-ordinates Period Annual mean

10737 Ytterboda 672319 158988 1921-1976 127 days”

10727 Untra 670330 158437 1965— 141 days”

10714 Films kyrkby 668149 161626 1982—-

10712 Dannemora 667780 161625 1963-1981 110 days”

9759 Drélinge 665384 159851 1879- 92 days”

YAnnual mean for the period 1950-1980
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Hultsfred

Station no Station name Co-ordinates Period Annual mean
7540 Vimmerby 639372 150260 1910-

7538 Hassleby 638938 148592 1902-1987 59 days "
7529 Paulistrom 637157 148218 1922-1988

7524 Malilla 636291 150033 1947—- 93 days "

" Annual mean for the period 1950-1980

Alvkarleby

Station no Station name Co-ordinates Period Annual mean
10737 Ytterboda 672319 158988 1921-1976 127 days "
10727 Untra 670330 158437 1965— 141 days”

" Annual mean for the period 1950-1980

Temporal resolution

Measurements are taken once a day. Time period for the different stations are listed
above.

Statistical properties

The observation series can give statistical output as duration curve, extremes and means
on a daily, monthly or yearly basis or other selected periods. The observations can be
used to calculate good statistical data for the different locations.

The observations for today and the future represent to a certain extent, but not fully, the
areas of interest, except for Nykoping, where there are no observations available.

Methods/models used for existing data

Registration of snow cover is done daily by manual measurement.

2.5.2 Conclusions

No new data or observations should be needed for the description of the snow cover
climate in the different locations, but there will not be enough observations to give exact
local information in the future.

2.6 Statistical runoff

Runoff is the part of precipitation that flows towards a stream on the ground surface or
within the soil and rock. Statistic information on runoff includes mean and extremes at
a given site in a long time period. Data can be available either from observations of dis-
charge in a river or minor water courses or calculated by using information from other
stations applied to the area of interest.
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2.6.1 Existing data

Nykoping

Station no Station name River Co-ordinates Period Annual mean
65-50083 Langhalsen unreg. Nykopingséan 652178 156543 1909-39 6.8 I/s*km?
65-50083 Langhalsen reg. Nyk&pingsan 652178 156543 1940-> 5.7 I/s*km?
66-2254 Kila Kiladn 651377 154307 1980-> 7.1 I/s*km?

Station Langhalsen give information on runoff in 99% of Nykopingsan total runoff area.
From 1940 and onwards the data from Linghalsen is collected from a hydropower
production site and influenced by regulation.

Station Kila is situated upstream Kiladn in the western part of Nykoping community well
outside the areas of interest.

Osthammar

Station no Station name River Co-ordinates Period Annual mean
56-573 Gimo Olandsén 667489 163287 1922-32 7.7 l/s*km?
56-1256 Fors Olandsén 667170 163344 1931-59 7.4 1/s*km?

The two observation series are located in Olandsin close to Gimo in the southernmost
part of Osthammar community. They give information from the runoff area of Olandsin
down to Gimo municipality.

Oskarshamn
Station no Station name River Co-ordinates Period Annual mean
74-1619 Forshultesjon Lillan 634734 153084 1955-> 5.7 I/s*km?

Forshultesjon is located in Lillain 5 km West Oskarshamn. Lilldn is a tributary to Eman.

Tierp

Station no Station name River Co-ordinates Period Annual mean
54-1260 Odensfors Tamnaran 668382 158822 1930-50 6.6 I/s*km?
54-1053 Nas Tamnaran 670862 159995 1925-71 7.6 |/s*km?
61-910 Uvlunge Vendelan 666663 160043 1917-42 7.1 I/s*km?

Odensfors and Nis were both located in river Tdmnarin downstream the lake
Tidmnaren.

Uvlunge was located in river Vendelan about 6 kilometres downstream the lake
Vendelsjon.

Hultsfred

Station no Station name River Co-ordinates Period Annual mean
73-2291 Solnen Viran 638341 150697 1980-> 4.2

74-1806 Blankastrém Emaéan 634390 150665 1928-> 6.2
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Solnen is located in Virdn and give information on runoff from the lake Solnen about 10
kilometres North of Hultsfred.

Blankastrom is located in main Ema river just South of the border of Hultsfred
community.

Alvkarleby

Station no Station name River Co-ordinates Period Annual mean
53-2423 Alvkarleby krv Dalalven 671735 158977 1976-> 11.9 I/s*km?
53-320 Klingfors Dalalven 1910-28 12.7 1/s*km?
53-333 Ovre Alvkarle6 Dalzlven 1903-14 11.9 I/s*km?

All stations in Alvkarleby community are located in Dalilven main stream. They
represent data from total Dalilven discharge and are not representative for the local
hydrological runoff situation in Alvkarleby.

Temporal resolution

All measurements done give daily mean runoff data.

Statistical properties

The observation series can give statistical output as duration curve, all kind of extremes
and means on a monthly or yearly basis or other selected periods.

Methods/models used for existing data

For most of the station registration of water level by daily gauge observations is the data
collecting method. Rating curves are used for calculation of discharge and runoff. Data
from hydropower stations is obtained through combinations of release from hydropower
production at the station or regulated dams.

2.6.2 Conclusions

The statistical runoff information in SMHI database is not always from the locations
where actual data is needed. But they are a good base and can be used to calculate runoff
from any discharge area in the communities.

2.6.3 Methods for data collection

Statistical runoff information can be calculated from any area in the communities. The
hydrological network with observations on discharge is the basic resource when calculat-
ing runoff from any area in Sweden. The method is based on information from all the
station in SMHI hydrological database together with the area runoff map for the
statistical period 1961-90. The basic output statistical information is maximum runoff
with a return period of 100 and 50 years, yearly normal maximum runoff, normal value,
yearly normal minimum value and minimum runoff with a return period of 50 years. As
supplement it is also possible to calculate duration curves and monthly max, min and
mean values.
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Background data needs

Digitised map information with total discharge area and all the lakes within the runoft
area. Time series, with if possible up to 30 years of data, from representative stations in
the hydrological network. Information from older estimations in the region and the
runoff generation map for period 1961-1990.

Time schedule

One calculation with the basic statistical information takes up to one day to perform. No
monthly values and no duration curve included. If more than one calculation is wanted
and the points of interest are close located the process can speed up and the total price
will discount.

Potential resources

SMHI has long experience from calculations of statistical runoff. Main applications are
constructions of road bridges and water tunnels under roads and railways.

Cost

For one calculation the normal price is 6,000-7,000 SEK. If several calculations in the
region are ordered simultaneously the price will be discounted.

2.7 Actual runoff

Actual runoft is the part of precipitation that flows towards a stream on the ground
surface or within the soil and rock. Real-time measurements.

2.7.1 Existing data

Nykoping

Station no Station name River Co-ordinates Area
65-50083 Langhalsen Nykopingséan 652178 156543 3592 km?
66-2254 Kila Kilaan 651377 154307 140 km?

Station Langhalsen give information on runoff in 99% of Nykopingsan total runoff area.
Data from station Langhalsen is collected from a hydropower production site and
influenced by regulation.

Station Kila is situated upstream Kiladn in the Western part of Nykoping community
well outside the areas of interest.

Osthammar

No measurements of actual runoff exist today in the community of Osthammar.
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Oskarshamn

Station no Station name River Co-ordinates Area

74-1619 Forshultesjon Lillan 634734 153084 103 km?

Forshultesjon is located in Lillin 5 km West Oskarshamn. Lilldn is a tributary to Emén.

Tierp

No measurements of actual runoff performed by SMHI exist today in the community of
Tierp. Uppsala community use water from lake Tdmnaren during dry summers and they
do measurement on the outflow from the lake. The data is stored at the technical office
in Uppsala.

Hultsfred

Station no Station name River Co-ordinates Area
73-2291 Solnen Viran 638341 150697 9 km?
74-1806 Blankastrém Emaén 634390 150665 3705 km?

Solnen is located in Virdn and give information on runoff from the lake Solnen about
10 kilometres North of Hultsfred.

Blankastrém is located in main Ema3 river just South off the border of Hultsfred
community.

Alvarleby
Station no Station name River Co-ordinates Area
53-2423 Alvkarleby krv Dalilven 671735 158977 28921 km?

The station Alvkarleby krv is located in Dalilven main stream. The data represent
information from total Dalilven discharge and are not representative for the local
hydrological runoff situation in Alvkarleby.

2.7.2 WMethods for data collection

New observation gauges can be installed in minor streams if local and detailed
information on water level, discharge and runoff is needed. Data can be collected by use
of different kind of water level loggers with automatic or local collection system. They
can be installed either in the stream where there exist a unique discharge-water stage
relationship or at a constructed measuring weir. Discharge and runoff will be calculated
by use of rating curves.

Time schedule

Installation is preferably done during the summer period with low flows in the river.
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Potential resources

SMHI has long experience from installation of water level measurement equipment and
discharge measurements. Also other technical companies have enough competence to do
the installations but only few other companies can plot rating curve with acceptable
accuracy.

Data processing

Data stored in loggers is normally emptied according to outlined program and stored in
databases. Also automatic deliverance in real-time can be arranged, but then a telemetric
system must be used with a mobile or stationary telephone installation.

Effects on environment

As a logger can be installed under the ground level it has only minor effect on the
environment.

2.7.3 Costs

Roughly estimation of costs in 1999 prize level:

Installation 25,000 SEK
Logger 30,000-40,000 SEK
Rating curve 30,000 SEK
Yearly maintenance 20,000 SEK

If a telemetric system is installed costs will increase depending on type of system.

2.74 Conclusions

If the existing data on actual runoff is insufficient installations of new gauging stations
can be made either on a temporary basis for construction purposes or more stationary if
a longer time-series is wanted. The decision on where to install the stations must be
based on detailed field studies to find out appropriate locations either with a well-defined
relationship water level/discharge or possibilities to install a measuring weir in the water
course.

2.8 Monthly runoff

Runoft is the part of precipitation that flows towards a stream on the ground surface
or within the soil and rock. Monthly runoff data is monthly mean, maximum and
minimum values. Statistical basic information is available either from measurements at
the hydrological discharge stations or based on statistical analysis as described in
chapter 2.6 Statistical runoff.
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2.8.1 Existing data

Nyko6ping

65-50083 Langhalsen unreg. Nykopingsan 1909-39 Monthly mean values (I/s*km?)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

7.7 7.6 7.6 9.3 11.1 8.7 5.7 4.2 3.8 3.9 5.4 7.1
65-50083 Langhalsen reg. Nykopingsan 1940-98 Monthly mean values (I/s*km?)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

6.7 7.0 7.7 9.5 9.9 6.3 3.5 2.9 3.1 3.0 3.8 5.6
66-2254 Kila Kilaan 1980-98 Monthly mean values (I/s*km?)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

12.2 12.5 11.5 10.8 7.0 3.4 2.0 1.9 2.3 2.7 7.5 10.6
Osthammar

56-573 Gimo Olandsan 1922-32 Monthly mean values (I/s*km?)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

6.0 4.3 5.2 15.7 14.6 4.5 3.3 5.0 7.4 8.3 10.2 7.8
56-1256 Fors Olandsan 1931-59 Monthly mean values (I/s*km?)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

9.3 8.1 7.2 17.5 12.2 2.8 1.5 1.8 3.3 5.1 9.5 11.2
Oskarshamn

74-1619 Forshultesjon Lillan 1955-98 Monthly mean values (I/s*km?)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

6.7 6.9 8.5 13.9 10.2 3.4 1.6 2.0 1.9 2.5 4.7 6.4

Tierp

54-1260 Odensfors Tamnaran 1930-50 Monthly mean values (I/s*km?)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

8.3 6.8 6.8 10.2 10.6 7.0 4.5 3.4 3.5 4.0 6.3 8.4
54-1053 Néas Tamnaran 1925-71 Monthly mean values (I/s*km?)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

7.7 7.2 8.5 16.3 13.5 5.7 3.4 3.7 4.1 4.8 7.7 8.9

61-910 Uvlunge Fyrisan 1917-42 Monthly mean values (I/s*km?)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

6.9 4.9 5.1 16.6 13.4 3.3 1.7 2.8 6.2 7.3 9.6 7.4
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Hultsfred

73-2291 Solnen Viran 1980-98 Monthly mean values (I/s*km?)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
6.3 6.3 7.3 102 6.3 2.3 1.5 1.3 1.1 1.3 2.1 4.7

74-1806 Blankastrom Eman 1928-98 Monthly mean values (I/s*km?)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
7.5 7.9 8.2 11.2 8.9 4.3 2.8 2.9 3.4 3.9 5.9 7.1

Alvkarleby

53-2423 Alvkarleby krv Dalédlven 1976-98 Monthly mean values (I/s*km?)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
10.4 11.0 11.3 13.1 19.2 12.8 9.3 9.2 11.4 12.0 12.2 11.1

53-320 Klingfors Dalédlven 1910-28 Monthly mean values (I/s*km?)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
6.5 5.5 5.7 9.5 26.4 25.2 14.7 12.8 13.8 12.3 11.4 8.8

53-333 Ovre Alvkarled Dalilven 1903-14 Monthly mean values (I/s*km?)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
71 5.3 5.3 9.0 26.0 25.0 13.6 10.4 11.8 9.4 11.0 9.0

2.8.2 Costs

Extra costs for statistical analysis of monthly values where no measurements exist is,
above standard prize 6,000-7,000 SEK, 3,000 SEK for monthly mean and extremes.

2.9 Evapotranspiration

The amount of water transferred from soil and plants to the atmosphere by evaporation
and transpiration.

2.9.1 Existing data

No registration of evapotranspiration data exists under SMHI responsibility. But
calculation of potential evapotranspiration is publicised by SMHI in an RMK-report
(Eriksson, 1981). The report give information on daily values of potential evapo-
transpiration calculated for a number of Swedish weather stations. The results presented
in tables are monthly and annual means for the period 1961-1978.

Nyk6ping
Station no Station name Co-ordinates Period Annual mean
8648 Nyképing flp 651837 156409 1961-1978 563 mm
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Osthammar

Station no Station name Co-ordinates Period Annual mean
9846 Norrtalje 662916 166303 1961-78 511 mm
9753 Uppsala flp 664306 159991 1961-78 545 mm
9752 Uppsala 663902 160180 1961-78 537 mm
Oskarshamn

Station no Station name Co-ordinates Period Annual mean
7647 Vastervik 640721 154670 1961-78 578 mm
Tierp

Station no Station name Co-ordinates Period Annual mean
10740 Gavle 672698 157443 1961-78 535 mm
9753 Uppsala flp 664306 159991 1961-78 545 mm
9752 Uppsala 663902 160180 1961-78 537 mm
Hultsfred

Station no Station name Co-ordinates Period Annual mean
7524 Malilla 636291 150033 1961-78 551 mm
Alvkarleby

Station no Station name Co-ordinates Period Annual mean
10740 Gavle 672698 157443 1961-78 535 mm

2.9.2 Methods for data collection

Observation on actual evaporation is done only in special research basins either by SMHI
or by universities working in the field of hydrology. But a well-used method to calculate
actual evapotranspiration is hydrological modelling by use of any rainfall-runoff model.
One of them is the HBV model in use at SMHI since late 1970-ies. It uses temperature,
precipitation and discharge data to calibrate a number of free parameters. To fit the
model normally 10-20 years of data is enough for the calibration process. The model can
after calibration be used to estimate evaporation, soil moisture content, runoff, water
level, etc. The HBV model is described in several documents and reports (Bergstrom,
1976), (Bergstrém, 1992).

Background data needs

Measurements of temperature, precipitation and discharge covering a period of at least
10-20 years to be used in the calibration process. The statistical data described in
chapters 2.1, 2.6 and 2.11 all give enough information to perform modelling with the

HBYV rainfall-runoff model in any runoff basin in the 6 communities.
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Time schedule

A model set-up and calibration is a process of up to two weeks for each calibrated basin.
The time schedule is depending on how detailed the each subbasin is divided.

Potential resources

Organisations with experience from hydrological modelling with the HBV-model.

Data processing

Collection of hydrometeorological data, including precipitation, temperature, discharges
and water levels, for a period of at least 10-20 years. Information on potential
evapotranspiration can also be of use but only on a monthly statistical basis.

2.9.3 Conclusion

As data is missing and new installation and collection of new data is costly the most cost-
efficient way to find out information on actual evaporation is to use a hydrological
model. A set-up of the HBV-model in areas of interest can also be used to find out
information on other parts of the hydrological cycle as soil moisture content, runoff from
basins, water level in lakes, etc.

2.10 In- and outflow areas

Areas where water flows in to or out from groundwater storage.

2.10.1 Existing data
No data exists in SMHI databases.

2.10.2 Conclusions

SMHI has no experience from measurements on inflow and outflow areas. Swedish
Geological Survey, SGU, is responsible for the Swedish ground water database.

2.11 Statistical temperature

Temperature measured at certain times during the day is used for calculation of daily
mean temperatures. Statistical information includes mean and extremes at a given site for
day, month, year or other period.
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2.11.1 Existing data

Temperature is recorded at least twice a day, morning and evening, as well as the
maximum and minimum temperature for every day and night at the observing stations.
These are the minimum numbers of observations you need to have to be able to calculate
the daily mean temperature. Some stations have more frequent observing hours, up till
every hour. In order to ensure comparability between data collected at stations all over
the world as well as to provide a long-term reference value or ‘normal’ with which
shorter-term (e. g. monthly) data can be compared the members of the World Meteo-
rological Organization (WMO) have agreed to process data over uniform standard

periods. Annual mean in the following tables are therefore calculated for the period
1961-90.

The following temperature parameter is analysed in the MESAN (see: 2.1.1):

* ‘Temperature 2 meter above ground level

Nykoping

Station no Station name Co-ordinates Period Annual mean

8745 Landsort 651522 161941 1880-1995 6,2 °C

8744 Landsort A 651524 161945 1995—-

8740 Oxelésund 650684 157622 1952—- 6,4 °C

8648 Nyképings flygplats 651837 156409 1945-1978 5,6 °C
Stigtomta fpl 651828 155638 1964-1979

Osthammar

Station no Station name Co-ordinates Period Annual mean

10864 Oregrund 669339 164495 1949-1967 5,3 °C

10832 Orskar 671476 164097 1881-1995 5,5 °C

10832 Orskar A 671475 164099 1996—

10811 Risinge 667533 163423 1962—- 5,0 °C

10714 Films kyrkby 668149 161626 1982—- 5,0 °C

10712 Dannemora 667780 161625 1963-1981

Oskarshamn

Station no Station name Co-ordinates Period Annual mean

7722 @Iands norra udde 636108 157776 1880-1995 7,3 °C

7721 Olands norra udde A 636089 157763 1996—

7638 Tovehult 639101 154538 1916-1987 6,5 °C

7616 Oskarshamn 634920 153660 1918- 6,5 °C

Tierp

Station no Station name Co-ordinates Period Annual mean

10733 Fagerviken 671533 160643 1966—-1978 5,1°C

10727 Untra 670330 158437 1965-1987 5,0 °C

10718 Vasby 668790 158983 1962-1975 4,7 °C

10714 Films kyrkby 668149 161626 1982—- 5,0 °C

10712 Dannemora 667780 161625 1963-1981
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Hultsfred

Station no Station name Co-ordinates Period Annual mean

7540 Vimmerby 639372 150260 1910-1989 6,0 °C

7538 Hassleby 638938 148592 1902-1987 5,6 °C

7524 Malilla 636291 150033 1947—- 6,0 °C

7514 Blankastrém 634338 150654 1920-1977 6,1 °C

Alvkarleby

Station no Station name Co-ordinates Period Annual mean

10744 Eggegrund 673601 159516 1881-1976, 52 °C
1992-1995

10744 Eggegrund A 673603 159563 1995-

10727 Untra 670330 158437 1965—- 5,0 °C

Temporal resolution

Measurements are recorded every hour for the stations denoted with A. For the
remaining stations observations are taken every 3 hour or two-three times a day,
including maximum and minimum temperatures. Time period for the different stations
are listed above.

Statistical properties

The observation series can give statistical output as duration curves, extremes and means
on a daily, monthly or yearly basis or other selected periods.

The observations can be used to calculate good statistical data for the different locations.
Information for today and in the future can also be taken from the MESAN analysis for
all the communities.

Methods/models used for existing data

"Temperature is measured with different types of recorders with the same accuracy. The
instrumentation is briefly described in a SMHI PM by Ture Hovberg (Hovberg, 1997).
The method used for the MESAN analysis is described in a SMHI report (Higgmark,
Ivarsson and Olofsson, 1997).

2.11.2 Conclusions

No new data or observations should be needed for the description of the temperature
climate in the different locations.
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2.12 Actual temperature

Se 2.11

2.12.1 Existing data

Se 2.11.1

Nykoping

Station no Station name Co-ordinates Period Annual mean
8744 Landsort A 651524 161945 1995—-

8740 Oxelésund 650684 157622 1952—- 6,4 °C
Osthammar

Station no Station name Co-ordinates Period Annual mean
10832 Orskar A 671475 164099 1996—

10811 Risinge 667533 163423 1962—- 5,0 °C
10714 Films kyrkby 668149 161626 1982—- 5,0 °C
Oskarshamn

Station no Station name Co-ordinates Period Annual mean
7721 Olands norra udde A 636089 157763 1996—

7616 Oskarshamn 634920 153660 1918- 6,5 °C
Tierp

Station no Station name Co-ordinates Period Annual mean
10714 Films kyrkby 668149 161626 1982— 5,0 °C
Hultsfred

Station no Station name Co-ordinates Period Annual mean
7524 Malilla 636291 150033 1947—- 6,0 °C
Alvkarleby

Station no Station name Co-ordinates Period Annual mean
10744 Eggegrund A 673603 159563 1995-

10727 Untra 670330 158437 1965—- 5,0 °C
Temporal resolution

Measurements are recorded every hour for the stations denoted with A. For the
remaining stations observations are taken every 3™ hour or two-three times a day,

including maximum and minimum temperatures. Time period for the different stations
are listed above.
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Statistical properties

The observation series can give statistical output as duration curves, extremes and means
on a daily, monthly or yearly basis or other selected periods.

The observations represent to a certain extent, but not fully, the areas of interest, except
for Nykoping. Information for today and in the future can also be taken from the
MESAN analysis.

Methods/models used for existing data

Temperature is measured with different types of recorders with comparable accuracy.
The instrumentation is briefly described in a SMHI PM by Ture Hovberg (Hovberg,
1997). The method used for the MESAN analysis is described in a SMHI report
(Hiaggmark, Ivarsson and Olofsson, 1997).

2.12.2 Methods for data collection
See 2.2.2

2.12.3 Costs
See 2.2.3

2.12.4 Conclusions

If the existing data on temperature data is insufficient installations of new stations can be
made either on a temporary basis for construction purpose or more stationary if a longer
time series is needed.

2.13 Month with highest/lowest temperature
See 2.11 and 2.12

2.14 Number of days with ground frost

Ground frost has been measured at about 20 stations in Sweden. The measurements have
been done at synoptic observing stations run by the Swedish Air Force.

2.14.1 Existing data

Ground frost has been reported once a week from two different places close to each
other at every observing site. One of those has been held free from snow and at the
other place the snow has been kept uncleared. The type of soil has been determined for
every location.
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Nykoping

Station no Station name Co-ordinates Period
8637 Norrképing 649839 151819 1966—-1980
Osthammar

Station no Station name Co-ordinates Period
9753 Uppsala fpl 664306 159991 1966-1980
Oskarshamn

Station no Station name Co-ordinates Period
6641 Kalmar fpl 628355 152965 1966—-1980
Tierp

Station no Station name Co-ordinates Period
9753 Uppsala fpl 664306 159991 1966—-1980
Hultsfred

Station no Station name Co-ordinates Period
6641 Kalmar fpl 628355 152965 1966—-1980
Alvkarleby

Station no Station name Co-ordinates Period
9753 Uppsala fpl 664306 159991 1966-1980
Temporal resolution

Measurements have been recorded once a week. Time period for the station is listed

above.

Statistical properties

The observation series can give statistical output as duration curves, extremes and means
on a monthly or yearly basis.

The observations do not fully represent the areas of interest.

Methods/models used for existing data

The ground frost has been measured with an instrument constructed at Swedish
University of Agricultural Sciences, SLU, in Uppsala and is described in a report from
Flygstaben (Furugird, 1983).
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2.15 Average ground frost level
See. 2.14

2.16 Ice freeze-up/break-up

Information on dates for ice freeze-up or ice break-up on lakes and total number of days
with ice cover. The data is collected by meteorological observers and distributed to
SMHI. Some years in the information series can be missing.

2.16.1 Existing data

Nykoping
Lake Co-ordinates Period
Baven 653707 156202 1920->

Lake Béven is a rather big lake located in the northern part of Nykoping community,
some 25 kilometres North of Nykoping.

Osthammar
Lake Co-ordinates Period
Norrsjon 665138 164175 1981->

There is no ice data from lakes in Osthammar community. Lake Norrsjén is the most
nearby series located in Skebodn close to Knutby.

Oskarshamn

There is no ice data from lakes in Oskarshamn community.

Tierp

There is no ice data from lakes in Tierp community.

Hultsfred
Lake Co-ordinates Period
Gnotteln 637521 150480 1957->

Lake Gnétteln is located just 4 kilometres Northeast from Hultsfred.

Alvkarleby

There is no ice data from lakes in Alvkarleby community.
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2.16.2 Methods for data collection

Detailed information on ice freeze-up/break-up is insufficient. A report describing
statistics on ice freeze-up/break-up in Sweden is recently published, (Eklund, 1999).
SMHI is also in the process of build-up modelling of temperature in lakes and ice
coverage on lakes. A one-dimensional boundary layer model, PROBE, calculates
temperature, ice formation, ice growth and ice decay for lakes or sea.

Background data needs

Input to the PROBE model is standard meteorological data available in SMHI databases.
The lake is described with use of maps from sounding. These maps give information on
lake area and depth topography.

2.16.3 Conclusions

Detailed information on ice freeze-up/melt-up is insufficient. Modelling of these
properties can be made by use of one-dimensional boundary layer modelling.

2.17 Air pressure - tendency

Air pressure at certain times during the day are used for calculating air pressure tendency
for different periods. Statistical information includes means and extremes at a given site
for selected periods.

2.17.1 Existing data

Air pressure is normally recorded at least every third hour at the observing stations. The
air pressure climate is similar in the whole of south of Sweden.

The following air pressure parameter is analysed in the MESAN (see : 2.1.1):

* Air pressure at sea level

Nykoping
Station no Station name Co-ordinates Period
8745 Landsort 651522 161941 1880-1995
8744 Landsort A 651524 161945 1995—
8648 Nyképings flygplats 651837 156409 1945-1978
Stigtomta fpl 651828 155638 1964-1979
Osthammar
Station no Station name Co-ordinates Period
10864 Qregrund 669339 164495 1949-1967
10832 Orskar A 671475 164099 1996—
10714 Films kyrkby 668149 161626 1982—
10712 Dannemora 667780 161625 1963-1981
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Oskarshamn

Station no Station name Co-ordinates Period
7722 Qlands norra udde 636108 157776 1880-1995
7721 Olands norra udde A 636089 157763 1996—
Tierp

Station no Station name Co-ordinates Period
10714 Films kyrkby 668149 161626 1982-
10712 Dannemora 667780 161625 1963-1981
Hultsfred

Station no Station name Co-ordinates Period
7524 Malilla 636291 150033 1947-
Alvkarleby

Station no Station name Co-ordinates Period
10744 Eggegrund 673601 159516 1881-1976
10740 Gavle 672698 157443 1885-1995
10742 Gavle A 673398 157400 1996—
Temporal resolution

Measurements are taken every hour for the stations denoted with A after the name in the
list above. For the remaining stations observations are taken every 3rd hour. Time period
for the different stations are listed above.

Statistical properties

The observation series can give statistical output as duration curves, extremes and means
on a daily, monthly or yearly basis or other selected periods. The observations can be
used to calculate good statistical data for the different locating sites. Information for
today and in the future can be taken from the MESAN analysis.

Methods/models used for existing data

Air pressure tendency is recorded from air pressure measurements. The instrumentation
is briefly described in a SMHI PM by Ture Hovberg (Hovberg, 1997). The method used
for the MESAN analysis is described in a SMHI report (Higgmark, Ivarsson and
Olofsson, 1997).

2.17.2 Conclusions

No new data or observations should be needed for the description of the air pressure
tendency climate in the different locations.
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2.18 Wind velocity

Wind velocity is measured at certain times during the day. Statistical information
including means and extremes at a given site can be derived from the measurements.

2.18.1 Existing data

Wind velocity is normally recorded at least every third hour at the observing stations.

The following wind velocity parameters are analysed in the MESAN (see : 2.1.1):
* Wind velocity

Gust wind
* U-component of wind

* V-component of wind

Nykoping
Station no Station name Co-ordinates Period
8745 Landsort 651522 161941 1880-1995
8744 Landsort A 651524 161945 1995—
8648 Nykopings flygplats 651837 156409 1945-1978
Stigtomta fpl 651828 155638 1964-1979
Osthammar
Station no Station name Co-ordinates Period
10864 (:)regrund 669339 164495 1949-1967
10832 Orskar 671476 164097 1881-1995
10832 Orskar A 671475 164099 1996—
10714 Films kyrkby 668149 161626 1982-
10712 Dannemora 667780 161625 1963-1981
Oskarshamn
Station no Station name Co-ordinates Period
7722 Olands norra udde 636108 157776 1880-1995
7721 Olands norra udde A 636089 157763 1996—
Tierp
Station no Station name Co-ordinates Period
10714 Films kyrkby 668149 161626 1982-
10712 Dannemora 667780 161625 1963-1981
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Hultsfred

Station no Station name Co-ordinates Period

7524 Malilla 636291 150033 1947—-

Alvkarleby

Station no Station name Co-ordinates Period

10744 Eggegrund 673601 159516 1881-1976, 1992-1995
10744 Eggegrund A 673603 159563 1995-

10742 Gavle A 673398 157400 1996—

10740 Gavle 672698 157443 1885-1995
Temporal resolution

Measurements are taken every hour at the stations denoted with A and normally every
3rd hour at the remaining stations. Time period for the different stations are listed
above.

Statistical properties

The observation series can give statistical output as duration curves, extremes and means
on a daily, monthly or yearly basis or other selected periods. The observations can be
used to calculate good statistical data for the different locating sites. Information for
today and in the future can be taken from the MESAN analysis.

Methods/models used for existing data

The instrumentation for measuring wind velocity is briefly described in a SMHI PM by
Ture Hovberg (Hovberg, 1997). Statistical information can also be computed for the
exact locations. The method used for the MESAN analysis is described in a SMHI report
(Haggmark, Ivarsson and Olofsson,1997).

2.18.2 Conclusions

No new data or observations should be needed for the description of the wind velocity
climate in the different locations.

2.19 Wind direction

Wind direction is recorded at least every 3™ hour at the observing stations. Statistical
information including wind roses at a given site can be derived from the measurements.
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2.19.1 Existing data

Wind direction is normally recorded at least every third hour at the observing stations.

The following wind direction parameter is analysed in the MESAN (see : 2.1.1):

* U-component of wind

* V-component of wind

Nykoping
Station no Station name Co-ordinates Period
8745 Landsort 651522 161941 1880-1995
8744 Landsort A 651524 161945 1995—
8648 Nykopings flygplats 651837 156409 1945-1978
Stigtomta fpl 651828 155638 1964-1979
Osthammar
Station no Station name Co-ordinates Period
10864 (:)regrund 669339 164495 1949-1967
10832 (_?rskéir 671476 164097 1881-1995
10832 Orskar A 671475 164099 1996—
10714 Films kyrkby 668149 161626 1982-
10712 Dannemora 667780 161625 1963-1981
Oskarshamn
Station no Station name Co-ordinates Period
7722 Olands norra udde 636108 157776 1880-1995
7721 Olands norra udde A 636089 157763 1996—
Tierp
Station no Station name Co-ordinates Period
10714 Films kyrkby 668149 161626 1982-
10712 Dannemora 667780 161625 1963-1981
Hultsfred
Station no Station name Co-ordinates Period
7524 Malilla 636291 150033 1947—-
Alvkarleby
Station no Station name Co-ordinates Period
10744 Eggegrund 673601 159516 1881-1976
10744 Eggegrund A 673603 159563 1995—-
10740 Gavle 672698 157443 1885-1995
10742 Gavle A 673398 157400 1996—
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Temporal resolution

Measurements are taken every hour at the stations denoted with A and normally every
3rd hour at the remaining stations. Time period for the different stations are listed
above.

Statistical properties

The observation series can give statistical output as wind roses on a monthly or yearly
basis or other selected periods. The observations can be used to calculate good statistical
data for the different locating sites. Correct information for today and in the future can
be taken from the MESAN analysis.

Methods/models used for existing data

The instrumentation for measuring wind direction is briefly described in a SMHI PM by
Ture Hovberg (Hovberg, 1997). Statistical information can also be computed for the
exact locations. The method used for the MESAN analysis is described in a SMHI report
(Haggmark, Ivarsson and Olofsson, 1997).

2.19.2 Conclusions

No new data or observations should be needed for the description of the wind direction
climate in the different locations.

2.20 Duration of sunshine

Sunshine is registrated continuously or recorded on an hourly basis. Statistical
information including means and extremes can be derived from the data at a given site
for day, month and year.

2.20.1 Existing data

Duration of sunshine is normally registrated continuously or recorded every hour at the
observing stations. In order to ensure comparability between data collected at stations all
over the world as well as to provide a long-term reference value or ‘normal’ with which
shorter-term (e. g. monthly) data can be compared the members of the World
Meteorological Organization (WMO) have agreed to process data over uniform standard

periods. Annual mean in the following tables are therefore calculated for the period
1961-90.

Nykoping

Station no Station name Co-ordinates Period Annual mean
8665 Norrképing 649525 151987 1955— 1765 h
9873 Stockholm 658315 162863 1908—- 1821 h
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Osthammar

Station no Station name Co-ordinates Period Annual mean
Uppsala-Marsta 1953-1990
Uppsala-Ultuna 1963 1698 h
9873 Stockholm 658315 162863 1908- 1821 h
Oskarshamn
Station no Station name Co-ordinates Period Annual mean
Olands sédra udde 1937-1995 1850 h
Tierp
Station no Station name Co-ordinates Period Annual mean
Uppsala-Marsta 1953-1990
Uppsala-Ultuna 1963 1698 h
9873 Stockholm 658315 162863 1908— 1821 h
Hultsfred
Station no Station name Co-ordinates Period Annual mean
6456 Vaxjo 631198 143435 1983- 1440 h
Alvkarleby
Station no Station name Co-ordinates Period Annual mean
Uppsala-Marsta 1953-1990
Uppsala-Ultuna 1963- 1698 h
9873 Stockholm 658315 162863 1908—- 1821 h
Temporal resolution

Measurements for some stations are taken every hour and the values represent the
preceding hour. Other stations have instruments with registration papers. These are sent
by post to SMHI every month and evalutated by our staff. Time period for the different
stations are listed above.

Statistical properties

The observation series can give statistical output as duration curves, extremes and means
on a daily, monthly or yearly basis or other selected periods. The observations can be

used to calculate good statistical data for the different locating sites.

Methods/models used for existing data

Different types of standard instruments do measurements of duration of sunshine. The
instruments are controlled by SMHI. Duration of sunshine can be calculated by system
produced at SMHI using synoptically observations, including cloud information.
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2.20.2 Conclusions

No new data or observations should be needed for the description of the sun duration

climate for the different locations.

2.21 Global radiation

Global radiation is recorded on an hourly basis. Statistical information including means
and extremes can be derived from the data at a given site for day, month, year and other

period.

2.21.1 Existing data

Global radiation is normally recorded every hour at the observing stations. In order to
ensure comparability between data collected at stations all over the world as well as to
provide a long-term reference value or ‘normal’ with which shorter-term (e.g. monthly)
data can be compared the members of the World Meteorological Organization (WMO)
have agreed to process data over uniform standard periods. Annual mean in the following
tables are therefore calculated for the period 1961-1990.

Nyk6ping

Station no Station name Co-ordinates Period Annual mean

8665 Norrkdping 649525 151987 1975- 974,9 kWh/m?

9873 Stockholm 658315 162863 1922- 969,5 kWh/m?

Osthammar

Station no Station name Co-ordinates Period Annual mean
Uppsala-Ultuna 1963- 943,4 kWh/m?

9873 Stockholm 658315 162863 1922- 969,5 kWh/m?

Oskarshamn

Station no Station name Co-ordinates Period Annual mean

7864 Visby 1958 1066,9 kWh/m?

Tierp

Station no Station name Co-ordinates Period Annual mean
Uppsala-Ultuna 1963 943,4 kWh/m?

9873 Stockholm 658315 162863 1922- 969,5 kWh/m?

Hultsfred

Station no Station name Co-ordinates Period Annual mean

6456 Vaxjo 631198 143435 1983—- 911,6 kWh/m?
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Alvkarleby

Station no Station name Co-ordinates Period Annual mean

Uppsala-Ultuna 1963- 943,4 kWh/m?
9873 Stockholm 658315 162863 1922—- 969,5 kWh/m?
Temporal resolution

Measurements are taken every hour. Time period for the different stations are listed
above.

Statistical properties

The observation series can give statistical output as duration curves, extremes and means
on a daily, monthly or yearly basis or other selected periods. The observations can be
used to calculate good statistical data for the different locating sites.

Methods/models used for existing data

Measurements of global radiation are done by a new automatic system since 1983. This
is described in a report from Byggforskningsradet (Josefsson, 1987). Global radiation can
also be calculated by a system produced at SMHI using synoptically observations,
including cloud information.

2.21.2 Conclusions

No new data or observations should be needed for the description of the global radiation
climate for the different locations.
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3 Lakes and Oceanography

Occurrence of lakes and available lake topographical maps are listed in this chapter.
Oceanographic parameters that are crucial for the water circulation and the water quality
are presented in each section. The parameters discussed are water exchange, currents,
sea level variations, oxygen concentration, nutrients, stratification, light conditions,
temperature and salinity.

Co-ordinates for lakes are presented in RT'90-format. All co-ordinates showing oceano-
grafical data and registrations in this chapter are in lat-long format.

3.1 Lakes

The lake database (SSR) was created 1981-83 when information from topographical
maps was stored in a database. The database includes all lakes in Sweden with an area
over 0.01 km’. The co-ordinates describe the lake outlet point.

3.1.1 Existing data

For the communities Nykoping, Osthammar and Oskarshamn only lakes in or close

to the potential areas are listed. The potential areas are derived from three preliminar
SKB reports (Forstudie Nykoping, 1997, Forstudie Osthammar, 1997, and Forstudie
Oskarshamn, 1999). As no potential areas are publicised for the other three communities
Tierp, Hultsfred and Alvkarleby all the lakes within these communities are listed in the
tables. All lakes are plotted on maps in Appendix 1.

Nykoping

Lake Co-ordinates Potential area
Sibbofjarden 651593 158749 Studsvik
Kéxlan 652226 158153 Studsvik
Résjon 651762 158220 Studsvik
Angen 651423 158019 Studsvik
Likstammen 653531 158389 Nykoping NE
Runnviken 652857 157591 Nyk&ping NE
Kvarndammen 653523 157904 Nyképing NE
Frakenkarret 653509 157951 Nykdping NE
Trénsjon 653462 158219 Nykdping NE
Lasten 653478 158387 Nykdping NE
Nacksjon 653672 156735 Nykoping NW
Alskaggaren 653601 156599 Nyképing NW
Sagsjon 653429 156685 Nyképing NW
Kvarndammen 653339 156760 Nykdping NW
Ranksjon 653351 156601 Nykoéping NW
Morpasjon 653160 156392 Nykdping NW
Lagerlundssjon 653248 156585 Nykoping NW
Glottran 653193 156684 Nyképing NW
Kappstasjon 653202 157022 Nyképing NW
Eknaren 653344 157228 Nykdping NW
Rudsjon 651540 153835 Nykoéping NW
Galsjon 653120 156466 Nykoping NW
Lidsjon 653193 156015 Nykoping NV
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Osthammar

Lake Co-ordinates Potential area
Gunnarsbo-Lillfjarden 670062 162961 Forsmark
Uddtrasket 670019 162937 Forsmark
Labbotrasket 669952 162973 Forsmark
Bolundsfjarden 669940 163266 Forsmark
Gallsbotréasket 669875 163081 Forsmark
Vambodrsfjarden 669816 163246 Forsmark
Djuptrasket 669792 163077 Forsmark
Eckarfjarden 669723 163205 Forsmark
Fiskarfjarden 669681 163407 Forsmark
Langsjon 667400 163955 Hargshamn
Gisslaren 666394 164380 Hargshamn
Stordammen 667703 161604 Osterbybruk
Oppdammen 667680 161672 Osterbybruk
Herrgardsdammen 667697 161622 Osterbybruk
Lillsjon 667674 161864 Osterbybruk
Slagsmyren 667388 161605 Osterbybruk
Oskarshamn

Lake Co-ordinates Potential area

Lammhultesjon
Torra gol

St Grytgdlen
Tjustasasjon
Egelgol

Fjallgol
Grangdl
Frisksjon

634789 153278
634710 153309
634586 153391
634220 153277
636245 154331
636543 154382
636617 154253
636827 154947

Oskarshamn S
Oskarshamn S
Oskarshamn S
Oskarshamn S
Oskarshamn N
Oskarshamn N
Oskarshamn N
Oskarshamn N

Tierp

Lake

Co-ordinates

Potential area

Bjorkefjard
Bramsofjarden
Dalarna
Degertrasket
Ensjon
Fillsartrusket
Finnsjon
Frakensjon
Falaren
Gubbenhdllsjon
Hallefjard
Ingsjon
Kyrksjon
Kéringsjon
Landholmsjén
Lerorna
Liss-halsjon
Lissglo
Lissvass
Marsjon

Norra Asjb‘n
Rumsjon
Sjalsjon
Skalsjon
Stora Hallsjon

671065 162064
669683 157918
671408 162145
671742 161282
669972 161263
668801 161034
669564 161462
671881 161389
669267 161021
671409 161953
671219 161796
669033 157716
668262 160535
671341 161859
670424 161382
671095 161950
670987 162170
671758 161241
669635 161328
669267 158361
670047 162237
670567 161354
671868 161246
670108 161862
671041 162215
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Storfjarden 671560 161997

Storfjarden 672061 161621
Strémaren 669274 160365
Strénningsvik 670809 162181
Sagdammen 670000 161395
Trusksjon 669341 160090
Trusksjon 670487 159421
Témnaren 667402 158923
Untrafjarden 670297 158347
Vendelsjon 667217 160102
Vastersjon 671713 161035
Akerbysjon 669828 161229
Hultsfred

"Total number of lakes in the community of Hultsfred is 351. They are listed in
Appendix 2.

Alvkarleby

Lake Co-ordinates Potential area
Bolsjon 672024 159295

Djupsjon 671895 158664

Hyttddammen 671050 158242

Stallfjarden 671710 158979

Stensangersjon 672265 158535

Storfjarden 671364 158841

Trosken 672680 158573

Spatial coverage and resolution

Information on lakes in SMHI database includes information on name, co-ordinates,
topographical and economical map, main precipitation area, community, area class and
notes if any.

Temporal resolution

The lake database is updated continuously.

3.1.2 Conclusions

All lakes in Sweden with an area over 0.01 km2 are stored in SMHI database. No extra
data collection is needed.
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3.2 Lake topography

Bottom topography of lakes. The topography can be analysed from maps produced by
bottom sounding.

3.2.1 Existing data

For the communities Nykoping, Osthammar and Oskarshamn only lakes with
topographical information in or close to the potential areas are listed. As no potential
areas are publicised for the other three communities Tierp, Hultsfred and Alvkarleby all
lakes in these communities are listed in the tables.

Nykoping

Lake Co-ordinates Map year Potential area
Likstammen 653531 158389 1955, 1961 Nykdping NE
Runnviken 652857 157591 1962 Nyképing NE
Lidsjon 653193 156015 1950 Nykoping NW
Osthammar

Lake Co-ordinates Map year Potential area
Eckarfjarden 669723 163205 1989 Forsmark
Fiskarfjarden 669681 163407 1989 Forsmark
Gisslaren 666394 164380 1990 Hargshamn
Stordammen 667703 161704 1990 Qsterbybruk
Lillsjon 667674 161864 1982 Osterbybruk
Slagsmyren 667388 161605 1990 Osterbybruk
Oskarshamn

Lake Co-ordinates Map year Potential area
Lammbhultesjon 634789 153278 1986 Oskarshamn S
St Grytgélen 634586 153391 1986 Oskarshamn S
Frisksjon 636827 154947 1986 Oskarshamn N
Tierp

Lake Co-ordinates Map year Potential area
Dalarna 671408 162145 1989

Ensjon 669972 161263 1982

Fillsartrusket 668801 161034 1989

Finnsjon 669564 161462 1987

Falaren 669267 161021 1985

Ingsjon 669033 157716 ?

Kyrksjon 668262 160535 1990

Kéringsjon 671341 161859 1989

Landholmsjén 670424 161382 1990

Lissvass 669635 161328 1982

Norra Asjon 670047 162237 1990

Skalsjon 670108 161862 1982

Stora Hallsjon 671041 162215 1990

Storfjarden 671560 161997 1989

Storfjarden 672061 161621 1989

Strémaren 669274 160365 1985
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Strénningsvik 670809 162181 1989

Tamnaren 667402 158923 1964, 1990
Untrafjarden 670297 158347 1999
Vendelsjon 667217 160102 1990
Akerbysjon 669828 161229 1982
Hultsfred

The total number of topographical maps in the community of Hultsfred is 102. They are
listed in Appendix 3.

Alvkarleby

Lake Co-ordinates Map year Potential area
Bolsjon 672024 159295 1981

Djupsjon 671895 158664 1989

Temporal resolution

The maps are not uniform and can vary in scale, size, details etc. They are normally
produced by communities or other local authorities and delivered to SMHI’s database. At
SMHI the maps are analysed and digitised. Bottom topography and area/deep
relationship is calculated.

Methods/models used for existing data

The normal method is maps created by sounding either from ice during winter or from
boats during summer period. The density of the sound-lines can differ and are not
uniform from map to map.

3.2.2 Methods for data collection

If bottom topography is wanted from more lakes sounding can be done either from ice
or from boat. After sounding the data is analysed, preferably at SMHI. Maps with depth
contour lines will be created and area/deep relationship analysed.

If the lake is big acoustic doppler method by use of ADCP-instrument can be an
alternative to other more conventional sounding methods.

Potential resources

Local authorities or companies can after instruction from SMHI do the sounding. SMHI
has long experience from ADCP measurement for current analysis as well as for
registration on bottom topography in lakes, rivers or at sea. Equipment for bottom
topography evaluations after mapping is available at SMHI and can be done on a rather
short time schedule.

3.2.3 Conclusions

If the available maps in SMHI’s database are not sufficient it is a rather simple process to
include new lakes by any type of sounding. An efficient way to calculate topographical
maps is to create a graphical area/deep relationship.

53



3.3 Bottom sediment

SMHI has no data on bottom sediment from lakes. This kind of data can be available
from geological maps distributed by the Swedish Geological Services, SGU.

3.4 Lake water level

Water levels in lakes are registered by the hydrological network for measurements of
discharge. A number of discharge stations give information on outflow from lakes and
from these station also lake water stage is available.

Nykoping

No water level information is available in the potential areas of Nykoping community.

Osthammar

No water level information is available in the potential areas of Osthammar community.

Oskarshamn
Station no Station name Lake Co-ordinates Period
74-1619 Forshultesjon Forshultesjon 634734 153084 1954->

Forshultesjon is located in Lillin 5 km west of Oskarshamn. Lilldn is a tributary to
Eman.

Tierp

Water level data in the lake Tdmnaren in Tierp community is available from the
technical office in Uppsala community.

Hultsfred
Station no Station name Lake Co-ordinates Period
73-2291 Solnen Solnen 638341 150697 1980->

Solnen is located in Virin and about 10 kilometres north of Hultsfred.

Alvkarleby

No lake water level data is available in the Alvkarleby community.
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3.4.1 Methods for data collection

New observation gauges can be installed in any lake. Data can be collected by use of
different kind of water level loggers with an automatic or local collection system.

Time schedule

Installation is preferably done during the spring, summer or autumn.

Potential resources

SMHI has long experience from installation of water level measurement equipment, but
also other technical companies have this competence.

Data processing

Data stored in loggers is normally emptied according to outlined program and stored in
databases. Also automatic deliverance in real-time can be arranged, but then a telemetric
system must be used with a mobile or stationary telephone installation.

3.4.2 Costs

Roughly estimation of costs in 1999 prize level:

Installation 25,000 SEK
Logger 30,000-40,000 SEK
Yearly maintenance 5,000 SEK

If a telemetric system is installed costs will increase depending on type of system.

3.4.3 Conclusion

Measurement on water level is insufficient. Installation of loggers for water level
registration in any lake can easily be done to a modest cost.

3.5 Water exchange and currents in lakes

Water exchange in lakes can be derived from by measurements on wind, currents and
rate of flow in the rivers running into the lake.

3.5.1 Existing data

No measurements on the water exchange or currents exist in any of the 6 communities.

Wind data is available.
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3.5.2 Methods/models for data collection

The rate of flow can be calculated from several methods. Either using a statsitical
analysis of rivers in the neighborhood or by using hydrological models, which are applied
on a great amount of areas. Measurements of the flow rates is also a recommended
method.

Different kinds of current meters are used in current measurements. A system with
several meters is anchored at the bottom and registers current speed and direction during
a couple of weeks or months. If a two dimensional section shall be measured an ADCP
(Acoustic Doppler Current Profiler) instrument is chosen. Also manual measurements
can be made.

To get data in a dense grid and covering all different kinds of circulation the best way is
to apply a numerical model to simulate currents and temperatures. SMHI has long
experience of water circulation modelling, especially 3-D with the PHOENICS model.
The simulations need to be validated in the chosen area.

More information on PHOENICS modelling is available in chapter 3.10 Water exchange
and currents in the sea.

3.6 Lake water nutrients

Noutrients include nitrogen (total-nitrogen, nitrate, nitrite and ammonia), phosphorus
(total-phosphorus and phosphate) and silicate. It is defined as a concentration of any of
the nutrients.

3.6.1 Existing data

There are no observations from nutrients in lakes available in the 6 communities.

See chapter 3.13 Sea water nutrients for description on measurement and modelling on
nutrients.

3.7 Lake water oxygen

Oxygen gives the concentration of oxygen in the water. It sets the condition for life in

the lake.

3.7.1 Existing data

No measurements on oxygen exist in the lakes in the 6 communities.

See chapter 3.12 Sea water oxygen for description on measurements and modelling on
oxygen parameters.
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3.8 Lake light condition

Light condition is the visibility through the water mass, how much light that is
transmitted over a certain distance. It gives a good information about water quality.

3.8.1 Existing data

No measurements on lake light condition exist in the lakes in the 6 communities.

See chapter 3.14 Sea light condition for description on measurements of the light
penetration.

3.9 Temperature and stratification in lakes

"Temperature data gives information about the stratification in lakes. SMHI lake
temperature network is closed since some years ago. The up to then collected data
does not include any lake within the 6 communities.

3.9.1 Methods for data collection

"Temperature is easily measured either with recording temperature chains giving data at
dense levels during a longer period or manual recording.

A one-dimensional numerical model, Probe, is a perfect tool to give a highly resoluted
information about the stratification during a whole year, described in chapter 2.16 Ice
[freeze-up/break-up.

Potential resources

SMHI has long experience from temperature measurements both in lakes and in the sea.

3.9.2 Costs

Rough estimation of costs in 1999 prize level with an Aanderaa temperature chain is
5,000 SEK per month.

3.10 Water exchange and currents in the sea

Water exchange can be derived by currents, temperature and salinity measurements.

3.10.1 Existing data

Current measurements are carried out for certain projects for shorter periods, e.g.
months. Because of this, the data set is irregular over time. Many of the datasets are
stored in database MIMER, and some are described in reports.
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Nykoping

Automatic registration current measurements were made in Orsbaken during 1980 and
1981. In addition to that, in situ measurements are made during this period.

Co-ordinates Map year Potential area
584141 171514 1980-1981

584006 171246 1980-1981

Osthammar

There are automatic registration current measurements outside Forsmark at 6 positions
during 1985 and 1992 at a few months. In situ measurements are also made each month
during 1970-1972 in many stations.

Co-ordinates Map year Potential area
602590 181110 1985-1992

602678 180928 1985-1992

602625 180930 1985-1992

602500 181450 1985-1992

602400 181600 1985-1992

602366 181592 1985-1992

Oskarshamn

Automatic registration current measurements were made outside Simpevarp at one
station during 28 months at 3 meters depth, see map. In situ measurements were also
made at several occasions during 1972-1978.

Co-ordinate Map year Potential area

572530 164250 1972-1978

Tierp and Alvkarleby

See Forsmark measurements in section Osthammar. Automatic registration current
measurements using older instruments (“Geodyne”) were made in 1967. Results are
stored as current roses in reports from that time. This gives a good statistical picture

of the directions and velocities. In situ measurements were made in this area during
1966-1970. Hydrographic conditions have been mapped during 1966-1970.

Temporal resolution

The Aanderaa instruments give the current during a longer period at a fixed site. The
temporal resolution is preferably between 20 and 60 minutes. ADCP gives a 2-D section
at the time when the measurement is made.

Methods used for existing data

Different kinds of methods to process data are used. Data can be presented as
trajectories, current roses, components or other ways suitable for the purpose.
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3.10.2 Methods/models for data collection

When the current is measured with ADCP (Acoustic Doppler Current Profiler) or
Aanderaa instruments. The Aanderaa instruments give the current during a longer period
at a fixed site. The temporal resolution is preferably between 20 and 60 minutes. ADCP
gives a 2-D section at the time when the measurement is made. Measurements of the
motion of floats drifting with the current have been performed.

Information can also be simulated by applying a numerical model to calculate currents,
salinities and temperatures. SMHI has long experience in water circulation modelling,
especially 3-D modelling with the model PHOENICS. SMHI also has a trajectory
model, which can be coupled to the circulation model to simulate outlets of different

kinds.

The model system Seatrack

The trajectory model of oil and chemical spills is an optional part of the system. The
model system, Seatrack, used at SMHI is developed at our institute. It is an extremely
user-friendly system, which in its interior has an advanced 3 dimensional model, a
weathering module, a trajectory module and a statistical module. The calculations include
weathering of different kinds of oil as well as chemicals with behaviours such as passive,
sinking and floating which are included in the system. The results from the analyses are
trajectories covering 1 year or 10 years if there is wind data available. It also includes
statistical information from a great number of trajectories, such as isolines of the risk for
different parts of the area studied and isolines of the time it takes for a spill to reach
different areas. It is then possible to start with the areas which are investigated and make
statistics for each month from which areas the calculated spills emerge. The results are
shown on maps using a well-established Geographical Information System (GIS). The
model is used in open water in the sea, coastal areas, lakes and rivers.

The model Phoenics

SMHI normally uses the 3D CFD (Computerised Fluid Dynamics) model PHOENICS
used in many applications. One very important project is the study of environmental and
dynamical effects of the link between Denmark and Sweden. Many different solutions are
studied in detail. All our results from the Link project have been examined and evaluated
by an international Expert Panel of physical oceanographers giving us a high score for
our calculations.

PHOENICS can be applied close to the coast in the areas including the coastal zone.
Current patterns caused by large scale driving forces can be simulated with the relevant
seasonal changes, as well as dynamical effects from the bottom friction, the coastline and
wind pattern. The results from the simulation of different cases will be calibrated using
available oceanographical and wind data.

For larger scale perspectives, 3-D model HIROMB (HIgh Resolution Ocean Model for
the Baltic) can be used to forecast (48 hours ahead). Within the HIROMB project, the
German Federal Maritime and Hydrographic Agency (BSH) and SMHI R&D have
developed an operational ocean model, which covers the North Sea and Baltic Sea region
with a horizontal resolution varies from 1 to 3 nautical miles. Atmospheric forcing is
provided by HIRLAM (weather model used for forecasting in many countries including
Sweden), wave forcing by HYPAS (wave model) and the open boundary forcing consists
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of river runoff, tides and a storm surge model, covering the north-east Atlantic. The
HIROMB model system calculates daily forecasts of currents, salinity and temperature at
different depths as well as sea surface elevation, ice coverage and ice thickness.

Time schedule

Installation of current meters is preferably done during spring, summer or autumn
period.

The time it takes to apply a circulation model depends on how well resoluted it should
be and how complicated the topography is in the area and what the results will be used
for. For a model there is in all cases except for Forsmark (Osthammar) and Simpevarp
(Oskarshamn) a demand for measurements of currents during 2 months (up to 5
instruments depending of sea area).

Prognoses using HIROMB can be given at any time. The model is already in operational
service.

Potential resources

SMHI has long experience from installation of current meter equipment and modelling.
Recently (August 1999) the environmental management programme (of which SMHI is
part) for the Oresund fixed link gets top mark from independent international expert
panel. The environmental management programme is highlighted as leading in its field.
In accordance with preliminary investigations, the dredging and landfill activities have
been planned carefully to avoid negative environmental effects. As a result the environ-
mental impacts have been minimal. The models used for calculating the flows of salt and
oxygen to the Baltic Sea have been very successful and are characterised as “state of the
art” modelling (Danish Environmental and Energy minister in Danish paper Ingejeoren).

Data processing

Data stored in loggers is normally emptied according to outlined program and stored in
databases. Also automatic deliverance in real-time can be arranged, but then a telemetric
system must be used with a mobile or stationary telephone installation.

3.10.3 Costs

"To get current data in a few sites, measurements are recommended. To get a more
complete idea of the currents in an area, a circulation model is the best. The cost of
designing a model is 50,000-100,000 SEK. Rough estimation of costs is in 1999 prize
level.

48 hours prognoses of large-scale currents, temperature and salinity can be produced,

based on qualified interpretation of HIROMB. The prize depends on what is needed.

Material, special resources

Installation incl. service of ADCP and S4 (automatic recording current meter) is 20,000
SEK per month.
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Man hours

Installation and uptake: app. 15,000 SEK. If a telemetric system is installed costs will
increase depending on type of system.

3.10.4 Conclusions

Existing current data are irregular both in space and time, but enough are available at
two places: Forsmark (Osthammar) and Simpevarp (Oskarshamn). A circulation model
PHOENICS receives the best information of the current pattern. The model needs
measurements to be verified in all sites except the two mentioned, where it already exists

data. There is also a possibility to use a prognosis system based on daily 48 hours
forecasts by HIROMB.

3.11 Sea level variations

Sea level is measured as a height above a certain level. Corrections for land rise are made
before data is stored in the database.

3.11.1 Existing data

The data are from continuous recordings by mareographs and exists in long time series,
(over 100 years). Data are stored in the database SVAR, and user friendly interface for
extraction exists. Data can be received in ASCII format.

Nyképing

Sea level data from Marviken and Landsort can be used directly or to calculate the sea
level outside Studsvik.

Station Co-ordinates Map year Potential area
Marviken 5833 1650 1964-

Landsort 5845 1752 1886-

Osthammar

Sea level is recorded at Forsmark.

Station Co-ordinates Map year Potential area
Forsmark 6024 1814 1975-
Oskarshamn

Sea level data from Olands Norra Udde (since 1887) and Oskarshamn (since 1887) can
be used directly or to calculate the sea level outside Studsvik.

Station Co-ordinates Map year Potential area

Olands No Udde 5722 1706 1964-
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Tierp

See Osthammar (sea level station Forsmark).

Alvkarleby

See Osthammar (sea level station Forsmark).

Temporal resolution

The recordings by the mareographs are made with one-hour interval.

Statistical properties

Programs for statistical analysis of sea level data have been developed. For example
characteristic sea levels (max, min, average of max, average of min), frequency analysis
and return period can be obtained.

Methods used for existing data

Mareographs are used for most existing sea level data.

3.11.2 Methods/models for data collection

Mareographs are very robust instruments. They have bases of concrete and are designed
for operation during long periods (over 100 years). A cheaper way of getting sea level
data, if one is not interested in data during a period longer than 10 years, is to install an
Echolevel gauge instrument.

SMHI can produce sea level prognoses based on the HIROMB model. SMHI Marine
Service department performs prognoses of sea level for a site.

Time schedule

Installation of Echolevel can be done during the whole year except for the winter.

Potential resources

SMHI has long experience from sea level measurements. The longest, still ongoing time
serie of sea level data (since 1771) is operated by SMHI.

Data processing

Data stored in loggers is normally emptied according to outlined program and stored in
databases. Also automatic deliverance in real-time can be arranged, but then a telemetric
system must be used with a mobile or stationary telephone installation.
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3.11.3 Costs

Roughly estimation of costs in 1999 prize level:

Installation 12,000 SEK
Instrument with recorder® 20,000 SEK
Instrument connected to computer screen 50,000 SEK

*Has to be emptied once a week.

3.11.4 Conclusions

Sea level data from mareograph stations is regularly recorded and covers long periods. It
is also possible to use an Echolevel.

3.12 Sea water oxygen

Oxygen is measured as a concentration in water. It gives the conditions for life in the sea.

3.12.1 Existing data

Oxygen concentrations are measured sporadically.

Nyképing

In situ measurements of oxygen concentration are made during the measuring period
weekly and monthly in the area outside Nykoping (Orsbaken).

Osthammar

Measurements are made in situ at different stations every month 1970-1972 in the area
outside Forsmark.

Oskarshamn

At station REF O3V oxygen concentration is measured since 1995. Samples are taken
from the surface and the bottom. At Simpevarp, measurements are made in situ at
different stations 1973-1977. During 1966-1977 oxygen is measured at two stations:
Hamnehalet at two levels, and at station 21 at four levels. From 1989 measurements are
made at station OKGI1V at the surface and the bottom.

Station Co-ordinates Map year Potential area
REF O3V 5715,90 1628,80 1995-

Area of Simpevarp — 1973-1977

Hamnehalet 5725,15 1641,20 1966-1977

21 5724,75 1641,20 1966-1977

OKG1V 572455 1641,70 1989-
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Tierp

In situ measurements are made at 20 occasions in 1970-1971 in the area of Norra
Oregrundsgrepen.

Co-ordinates Map year Potential area
6038,80 1759,40 1970-1971

6041,50 1758,50 1970-1971

Alvkarleby

Some measurements from 18 measuring periods are made during 1966-1970. Some of
these stations are within the sea area outside Alvkarleby.

Temporal resolution

At station OKG1V measurements are made every second month. Outside Forsmark and
at station REF O3V oxygen samples are taken every month.

Methods used for existing data

Bottles were filled and sent to SMHI laboratory performing analyses using the Winkler
method and data are stored in the database SHARK.

3.12.2 Methods/models for data collection

See above. Analysis of oxygen is done using methods in accordance with ICES/
HELCOM.

The model Scobi

A biogeochemical model, the SCOBI model, for the coastal zone, is coupled to different
circulation models, PROBE (1-D) and PHOENICS (3-D) and HIROMB (3-D). The
SCOBI model involves primary phytoplankton production, nitrogen fixation as well as
secondary zooplankton production. It estimates ammonia, nitrate, phosphate, oxygen,
phytoplankton, zooplankton and detritus. This work is a part of an integrated atmospheric-
riverine-marine biogeochemical model system. SCOBI has been applied to the Hanoe
Bay and shows good agreement. This model could be used to show how the oxygen
concentration varies in time and space.

Time schedule

Measurements can be carried out any time. Ice might be a complication.

Potential resources

SMHI Oceanographic Laboratory is accredited by SWEDAC (Swedish Board for
Accreditation and Conformity Assessment). The laboratory shows very good results in
QUASIMEME, an international extensive laboratory quality assurance performance
programme with over 180 participating groups.
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Data processing

Data is normally stored in the database SHARK, which makes extractions of ASCII files
simple.

3.12.3 Costs

Roughly estimation of costs in 1999 prize level:

Boat 1,000 SEK per day
Lab. Analyse 500 SEK per sample

If more than one parameter is included, the total prize will be lower.

3.12.4 Conclusion

Measurements of oxygen concentrations can be arranged and the quality of the reported
data will be very high.

3.13 Sea water nutrients

Noutrients include nitrogen (total-nitrogen, nitrate, nitrite and ammonia), phosphorus
(total-phosphorus and phosphate) and silicate. Nutrients are defined as concentration of
any of the components.

3.13.1 Existing data

Most of the existing data are collected in order to see how the eutrophication affects the
sea. When nutrients are mentioned, it sometimes does not include all types of nutrients.

Nyképing

Nutrient measurements were made weekly during 1980-1981 outside Nykoping in
Orsbaken.

Osthammar

Measurements were made in situ at different stations every month during 1970-1972 in
the area outside Forsmark. However, these measurements do not have a high quality.

Oskarshamn

At station REF O3V nutrients were measured every month since 1995. Samples were
taken from the surface and the bottom.

Station Co-ordinates Map year Potential area

REF O3V 5715,90 1628,80 1995-
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Tierp
Alvkarleby
Temporal resolution

See above.

Methods used for existing data

Bottles were filled and sent to SMHI Oceanographic Laboratory who performed analyses
and the data is stored in database SHARK. Analyses of nutrients are done using methods
in accordance with ICES/HELCOM.

3.13.2 Methods/models for data collection

See above. See also section “Methods/models for data collection” for Oxygen where the
biogeochemical model SCOBI is described.

Time schedule

Samples can be taken any time during the year, except when the ice is too thick to break
with the boat or too thin to hold for a person plus equipment.

Potential resources

SMHI Oceanographic Laboratory is accredited by SWEDAC (Swedish Board for
Accrediation and Conformity Assessment). The laboratory shows very good results in
QUASIMEME, an international extensive laboratory quality assurance performance
programme with over 180 participating groups.

Data processing

Data is stored in database SHARK, which makes extractions of ASCII files simple.

3.13.3 Costs

Roughly estimation of costs in 1999 prize level:

Boat 1,000 SEK per day
Lab. analyse 500 SEK per sample

If more than one parameter is included, the total prize will be lower.

3.13.4 Conclusions

Measurements of oxygen concentrations can be arranged and the quality of the reported
data will be very high.
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3.14 Sea light condition
3.14.1 Existing data

Light conditions can be measured in many ways. The most frequent method used at
SMHI is the secci depth. It is defined as the depth at which a secci disk (a white disk)
of diameter 30-cm can be seen from the surface. Some of the secci data is stored in
database SHARK. Sometimes, a transmissiometer has been used to measure the water
transparency. There is also some turbidity data.

Nykoping

Secci depth measurements were performed weekly during 1980-1981 outside Nyképing
in Orsbaken.

Osthammar

Secci depth and transparency measurements were made at different stations every month
1970-1972.

Oskarshamn

At station REF O3V secci depth has been measured every month since 1995.

Station Co-ordinates Map year Potential area
REF O3V 5715,90 1628,80 1995-
Tierp

Ip situ measurements are made at 20 occasions in 1970-1971 in the area of Norra
Oregrundsgrepen.

Co-ordinates Map year Potential area
6038,80 1759,40 1970-1971

6041,50 1758,50 1970-1971

Alvkarleby

Some measurements from 18 measuring periods are made during 1966-1970. Some of
the stations are within the sea area outside Alvkarleby.

Temporal resolution

See above.

Methods/models used for existing data

See “Existing data” for secci depth. Transmission was measured for white light over a
distance of 50 cm. The transmissiometer is of type Philipp Schenk. Turbidity analyses
have been performed at SMHI’s laboratory using Sigrist photometer. There are also
possibilities to make continuous measurements of transparency and turbidity.
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3.14.2 Methods for data collection

Measurement of secci depth is quite simple to perform. Usually, secci depth is measured
within a complete program of physical-chemical parameters such as nutrients, oxygen
and salinity and temperature.

Time schedule

Can be done any time except when there is ice.

Potential resources

Experience of other types of light measurements than secci depth exists within SMHI.

Data processing

Data is normally stored in database SHARK, which makes extractions of ASCII files
simple.

3.14.3 Costs

Roughly estimation of costs in 1999 prize level:
Boat 1,000 SEK per day

If more than one parameter is included, the total prize will be lower.

3.14.4 Conclusions

Measurements of secci depth can be arranged and the quality of the reported data will be
very high.

3.15 Sea temperature and stratification

Temperature is easily measured and a good measure for stratification and circulation.
Therefore a lot of data exist from different shorter periods.

3.15.1 Existing data

Temperature can be measured to see how the water exchange and vertical ventilation
vary. Sometimes, a more complete pattern over a whole area is needed. In some areas,
extensive modelling of warm water plumes from power plants has been made. Measure-
ment and model data are stored in reports. Some data is stored in computer files and
some data (Aanderaa) is stored on tape. The structure of existing data for temperature
is of the same as for current data.
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Nykoping

Automatic registration temperature measurements are made in Orsbaken 1980-1981 at
two stations. Registration 2 times every hour at 11 levels from surface to bottom.

Weekly measurements are also stored from Grisskiren (58°37,00N 17°13,40E) during
1971-1988 in 5 levels.

Co-ordinates Map years Potential area
5842,30 1711,50 1980-1981
5838,95 1720,00 1980-1981
5837,00 1713,40 1971-1988

In situ measurements are made during this period weekly and monthly in the area
outside Nykoping (Orsbaken).

Osthammar

Automatic registration temperature measurements were made outside Forsmark at
different stations from the intake- and outlet area and in the sea outside Forsmark
nuclear powerstation. Temperature was in 1972-1978 registrated at several levels 1-2
times every hour.

Co-ordinates Map year Potential area
6031,45 1801,70 parts of 1972-1978
6031,10 1802,80 parts of 1972-1978
6031,10 1801,70 parts of 1972-1978
6028,70 1815,10 parts of 1972-1978
6027,50 1810,00 parts of 1972-1978
6027,10 1811,90 parts of 1972-1978
6027,00 1830,40 parts of 1972-1978
6026,75 1810,90 parts of 1972-1978
6026,50 1809,20 parts of 1972-1978
6026,45 1809,20 parts of 1972-1978
6026,45 1812,20 parts of 1972-1978
6026,40 1809,20 parts of 1972-1978
6025,85 1810,40 parts of 1972-1978
6025,75 1812,80 parts of 1972-1978
6025,55 1814,50 parts of 1972-1978
6025,50 1815,00 parts of 1972-1978
6025,40 1814,50 parts of 1972-1978
6023,70 1823,20 parts of 1972-1978
6023,65 1815,00 parts of 1972-1978
6023,60 1815,00 parts of 1972-1978
6022,30 1819,40 parts of 1972-1978
6021,10 1821,10 parts of 1972-1978
Oskarshamn

Automatic registration temperature measurements were made outside Simpevarp at
different stations from the intake- and outlet area and in the open sea outside Simpevarp
nuclear power station. Temperature is registrated at several levels 1-2 times every hour

during 1972-1978.
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From 1989 until today registration measurements are made at several depths at one
station Eko. Temperature is also measured in situ at one station OKG1V outside
Simpevarp every second month since 1989. Levels: Surface and bottom.

Outside Oskarshamn, at station REF O3V temperature is measured every month since
1995. Levels: 1-meter intervals.

Station Co-ordinates Map year Potential area

5727,75 1643,50 parts of 1972-1978
5727,20 1647,10 parts of 1972-1978
5725,47 1642,60 parts of 1972-1978
5725,05 1641,30 parts of 1972-1978
5724,55 1642,80 parts of 1972-1978
5724,30 1641,20 parts of 1972-1978
5723,95 1639,10 parts of 1972-1978
572255 1639,50 parts of 1972-1978
5723,90 1639,00 parts of 1972-1978

Eko 5724,55 1641,70 1989-
OKG1V 5724,55 1641,70 1989-
REF O3V 5715,90 1628,80 1995-
Tierp

See Forsmark in section Oskarshamn. One of the listed stations lies within the area
outside Tierp. In situ measurements from 20 occasions 1970-1971 are made at some
stations in Norra Oregrundsgrepen. Levels: surface and bottom.

Station Co-ordinates Map year Potential area

6038,80 1759,40 1970-1971
6041,50 1758,50 1970-1971

Alvkarleby

Some measurements from 18 measuring periods are made during 1966-1970. Some of
the stations are within the sea area outside Alvkarleby.

Temporal resolution

See above.

Methods/models used for existing data

Temperature can be measured with several types of instruments, depending on preferred
spatial or time resolution. Mainly, there are two types; registrating and in situ
measurements. The first type gives the highest time resolution. The registrating
instruments hold a chain where sensors are placed as dense as needed in the vertical.

Extensive modelling of temperature fields outside power plants have been done using a
model called PRYCH, which is a warm water jet plume model.
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3.15.2 Methods for data collection

Time schedule

Temperature measurements using registrating instrument are preferably set out during
spring, summer or autumn.

Potential resources

SMHI has long experience of temperature measurements.

Data processing

Data is normally stored in database MIMER, which makes extractions of ASCII files
simple.

3.15.3 Costs

Roughly estimation of costs in 1999 prize level:

Temperature and salinity chain 3,000-5,000 SEK per month

3.15.4 Conclusions

See the corresponding section for currents.

3.16 Salinity

Salinity is measured by the water’s conductivity. Salinity is mainly used as an indicator
for common conditions, water exchange, circulation and stratification.

3.16.1 Existing data
Nykoping

In situ measurements of salinity were made during the period weekly and monthly in
the area outside Nykoping (Orsbaken). Weekly salinity measurements are also made at
station Grisskiren.

Station Co-ordinates Map years Potential area
Grasskaren 5837,00 1713,40 1971-1988
Osthammar

Measurements are made in situ at different stations every month during 1970-1972 in
the area outside Forsmark.
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Oskarshamn

At station REF O3V oxygen concentration is measured since 1995. Samples are taken
from surface and bottom water. At Simpevarp, measurements are made in situ at
different stations 1973-1977. During 1966-1977 oxygen is measured at two stations:
Hamnehilet at two levels, and at station 21 at four levels. From 1989 measurements
are made at station OKG1V . Levels: Surface and bottom.

Station Co-ordinates Map year Potential area
REF O3V 5715,90 1628,80 1995-

Area of Simpevarp — 1973-1977

Hamnehalet 5725,15 1641,20 1966-1977

Tierp

In situ measurements are made at 20 occasions during 1970-1971 in the area of Norra
Oregrundsgrepen.

Co-ordinates Map year Potential area

603880 1759,40 1970-1971
604150 1758,50 1970-1971

Alvkarleby

Measurements from 18 measuring periods are made during 1966-1970. Some of these
stations are within the sea area outside Alvkarleby.

Methods used for existing data

When salinity is measured with registration instruments, the conductivity is measured
and then transformed into salinity. In situ measurements of salinity are made by
analysing the water and use methods in accordance with ICES/HELCOM.

3.16.2 Methods for data collection
See 3.15.2.

3.16.3 Costs
See 3.15.3.

3.16.4 Conclusions

See 3.15.4.
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4 Discussion

Measurements and data collected for many of the climatological and oceanographical
variables differ not so much in the spatial resolution between the six communities. But
for some of the variables the data are very sparsely collected and new measurements or
model calculations must be initiated.

Concerning statistical information on precipitation, temperature and runoff the coverage
in all the six communities is sufficient. If new information for any of these variables is
needed in sites where no data collection is available new installations can be made at low
cost. Modelling is also since many years a well-used method for calculation of these
climatic variables and can complete any missing observation or data collection activity.

Snow, frost and ice break-up and freeze-in variables are not as well established as the
other climatological data. If these variables are essential and needed for SKB, data
collection must be initiated. Ground frost level can be modelled with reasonable accuracy
by use of model applications. Evaporation is a variable normally not measured, but can
be calculated for specific sites if needed.

Data describing air pressure tendency together with wind velocity and direction is
available for all communities and should be sufficient for the purpose of SKB. Also the
variables global radiation and duration of sunshine is available with acceptable coverage.

Lake maps showing the bottom topography are available for many of the lakes in the six
communities. If any lake map is missing, old or incomplete new surveys of the bottom
can easily be done with soundings during winter from ice or during summer from boat.
Bottom sediment of the lakes is not measured but can be developed from geological
maps.

If a special study is wanted from any lake concerning water exchange, currents, nutrients,
light condition, temperature and stratification new measurements must normally be
initiated. This type of data is not stored in any standard database at SMHI but can be
collected and modelled in special survey activities.

Concerning coastal measurement and model activities a lot of work has been done in the
three communities with nuclear power installations. These data can be used also for
planning of deep disposal areas but must probably be complemented with new
measurements and model set-up.

Models can be suitable not only for the details listed under the different headlines in

this report but also for a number of different other applications. If data in available series
are missing models can be used to fill in any gaps. They can also be used to prolong

the data time series. If any evalution on the infuence in meteorology, hydrology and
oceanography from future climate changes different model applications are used and

can be used also for any climate change investigation for SKB.
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Appendix 1

Maps

The maps show geographical location of observation sites and lakes in the six
communities. A total number of 12 maps were Oskarshamn + Hultsfred, Nykoping
and Alvkarleby + Tierp + Osthammar are joined together. The potential areas, as
described by SKB, in Oskarshamn, Nykoping and Osthammar respectively are marked
with grey.

The variables are plotted on four different maps. Map type one show location of
precipitation, temperature, wind, radiation and air pressure observation spots. Next
maps show runoff, evapotranspiration, ice freeze up/break up and snow coverage. All
lakes and map of lakes are plotted on next map. Note that only the lakes in or close to
the potential areas are plotted in Nykoping, Oskarshamn and Osthammar community.
The last map series presents were data spots for the oceanographical data collection
program is located.
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Lakes in Nykoping Community.



e oxygen light
A oxygen
Y temperature
O nutrients
X salinity
r sea level
A water exchange

Stations in Nykioping Community Oceanography.
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SMHI B statistical precipitation
| actual precipitation/year
+ statistical temperature
O actual temperature
" wind direction

air pressure

/\ global radiation
% duration sunshine

Stations in Nykiping Community. Precipitation, temperature, wind, radiation and air pressure.
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e actual runoff

O statistical runoff

B evapotranspiration
ice freeze up/break up
snow coverage

Stations in Nykoping Community. Runoff, evapotranspiration, ice freeze up/break up and snow
coverage.
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lakes
® lakes with bottom topography

Lakes in Hultsfred and Oskarshamn Community.
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e oxygen light
A oxygen
Y temperature
O nutrients
X salinity
r sea level
A water exchange

Stations in Hultsfred and Oskarshamn Community Oceanography.
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[ statistical precipitation

| actual precipitation/year
statistical temperature

O actual temperature

" wind direction

~+ air pressure

/\ global radiation

¢ duration sunshine

Stations in Hultsfred and Oskarshamn Community. Precipitation, temperature, wind, radiation
and air pressure.
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actual runoff
statistical runoff
evapotranspiration

ice freeze up/break up
show coverage

“luoe

Stations in Hultsfred and Oskarshamn Community. Runoff, evapotranspiration, ice freeze up/
break and snow coverage.
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* lakes
@ lakes with bottom topography

Lakes in Alokarleby, Tierp and Osthammar Community.

86




e oxygen light

A oxygen

Y temperature

O nutrients

X salinity

r sea level
A water exchange

Stations in Alvkarieby, Tierp and Osthammar Community Oceanography.
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ml,“ B statistical precipitation
| actual precipitation/year
- statistical temperature
O actual temperature
" wind direction
| air pressure
/\ global radiation
% duration sunshine

Stations in Alvkarieby, Tierp and Osthammar Community. Precipitation, temperature, wind,
radiation and air pressure.
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e actual runoff

O statistical runoff

B evapotranspiration
ice freeze up/break up
snow coverage

Stations in Alvkarieby, Tierp and Osthammar Community. Runoff; evapotranspiration, ice freeze
up/break up and snow coverage.

89







Lakes in Hultsfred community Appendix 2

Hultsfred community - Lakes

Name Lake number Top. Ek. Area Disch. County Notes Corr. Code
map map class area
637587 151411 06GNV  5c¢ E 73 8
Abborregél 637794 149742 06FNO  5j E 74 8
Abborregélen 634604 148698 05FNO 9h E 74 8 S4
Abborrgélen 634660 149074 05FNO  9i E 74 8
Alen 636150 150522 06GSV 2b E 74 8
Alm en 634531 148678 05FNO 9h E 74 8
Andgélen 635271 150942 06GSV 0Ob E 74 8
Annegdl 635343 149508  06FSO 0j E 74 8 R87 1
Arvidsgol 635476 151300 06GSV 0Oc E 74 8 S4
Aven 635085 149038 06FSO  Oi E 74 8 S4
Avesjon 634477 148733 O5FNO 8h D 74 8
Avgol 637564 151819 06GNV 5d E 72 8
Barnegdl 636626 149424 06FSO i E 74 8
Bastegdl 634812 150949 05GNV  9b E 74 8
Bastegdl 635058 150132 06GSV 0a D 74 8
Berkgdlen 635282 151413 06GSV 0c E 74 8
Bjurgdlen 635397 150913 06GSV 0Ob E 74 8
Bjursjon 636394 150454 06GSV 2a E 74 8
Bjarkagal 637247 151212 06GSV 4c D 73 8
Bjorksebo gdl 638266 150892 06GNV 6b E 73 8
Bjornasjon 635193 148103 06FSO 0g E 74 8
Bjérnbécksgélen 636712 149248 06FSO  3i E 74 8
Bjérngolen 634899 148494 05FNO 9g E 74 8
Blagol 638186 151112 06GNV 6¢c E 72 8
Blagsl 638347 149711  06FNO 6] E 74 8
Blagdlen 634813 150045 05GNV  9a D 74 8
Blagdlen 634955 149744 O5FNO  9j E 74 8
Boasjon 637419 149002 06FSO  4i D 74 8 L1 06
Boda gl 634881 150233 05GNV 9a D 74 8
Bogol 636761 151022 06GSV 3c E 73 8
Borgegol 635484 150781 06GSV Ob E 74 8 S1
Bosjon 636264 150536 06GSV 2b D 74 8
Breda viksjon 636587 148179 06FSO 39 D 74 8
Bridd 635178 148424 06FSO o0g D 74 8
Brogdl 634729 148201 05FNO 9g E 74 8
Brogdl 635382 149480 06FSO  0i E 74 8
Bragol 636977 151306 06GSV  3c E 73 8 R6 90
Bra gol 636787 151029 06GSV  3c F 73 8 K94
Byegélen 635771 149795  06FSO 1j E 74 8 K94
Bysjon 635958 149617 06FSO 1] D 74 8 R690
Bysjon 636242 148597 06FSO 2h E 74 8
Bysjon 637612 151545 06GNV 5d D 73 8
Bote gol 634443 149671 O5FNO  §j E 74 8
Dalsjon 637348 152140 06GSV 4e D 73 8
Dammasjoén 636801 150153 06GSV 3a E 74 8
Djupegél 634794 150886 05GNV 9 D 74 8
Djupgol 634573 148643 05FNO 9h E 74 8
Djupsjo 634780 150158 05GNV 9a D 74 8
Djupsjon 636408 150600 06GSV 2b D 74 8
Djupsjon 637054 149492 06FSO 4 E 74 8
Djursbosjon 638123 148981 06FNO 6h D 74 8
Egelgal 636532 148435 06FSO 3g E 74 8 S4
Ekendsegol 637124 151978 06GSV 4d F 73 8 K94
Eksjo 635199 149211 06FSO  0i D 74 8
Ellarebogdl 635800 150770 06GSV 1b E 73 8
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Name Lake number Top. Ek. Area Disch. County Notes Corr. Code

map map class area
Ellaren 635830 150749 06GSV 1b D 73 8
Fantegol 637584 149262 06FNO  5i E 74 8
Filingen 638018 151193 06GNV 6¢c D 73 8 R93
Flaten 636104 149364 06FSO  2i C 74 8
Flaten 638213 151163 06GNV 6¢ D 72 8
Flatsjon 636834 150930 06GSV 3b D 73 8
Fotgolen 637702 149689 06FNO  5j E 74 8
Frogol 635397 151520 06GSV o0od F 74 8 94
Furan 637553 152233 06GNV 5e E 72 8
Faltdammen 637011 149569 06FSO  4j E 74 8
Farggolen 636246 150761 06GSV 2b E 73 8
Fargsjon 636330 150825 06GSV 2b D 73 8
Fargsjon 636985 149486 06FSO  3i E 74 8
Faglegol 634756 151036 05GNV  9c E 74 8 S4
Farmogdlen 637338 149490 06FSO  4i E 74 8 S4 K 84
Forsjo gol 636738 151590 06GSV 3d E 73 8
Forsjon 634836 151280 05GNV 9¢ D 73/74 8
Forsjon 636087 149105 06FSO  2i D 74 8
Forsjon 636904 151593 06GSV 3d D 73 8
Garpen 635870 148914 06FSO 1h E 74 8
Gategal 635022 148293 06FSO o0g E 74 8
Gategol 635117 148578 06FSO  Oh E 74 8
Gatsjon 637514 152096 06GNV 5e D 72 8
Gillen 637733 151609 06GNV 5d D 73 8
Gnétteln 637521 150480 06GNV 5a C 74 8
Gravstensgol 636841 149401 06FSO  3i E 74 8 S4
Grytgol 634891 149109 O5FNO  9i E 74 8 S4
Grytgol 637302 151632 06GSV 4d E 73 8
Girytsjogélen 634931 149447 05FNO  9i E 74 8
Girrytsjon 634891 149473 05FNO  9i D) 74 8
Gyllekulle gol 638067 150978 06GNV 6b E 73 8
Gaddgol 637872 151065 06GNV 5¢c D 73 8
Gaddgolen 634741 150088 05GNV  9a D 74 8
Géaddgolen 637539 152024 06GNV 5e E 72 8
Gardsjon 634988 149216 O5FNO  9i D 74 8
Garssjogolen 637541 152291 06GNV 5e E 72 8
Gapen 634735 148938 O5FNO 9h D 74 8 K85
Godingegol 634985 148834 05FNO 9h E 74 8
Goélebogsl 635800 149654  06FSO 1j E 74 8
Golen 636167 148814 06FSO  2h E 74 8
Golen 637877 149128 06FNO  bi E 74 8
Hagelsgol 637139 150794 06GSV 4b E 74 8
Halmten 637035 150776 06GSV 4b D 74 8
Hareputtegél 636735 148879 06FSO 3h E 74 8
Havregol 635580 149609 06FSO 1j E 74 8
Hedasj6 634543 149310 O5FNO  9i D 74 8
Hemgol 636686 150969 06GSV  3b E 73 8 S4
Hemgdlen 635655 151091 06GSV 1c E 74 8
Hemsjon 638274 150954 06GNV 6b D 73 8
Hesjon 636330 149874 06FSO  2j D 74 8
Hjortesjon 635388 148457 06FSO o0og C 74 8
Hjortgdlen 634759 148611 O5FNO  9h E 74 8
Hjéltan 637045 151591 06GSV  4d E 73 8
Holmsjon 634958 150112 05GNV 9a D 74 8
Holmsjon 635605 150955 06GSV 1b D 74 8
Holmsjon 636703 149444 06FSO  3i D 74 8
Horsgélen 636735 149448 06FSO i E 74 8
Hulingen 636866 150376 06GSYV 3a C 74 8 N2
Hultarpsgol 635838 148749 06FSO 1h E 74 8
Hultemaren 635336 149433 06FSO  0i D 74 8
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Name Lake number Top. Ek. Area Disch. County Notes Corr. Code

map map class area
Hyltasjon 636545 151015 06GSV 3c D 73 8
Hallefors damm 637994 149690 06FNO  5j D) 74 8
Héllegol 634718 150890 05GNV  9b E 74 8 S4
Hallemaren 635303 149823 06FSO 0j D 74 8
Hallerumgoélen 637443 150992 06GSV 4b E 73 8
Hallesjon 637515 151004 06GNV 5b E 73 8
Hasthagsgodlen 637748 150818 06GNV 5b E 73 8 S4
Havegol 635136 150899 06GSV 0Ob E 74 8
Havgdlen 634775 150103 05GNV 9a D 74 8
Igelhultegél 636643 151690 06GSV 3d D 73 8
Igelsjon 637078 149070 06FSO  4i D 74 8
lllern 636541 151446 06GSV 3c C 73 8 N2
Ingebosjon 635132 151419 06GSV 0Oc D 74 8
Ingegol 635557 151429 06GSV 1c E 74 8
Jérnsjon 636472 148783 06FSO 2h D 74 8
Kalvgélen 636763 151335 06GSV 3¢ E 73 8
Kaskegol 638338 149088 06FNO  6i E 74 8
Kavlegol 637937 150496 06GNV ba E 73 8
Klevbergsgol 636621 148236 06FSO 3g E 74 8
Knaplegdlen 637888 151216 06GNV 5¢c E 73 8
Kogdl 635485 151047 06GSV  Oc E 74 8
Koppgélen 637498 152237 06GSV 4e D 72 8
Kringelgdl 636773 151538 06GSV 3d E 73 8
Krokan 636614 149794 06FSO  3j E 74 8
Krokgélen 634679 150181 05GNV 9a D 74 8
Kroksjon 634991 149590 05FNO  9j E 74 8
Kungsgélen 634769 149907 05FNO  9j E 74 8
Kvarnsjogol 635509 149788 06FSO  1j E 74 8
Kvarnsjén 635538 149823 06FSO 1] D) 74 8
Kattgolen 635364 151306 06GSV 0Oc F 74 8 K94
Lagardsgdlen 638265 149608 06FNO 6] E 67 8
Lilla fjarsjon 636643 150931 06GSV 3b D 73 8
Lilla granesjon 635035 148039 06FSO o0g D 74 8 L1 06
Lilla hammarsj6 637257 149908 06FSO  4j D 74 8 R 184
Lilla hjortsjon 636826 149035 06FSO  3i E 74 8
Lilla hjaltan 637008 151611 06GSV 4d E 73 8 K85
Lilla langgol 636804 151510 06GSV 3d E 73 8
Lilla m&sjon 635726 149387 06FSO i E 74 8
Lilla akebosjon 637271 149555 06FSO 4 D 74 8 S4
Lillalen 636045 150693 06GSV 2b E 73 8 K94
Lillegardsgolen 636383 150782 06GSV 2b E 73 8
Lillegol 637858 151468 06GNV 5¢c E 73 8
Lillesjo 635694 150460 06GSV 1a D 74 8
Lillsjon 636774 150525 06GSV  3b D 74 8
Lillsjon 637140 149492 06FSO 4 E 74 8 R92
Lillan 637842 149586 06FNO  5j E 74 8
Linden 637769 149284 06FNO  5i C 74 8 L1 06
Lindesjon 635334 149281 06FSO  0i E 74 8
Ljungsbergsgdl 635475 149291 06FSO  0i E 74 8
Ljusegdl 636981 148946  06FSO 3h E 74 8
Lomgdlen 637020 149680 06FSO  4j E 74 8
Lommegdl 634765 149799 O5FNO  9j E 74 8
Lommegdl 636695 148655 06FSO 3h E 74 8
Lyckegolen 638214 149551 06FNO  6j E 74 8
Lysegol 635027 149107 06FSO  0i E 74 8
Lysegol 635032 148604 06FSO oOh E 74 8
Lysgdl 636604 150071  06GSV 3a E 74 8
Lysgdl 637066 1512564  06GSV 4c D 73 8
Lysgol 637441 151972 06GSV 4d E 73 8
Langgol 635305 151438 06GSV 0c E 74 8
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Name Lake number Top. Ek. Area Disch. County Notes Corr. Code

map map class area
Langlidsgélen 634400 149021 05FNO  8i F 74 8 K94
Langsjon 637159 151272 06GSV 4c D 73 8
Langsjon 637969 150675 06GNV 5b E 73 8
Magergol 634925 148735 05FNO 9h E 74 8
Magergdl 637441 151878 06GSV 4d E 73 8
Magregdl 636346 148926 06FSO 2h E 74 8
Magregdl 636569 149810 06FSO  3j E 74 8
Maren 635091 150305 06GSYV 0a C 74 8
Mellanmaren 635217 149904 06FSO 0j D 74 8
Melsjon 634960 149254 O5FNO  9i E 74 8
Melsjon 636089 149465 06FSO  2i D 74 8
Mistersjo 635109 148676 06FSO oOh D 74 8
Mjosjon 635209 149861 06FSO  0j D 74 8
Modegdl 636927 150220 06GSV 3a E 74 8 S4
Mogél 634987 148669 O5FNO  9h E 74 8
Mogdl 636320 150697 06GSV 2b E 74 8 K94
Mogélen 637924 149776 06FNO  5j E 74 8
Moren 634796 149257 05FNO  9i C 74 8
Mossjon 636956 149185 06FSO  3i D 74 8
Malasjon 637751 149730  06FNO 5f D 74 8
Mardsjo 635664 151250 06GSV 1c D 74 8
Morkgélen 635194 150865 06GSV  0Ob F 74 8 K94
Mortegol 636723 150115 06GSV 3a E 74 8
Mortegol 637835 151524 06GNV 5d D 73 8
Mortsjon 634496 149878 05FNO  8j D) 74 8
Méosjon 636440 150957 06GSV 2b D 73 8
Méosjon 636465 150516 06GSV 2b D 74 8
Méosjon 636907 150983 06GSV 3b D 73 8
Mésjon 636969 150928 06GSV 3a D 73 8 K85
Mésjon 637261 149321 06FSO  4i D 74 8
Narrveten 635910 148373 06FSO 1g C 74 8 L1 06
Nedre svartsjon 636894 148513 06FSO 3h D 74 8
Nedsj6 gol 637673 150188  06GNV 5a E 74 8 S4
Nedsjon 637649 150181 06GNV ba E 74 8 S4
Nerbjérken 637223 1511565 06GSV 4c C 73 8
Njuren 637380 149238 06FSO  4i E 74 8
Norrlangen 636191 150318 06GSV 2a E 74 8
Notgélarna 636750 149746 06FSO  3j E 74 8
Notgélarna 636779 149766 06FSO  3j E 74 8 K85
Najern 636792 152028 06GSV 3e D 73 8 K85
Nasegol 637682 150814 06GNV 5b E 73 8
Oppbjérken 637180 150926 06GSV 4b D 73 8
Oppsijon 636395 148708 06FSO 2h E 74 8
Ormegdl 635789 150726 06GSV 1b E 73 8
Orsgdl 634605 148661 05FNO  9h E 74 8 S4
Orssj6 634652 148596 05FNO 9h E 74 8
Persgol 637286 150722 06GSV 4b E 73 8
Petgolen 638221 151288 06GNV 6¢c E 72 8
Pipegol 634309 149710 O5FNO  §j E 74 8
Porsegol 635286 149966 06FSO 0j E 74 8
Préastnédsagélen 636637 148773 06FSO 3h E 74 8
Pukegdl 635208 149884 06FSO  0j E 74 8
Ragnegol 636719 149702 06FSO  3j E 74 8
Ramsebosjén 635070 148966 06FSO oOh D 74 8
Rensjon 636508 150748 06GSV 3b D 73 8
Risagol 634898 148253 05FNO 9g D 74 8
Ruggegol 635247 151078 06GSV Oc E 74 8
Rummegdl 636171 150953 06GSV 2b E 73 8
Raden 637860 150593 06GNV 5b D 73 8
Rédgol 637863 151167 06GNV 5¢c E 73 8
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Name Lake number Top. Ek. Area Disch. County Notes Corr. Code
map map class area
Rogol 636240 149258 06FSO  2i D 74 8
Régélen 635230 150940 06GSV 0Ob E 74 8
Résjon 636205 151320 06GSV 2¢ D 73 8
Sandgol 637128 151507 06GSV 4d E 73 8
Sandstugugélen 638030 149437 06FNO  6i E 74 8
Sjo6asjo 636015 148535 06FSO 2h E 74 8
Sjokullasjon 634342 149884 05FNO  8§j D 74 8
Skallegol 637286 149150 06FSO  4i F 74 8 K94
Skatsjon 637559 150818 06GNV 5b D 73 8
Skeppsgol 634591 148659 05FNO 9h E 74 8
Sketnesjon 636834 149892 06FSO  3j E 74 8
Skiftingsgol 635880 150833 06GSV 1b E 73 8
Skinnsjén 637056 152231 06GSV 4e E 73 8
Skiren 634550 149165 O05FNO  9i D 74 8
Skiren 635795 148991 06FSO 1h D 74 8
Skrabbgélen 636910 149712 06FSO  3j E 74 8
Skrikegol 638127 150357 06GNV 6a E 74 8
Skriksjon 637405 149367 06FSO  4i D 74 8
Skraplegol 635189 150804 06GSV Ob E 74 8
Skurugol 635688 149224 06FSO  1i E 74 8
Skvalpen 634730 148454 0O5FNO 9g D 74 8
Skélsgol 637251 151307 06GSV 4c E 73 8
Skalsgdlen 634909 149759 O5FNO  9j E 74 8
Skarvgolen 634604 149418 05FNO  9i E 74 8
Smala viksjén 636509 148417 06FSO 39 D 74 8
Snillegol 634547 148787 05FNO 9h E 74 8
Snargol 638354 149607 06FNO  6j E 67 8
Sommarsgélarna 636700 149187 06FSO  3i E 74 8
Spratgol 636699 151525 06GSV 3d E 73 8
St hammarsjo 636850 149669 06FSO  3j C 74 8
Stengélen 636871 150855 06GSV 3b E 73 8
Stensjon 636053 151379 06GSV 2¢ D 73 8
Stensjon 636242 150961 06GSV 2b D 73 8
Stensjon 636511 149667 06FSO  3j D 74 8
Stickmalten 635460 151441 06GSV 0Oc E 74 8
Stockebogdl 636854 149770  06FSO 3j E 74 8
Stora fjarsjon 636746 150839 06GSV 3b D 73 8
Stora granesjon 635144 148040 06FSO o0g D 74 8 L1 06
Stora hjortsjon 636855 149063 06FSO  3i D 74 8
Stora jarnsjén 636847 151145 06GSV 3c D 73 8
Stora langgol 636836 151470 06GSV 3¢ E 73 8
Stora mosjon 635802 149327 06FSO  1i E 74 8
Stora skarsgol 635317 150867 06GSV Ob E 74 8
Stora tranegol 637039 151941 06GSV 4d F 73 8 K94
Stora &jasjén 634558 149095 05FNO  9i D 74 8
Storgol 636684 150081 06GSV 3a E 74 8
Strénglan 637065 149859 06FSO 4 E 74 8
Svartegdl 634956 148695 O5FNO  9h E 74 8
Svartgs| 637019 149817  06FSO 4j E 74 8
Svartgélen 636351 150619 06GSV 2b F 74 8 K94
Svartgélen 637023 148916 06FSO 4h F 74 8 K95
Svinegol 635663 150795 06GSV 1b E 74 8
Sévsjon 635503 149740 06FSO 1j D 74 8
Sévsjon 636395 150847 06GSV  2b D 73 8
Tallangen 635761 151240 06GSV 1c E 74 8
Tallangsgdl 635649 151317 06GSV 1c E 74 8
Tensjo 636309 151016 06GSV 2c¢ D 73 8
Tensjogol 636328 150956 06GSV 2b E 73 8 K94
Tingsgol 638049 150695 06GNV 6b D 73 8
Tinnsj6n 634811 149527 O05FNO  9j D 74 8
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Tinnsjon 635022 149182 06FSO  Oi D 74 8
Togol 637551 151066  06GNV 5¢ E 73 8
Togol 637889 150477 06GNV 5a E 73 8
Togolen 634639 149630 O05FNO 9 E 74 8 S4
Togolen 637925 149505  06FNO 5] E 74 8
Torregol 636667 151560  06GSV 3d F 73 8 K94
Treh6rningen 634799 148335 05FNO 9g D 74 8
Treh6rningen 635344 149727 06FSO 0j D 74 8
Treh6rningen 637409 149538 06FSO  4j E 74 8
Trehormingsgol 635350 149642  06FSO 0j E 74 8
Triasjo 634297 148608  O05FNO 8h D 74 8 R6 90
Tangelsjo 634997 148332 05FNO 99 D 74 8
Tangersjo 637121 151366 06GSV 4c E 73 8
Tangegol 634892 148704 05FNO 9h E 74 8
Uttersjon 636641 150297 06GSV 3a E 74 8
Vena gol 637608 150897  06GNV 5b E 73 8 S4
Vensjon 636742 148800 06FSO 3h C 74 8 L1 06
Ver 637263 151504  06GSV 4d C 73 8
Virserumssjon 635472 148648 06FSO oh C 74 8
Visgélen 635329 150806  06GSV 0Ob E 74 8 S4
Vrangegol 635762 149111 06FSO  1i E 74 8
Vaggol 634713 148153  05FNO 99 E 74 8
Vilen 636734 149771  06FSO 3j D 74 8
Vammes;jo 635629 150550  06GSV 1b D 74 8
Yttre vrdngen 635901 149203 06FSO  1i D 74 8
Yxnasjoén 635420 149524 06FSO 0j D 74 8
Yxnasjoén 635538 149378 06FSO  1i D 74 8
Agal 636522 150009  06GSV 3a E 74 8
Akebosjon 637089 149542  06FSO 4j D 74 8
Alabacksgolen 634607 148839  05FNO 9h F 74 8 K94
Alegol 636919 150062  06GSV 3a E 74 8
Alsjon 637867 151388  06GNV 5¢ E 73 8
Anglegol 635345 149878 06FSO 0j E 74 8
Anglegsl 636003 149085 06FSO 2i D 74 8
Artgélen 635968 150357  06GSV 1a F 74 8 K94
Asegolen 636923 149473  06FSO 3i D 74 8 S4  Ks4
Asittern 636953 151233  06GSV 3¢ D 73 8
Alesjon 637416 150989  06GSV 4b D 73 8
Algsjon 636262 151106  06GSV 2c D 73 8
Algsjon 637010 150254  06GSV 4a D 74 8
Almtegsl 634641 149876  05FNO 9] E 74 8
Almten 634695 149878  O05FNO  9j D 74 8
Alsjsn 635535 150834  06GSV 1b E 74 8
Angagsl 634245 149063 05FNO 8i E 74 8 K94
Asen 635115 149062 06FSO 0i D 74 8
Asgol 634912 148629  05FNO oh E 74 8
Asgolen 636305 150666  06GSV 2b E 74 8 K94
Ashultasjon 635458 149123  06FSO 0i E 74 8
Avjegol 635146 149815 06FSO 0] E 74 8
Avsjo 634924 149231 O5FNO 9i E 74 8
Orsjon 637276 149504 06FSO 4j D 74 8
Ostergol 637584 151690  06GNV 5d E 73 8
Ostingen 636042 151075  06GSV 2c¢ E 73 8 S4
Ovra vrangen 635856 149108  06FSO 1i D 74 8
Ovre mésjon 636972 150924  06GSV 3b D 73 8
Ovre svartsjén 636930 148442 06FSO 39 D 74 8

—— Totalt finns 351 sj6ar i denna lista. ——-
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Map of lakes in Hultsfred community Appendix 3

Hultsfred community - Lake maps

Name Lake number Map Av- Max- Vol. Year Scale Top. Disch. County
number er- depth (Mm3) map area

age (m)

depth

(m)
Almten 634531 148678 3-3429 3.7 8.5 0.243 19860919 1:2100 O05FNO 74 8
Avesjon 634477 1487383 3-3789 5.9 18.0 0.636 19860919 1:2800 O0O5FNO 74 8
Barnegdl 636626 149424 3-3812 1.9 5.0 0.069 19860919 1:1600 06FSO 74 8
Breda viksjon 636587 14817 3-2871 3.9 10.0 0.532 19941101 1:2500 O06FSO 74 8
Bragol 636977 151306 3-3761 2.4 5.0 0.169 19860919 1:3200 06GSV 73 8
Bysjon 635958 149617 3-3813 2.0 5.0 1.690 19860919 1:7000 O06FSO 74 8
Bysjon 637612 151545 3-2870 2.5 6.0 0.592 19941101 1:2500 06GNV 73 8
Djupsjo 634780 150158 3-2862 4.7 16.0 0.863 19941101 1:2500 O5GNV 74 8
Djupsjon 637054 149492 3-2302 4.3 12.0 0.130 19840101 1:1000 06FSO 78 8
Ellaren 635830 150749 3-2869 4.8 14.0 0.818 19941101 1:2500 06GSV 73 8
Flaten 636104 149364 3-3797 3.8 15.0 6.220 19860919 1:14500 06FSO 74 8
Fargsjon 636985 149486 3-2312 4.2 115 0.390 19840101 1:2000 O06FSO 74 8
Farmogdlen 637338 149490 2-0400 3.6 10.0 0.080 19840101 1:1000 O06FSO 74 8
Forsjon 636087 149105 3-3820 4.7 19.0 2.737 19860919 1:8700 O06FSO 74 8
Forsjon 636904 151598 3-37562 4.0 16.5 1.767 19860919 1:6900 06GSV 73 8
Gatsjon 637514 152096 3-2868 3.3 8.0 0.864 19941101 1:2500 O06GNV 72 8
Gillen 637733 151609 3-2867 5.8 17.0 1.707 19941101 1:25600 O06GNV 73 8
Gnotteln 637521 150480 3-2373 1.7 4.0 3.049 1984 1:10000 06GNV 74 8
Gaddgdlen 637539 152024 3-3602 2.3 5.7 0.171 19870213 1:2500 06GNV 72 8
Gapen 634735 148938 3-3787 7.7 26.0 5110 19860919 1:6250 O05FNO 74 8
Hedasjo 634543 149310 3-3810 1.3 3.2 0.145 19840926 1:4300 O0O5FNO 74 8
Hesjon 636330 149874 3-2309 3.2 7.0 1.150 19840101 1:3000 O06FSO 74 8
Hjortesjon 635388 148457 3-2308 4.8 185 12.320 19840101 1:10000 O06FSO 74 8
Holmsjon 636703 149444 3-2306 3.8 10.5 0.620 19840101 1:2500 O06FSO 74 8
Hulingen 636866 150376 3-0750 8.3 1976 1:20000 06GSV 74 8
Hulingen 636866 150376 3-1779 1.7 12.0 11.160 1981 1:20000 06GSV 74 8
Hultemaren 635336 149433 3-3792 6.6 25.0 2.720 19860919 1:3500 O06FSO 74 8
Hyltasjon 636545 151015 3-3763 2.2 9.0 0.626 19860919 1:5700 06GSV 73 8
Hallemaren 635303 149823 3-3797 8.7 245 2.630 19860919 1:7100 06FSO 74 8
Igelsjon 637078 149070 3-2305 1.4 3.0 0.510 19840101 1:4000 O06FSO 74 8
lllern 636541 151446 3-3754 49 26.5 19.639 19860919 1:16000 06GSV 73 8
Ingebosjon 635132 151419 2-0335 2.9 15.0 1.378 19860710 1:5000 06GSV 74 8
Jarnsjon 636472 148783 3-2866 1.4 4.0 0.363 19941101 1:2500 O06FSO 74 8
Kvarnsjon 635538 149823 3-2865 5.1 12.0 0.627 19941101 1:2000 06FSO 74 8
Lilla fjarsjon 636643 150931 3-3755 3.0 9.0 0.363 19860919 1:5700 06GSV 73 8
Lilla granesjon 635035 148039 3-2272 3.2 6.0 0.350 1984 1:2000 O06FSO 74 8
Lilla hammarsj6 637257 149908 3-2310 0.6 1.0 0.570 19840101 1:5000 O06FSO 74 8
Lilla &kebosjon 637271 149555 3-2273 3.0 5.0 0.340 1984 1:2000 06FSO 74 8
Lillesjo 635694 150460 3-3784 3.2 6.5 0.914 19860919 1:4000 06GSV 74 8
Lillsjon 636774 150525 3-2872 2.6 4.0 1.250 19941101 1:5000 06GSV 74 8
Linden 637769 149284 3-2313 7.8 220 27.280 19840101 1:1000 O06FNO 74 8
Lysgol 637066 151254 3-3756 2.8 6.0 0.367 19860919 1:3400 06GSV 73 8
Langsjon 637159 151272 3-3430 3.6 135 0.372 19860919 1:3400 06GSV 73 8
Langsjon 637969 150675 3-3515 2.2 7.0 0.187 19860919 1:2800 06GNV 73 8
Maren 635091 1560305 3-3795 6.7 225 12.920 19860919 1:14500 06GSV 74 8
Mellanmaren 635217 149904 3-3791 11.8 29.0 1.920 19860919 1:4400 O06FSO 74 8
Melsjon 636089 149465 3-3802 1.6 3.0 0.464 19860919 1:4000 O06FSO 74 8
Mistersjo 635109 148676 3-3814 3.3 11.0 0.849 19860919 1:5000 O06FSO 74 8
Moren 634796 149257 3-3785 55 22.0 7.975 19860919 1:1300 O05FNO 74 8
Mdosjon 636907 150983 3-3767 3.7 15.0 0.434 19860919 1:5500 06GSV 73 8
Mdosjon 637261 149321 3-2311 2.6 6.5 0.330 19840101 1:5000 O06FSO 74 8
Narrveten 635910 148373 3-3569 4.5 13.0 5.706 19861008 1:10000 O06FSO 74 8
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Narrveten 635910 148373 3-3818 4.0 125 4.802 19860919 1:8750 06FSO 74 8
Nedre svartsjon 636894 148513 3-2878 3.2 125 0.796 19941101 1:2600 06FSO 74 8
Nerbjarken 637223 151165 3-3758 5.8 21.0 11.918 19860919 1:11500 06GSV 73 8
Né&jern 636792 152028 3-2884 2.2 6.0 1.627 19850918 1:5000 06GSV 73 8
Oppbjarken 637180 150926 3-37569 7.4 220 6.477 19860919 1:7000 06GSV 73 8
Ramsebosjon 635070 148966 3-3433 5.3 145 4262 19860919 1:7000 O06FSO 74 8
Rensjon 636508 150748 3-2880 1.6 2.0 0.248 19941101 1:2500 06GSV 73 8
Raden 637860 150593 3-2877 4.4 12.0 1.926 19941101 1:5000 O06GNV 73 8
Rosjon 636205 151320 3-3760 4.2 13.0 1.095 19860919 1:5600 06GSV 73 8
Skatsjon 637559 150818 3-2879 35 12.0 1.011 19941101 1:2500 O06GNV 73 8
Skiren 634550 149165 3-3788 3.0 8.5 1.883 19860919 1:7000 O5FNO 74 8
Skiren 635795 148991 3-3796 1.4 3.5 0.430 19860919 1:6600 O06FSO 74 8
Skriksjon 637405 149367 3-2297 4.4 16.0 0.850 19840101 1:5000 O06FSO 74 8
St hammarsjo 636850 149669 2-0256 4.9 18.5 6.684 1984 1:5000 O06FSO 74 8
Stensjon 636053 151379 1-0236 2.7 6.2 1.376 19861010 1:5000 06GSV 73 8
Stensjon 636242 150961 3-2882 4.0 20.0 1.289 19941101 1:2500 06GSV 73 8
Stensjon 636511 149667 3-2295 3.1 125 1.220 19840101 1:4000 O06FSO 74 8
Stockebogdl 636854 149770 3-2303 6.8 16.0 0.493 19840101 1:2000 O06FSO 74 8
Stockebogdl 636854 149770 3-3793 6.8 16.0 0.490 19840101 1:2600 O06FSO 74 8
Stora fjarsjon 636746 150839 3-3762 4.1 16.0 0.570 19860919 1:3300 06GSV 73 8
Stora granesjon 635144 148040 3-3726 1.9 5.2 0.221 19870320 1:2500 O06FSO 74 8
Stora jarnsjon 636847 151145 3-3763 3.0 7.0 0.318 19860919 1:5500 06GSV 73 8
Stora Gjasjon 634558 149095 3-3786 2.9 6.0 1.910 19860919 1:5200 O5FNO 74 8
Storgdl 636684 150081 3-2274 2.0 3.5 0.180 1984 1:2000 06GSV 74 8
Savsjon 635503 149740 3-2873 3.7 9.5 0.625 19941101 1:2500 O06FSO 74 8
Savsjon 636395 150847 3-2874 1.2 2.0 0.132 19941101 1:2000 06GSV 73 8
Tensjo 636309 151016 3-2875 3.4 10.0 0.592 19941101 1:2500 06GSV 73 8
Trehdrningen 637409 149538 3-2301 2.9 8.0 0.166 19840101 1:1750 O06FSO 74 8
Triasjo 634297 148608 3-3790 3.2 18.0 2.605 19860919 1:6400 O05FNO 74 8
Tangersjo 637121 151366 3-3431 2.2 8.5 0.221 19860919 1:3500 06GSV 73 8
Vensjon 636742 148800 3-2876 6.3 17.0 6.586 19941101 1:5000 O06FSO 74 8
Ver 637263 151504 3-3764 3.7 11.0 5.653 19860919 1:14300 06GSV 73 8
Virserumssjon 635472 148648 3-2307 5.3 245 9.190 19840101 1:7500 O06FSO 74 8
Vélen 636734 149771 3-2300 3.0 14.0 0.550 19840101 1:2000 O06FSO 74 8
Vammes;jo 635629 150550 3-3821 3.6 8.5 3.382 19860919 1:8200 06GSV 74 8
Yttre vrangen 635901 149203 3-3801 1.5 8.5 0.766 19860919 1:6300 O06FSO 74 8
Yxnasjon 635420 149524 3-3800 3.1 11.0 0.628 19860919 1:7000 06FSO 74 8
Yxnasjon 635538 149378 3-3799 2.3 7.0 0.505 19860919 1:5600 06FSO 74 8
Alesjbn 637416 150989 3-2863 2.2 6.0 0.223 19941101 1:2000 06GSV 73 8
Algsjdn 636262 151106 3-3767 3.6 8.5 0.678 19860919 1:4100 06GSV 73 8
Asen 635115 149062 3-3819 9.5 33.0 8.8563 19860919 1:7000 O06FSO 74 8
Akebosjbn 637089 149542 3-2298 2.3 145 1.200 19840101 1:5000 O06FSO 74 8
Alsji)'n 637867 151388 3-3765 3.7 8.00.332 19860919 1:3300 06GNV 73 8
Anglegbl 636003 149085 3-3817 1.9 4.50.414 19860919 1:4000 06FSO 74 8
Asegélen 636923 149473 3-2864 3.3 6.00.349 19941101 1:2000 O06FSO 74 8
Asattern 636953 151233 3-3766 3.5 15.02.056 19860919 1:13900 06GSV 73 8
Orsjb‘n 637276 149504 3-2299 3.2 14.00.790 19840101 1:2500 O06FSO 74 8
Ovra vrangen 635856 149108 3-3798 2.0 7.01.060 19860919 1:5500 O06FSO 74 8
Ovre mdsjon 636972 150924 3-3768 4.5 15.00.474 19860919 1:6400 06GSV 73 8
Ovre svartsjon 636930 148442 3-2883 2.7 7.00.276 19941101 1:2000 O06FSO 74 8
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