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Summary

The Norwegian Institute for Air Research (NILU) has been asked by Norsk Hydro
Produksjon A.S. to carry out a comparison of recent meteorological measurements
at Hraun in Reydarfjördur with measurements at Mjöeyri in Eskifjördur, in the

eastern part of Iceland, and update the model calculations for a planned aluminium
smelter at Hraun using the meteorological measurements at Hraun.

The dispersion model calculations for the planned aluminium smelter have been

done in order to assess the potential dispersion of sulphur dioxide, fluorides and

PM10 for four production alternatives: 120,000 (ALT. l), 240,000 (ALT. 2),

360,000 (ALT. 3) and 480,000 (ALT. 4) tons of aluminium per year. Calculations
have been done for these four alternatives with a dry scrubber and with both a dry
and a wet scrubber, using the anticipated design values for the smelter emissions.
Finally emissions from the various production alternatives have been calculated
according to The Oslo and Paris Commission (PARCOM) definition of Best
Available Technology (BAT) and its emission guidelines for new prebake lines
built after 1999. The objective of the dispersion calculations has been to assess

whether the relevant air quality guidelines are met.

Recent measurements of wind and temperatures have been carried out by the

meteorological office in Reykjavik at Hraun in Reydarfjördur, between the I May
1998 and the 31 of May 1999. These recent meteorological measurements are

compared with measurements carried out in 1984 in the same atea, but at different
locations. The recent meteorological measurements taken at Hraun have been used

to update the dispersion calculations.

NILU has carried out a statistical evaluation of 10 min. averaged wind
measurements at Hraun in period from May 1998 to May 1999 and compared with
wind measurements at Somastadagerdi measured between December 1982 and

December 1984. The wind measurements carried out at Somastadagerdi are

comparable with the recent wind measurements at Hraun. Both measurement

yearslstations show a strong channelling effect along the east-west oriented valley
axis (ca. AlVo at Hraun and ca. 397o at Somastadagerdi). The average wind speed

for one year was 4.5 m/s at Hraun and 4.1 m/s at Somastadagerdi. The
predominant wind was down valley winds from west (about 24Vo of time at Hraun
and about 20Vo of the time at Somastadagerdi). Onland winds (sea breeze) from
east occurred in about l77o of time at Hraun and about l9Vo of time at

Somastadagerdi, mostly during daytime hours.

The stability measurements carried out at Mjöeyri in Eskifjördur and used in
previous dispersion calculations have overestimated the occuffence of stable

conditions during daytime hours in the summer and unstable conditions during the

winter period. The recent stability measurements carried out at Hraun in
Reydarfjördur seem to give a good description of the stability conditions where

the planned aluminium factory will be built and were used to update the

dispersion calculations.
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An update of the model calculations has been performed for SO, during one year
and for a typical day with high impact of pollution from the smelter at Budareyri.
The model calculations for fluorides during the growing season were also updated,
and new calculations have been carried out for fluorides on a typical day with
poor dispersion conditions. Taking into account the uncertainties in performing
dispersion estimates such as source definition, plume rise, building effects,
dispersion parameters, topography, etc., the following conclusions can be drawn:

The one yeør øverøged S0uconcentration, due to emissions from the planned
smelter, will not exceed the EU air quality guideline (20 pglmz) outside the
smelter industrial area for ALT. lb, ALT. 2b and ALT. 3b with wet scrubber
and for ALT. lb without wet scrubber. ALT. 4b with wet scrubber and ALT.
2b without wet scrubber may exceed the EU guideline up to 0.5 km and 1.0

km west and 0.5 km and 0.9 km east from the smelter, respectively.

a

a Dispersion calculations of gaseous fluorides for the growíng season showed
that the Norwegian air quality guideline for vegetation (0.3 pg/m) might be

exceeded up to about:

. 2km,3.2km,4.5 km and 9.5 km west of the smelter and up to about 1.3

km,2.5 km, 3.5 km and 4.5 km east of the smelter for the PARCOM /BAT
ALT. la, ALT. 2a, AIJT.3a and ALT. 4a, respectively;

. 0.8 km, 1.5 km, 2.0 km and 2.7 kmwest of the smelter and up to about 0.5

km, 1.2 km, 1.5 km and 2.1 km east of the smelter for ALT. lb, ALT. 2b,

ALT. 3b and ALT.4b with wet scrubber, respectively;

. 1 km and 2.1km west of the smelter and up to about 0.8 km and 1.5 km
east of the smelter for ALT. lb and lJ-T. 2b without wet scrubber;
respectively.

o The calculated total fluorides øverage for 6 months exceeded the Norwegian
air quality guideline for human health (10 ¡rg/m) up to 0.4 km, 0.5 km and 0.5
km west and 0.3 km, 0.4 km and 0.4 km east from the smelter buildings for the
PARCOM IBAT ALT. 2a, ALil.3a and ALT.4a, respectively.

o On ø typícal day wíth unføvourable meteorologicøl cond.itions for the
population in Budareyrí ønd with hígh SOz emissions, the Icelandic guideline
(50 ¡rg/m3) may be exceeded up to about 3 km, 5 km, 6,5 km and 7,8 km west
of the smelter for ALT. la, ALT. 2a, Al-i|.3a and AIJT. 4a, respectively. The
Icelandic air quality guideline of 50 ¡rg/m3 for 24 hour SOz concentrations can

be exceeded up to 2Vo of the time. The probability of occuffence of a day with
similarly adverse meteorological and emission conditions is less than0.0037o.

o On a typícal day with unføvourable meteorologícal condítíons for the
populatíon in Budareyri ønd wíth normøl SOz erníssions, the Icelandic
guideline (50 ¡rglm3) may be exceeded up to about 0,5 km, 1,5 km and 2,5 km
west of the smelter for ALT. 2b, ALT.3b and ALT. 4b with wet scrubber,

respectively, and up to about 2 km and 4 km west of the smelter for ALT. lb
and ALT. 2b without wet scrubber, respectively. Only ALT. 2b without wet

NILU OR 4Ol99
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scrubber may reach concentrations around 50 pglm3 at Budareyri's eastern
border. The Icelandic air quality guideline of 50 pg/m3 for 24 hour SO2

concentrations can be exceeded up to 2Vo of the time. The probability of
exceedance of 50 ¡rg/m3 in Budareyri is well under 2Vo.

o On a typicøl tløy wíth high fluoride emíssíons from the smelter and poor
díspersíon condítíons, the Norwegian air quality guideline for human health
(25 ttglrÍ) may be exceeded in a restricted area outside the smelter area for
ALT. 2, N:1. 3 and ALT. 4. The Norwegian air quality guideline for
vegetation (1 pg/m') may be exceeded, in such aday, up to about 2km,3.O
km, 3.5 km and 3.8 km west of the smelter, and up to about 2.3 km,3.5 km,
4.0 km and 4.5 km east of the smelter, for ALT. 1, ALT. 2, ALT.3 and ALT.
4, respectively. The situation with high emissions of fluorides may occur I to
4 times ayear for only a few hours each time.

Particulate matter under 10 pm (PM10) has been assessed for the largest
production alternative in order to identify if emissions of PMl0 would meet the
ambient air quality guidelines for all the alternatives. Calculations were done for
one year and for a typical day with high impact of pollution from the smelter at

Budareyri. These calculations showed that the EU air quality guideline for one
year average of PM10 (20 ¡tglmz) and the EU air quality guideline for 24 hours
average of PM10 (50 ¡rg/mr) will not be exceed by any of the smelter's
alternatives.

NILU OR 4Ol99
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Update of model calculations for a planned
aluminium smelter at Hraun, Iceland

1.. Introduction
The Norwegian Institute for Air Research (NILU) has been asked by Norsk Hydro
Produksjon A.S. to carry out a comparison of recent meteorological measurements

at Hraun, in Reydarfiördur, with measurements at Mjöeyri, in Eskifiördur, in the
eastern part of lceland, and to update the model calculations for a planned
aluminium smelter at Hraun, using the meteorological measurements at Hraun.

The dispersion model calculations for the planned aluminium smelter have been

done in order to assess the potential dispersion of sulphur dioxide and fluoride for
four production alternatives: 120,000 (ALT. l),240,000 (ALT.2),360,000 (ALT.
3) and 480,000 (ALT. 4) tons of aluminium per year. Calculations have been done

for these alternatives with a dry scrubber only, as well as a dry and a wet scrubber.

Finally emissions from the various production altematives have been calculated
according to The Oslo and Paris Commission (PARCOM) definition of Best
Available Technology (BAT) and its emission values for new prebake lines built
after 1999. These guidelines are supposed to be implemented by the various
European countries after the year 2005. The objective of the dispersion
calculations has been to assess whether the relevant air quality guidelines are met.

Particulate matter under 10 pm (PM10) has also been assessed for the largest
production alternative in order to identify if emissions of PM10 would meet the

ambient air quality guidelines for all the alternatives.

Calculations have been done for one year average for SO, and PM10, growing
season (6 months) for fluorides and 24 hours, with unfavourable meteorological
dispersion conditions, for SOr, fluorides and PM10.

The meteorological office in Reykjavik has carried out measurements of wind
speed, wind direction and temperatures in the area for several years. V/ind
measurements have been carried out at Somastadagerdi in 1982-84 at 10 m height
(Sigurdsson and Hjartarson, 1986), and more recently, between May 1998 and

May 1999, at Hraun in Reydarfjördur, at 10 and 36 m heights, using two Gill
U\A)V anemometers. Temperatures along the hillside at heights 3 m and 92 m
above sea level were measured at Mjöeyri at Eskifjördur (Figure 1) between I
November 1983 and 30 November 1984 (Sigurdsson and Hjartarson, 1986).

Recent measurements of temperature were taken at the heights of 3 and 38 m
between May 1998 and May 1999.

NILU OR 4Ol99
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Figure 1: Location of the wind and temperature observations and the planned
aluminium smelter.

The recent meteorological measurements taken at Hraun have been used to update
the dispersion calculations previously done for a planned aluminium smelter at
Hraun.

2. Proposed air quality guidelines

The Icelandic authorities have proposed air quality guidelines for sulphur dioxide
and PM10, while no guidelines exist for fluorides. The proposed Icelandic,
Norwegian and EU air quality guidelines are presented in Tabl¿ 1 below. The
most restrictive guidelines have been used in this study.

Table I: Air quality guidelines for SO, fluorides and PMl} in lceland and
Norway. Unit: ¡tg/mt.

Environmental and Food Agency of lceland (1994)
98-percentile
Not to be exceeded more than 3 times a year
Guideline for total fluorides
Guideline for gaseous fluorides only
To be met 1 January 2010

2)

3)
c\
5)

6)

Period

YearComponent Country 24h 30d 6 months

Sulphur dioxide
Sulphur dioxide
Sulphur dioxide veget.

Sulphur dioxide
Fluorides, health 4)

Fluorides, veget. s)

Fluorides,herbivores 4)

PMlO

PMlO

lceland 1)

Norway
Norway

EU

Norway

Norway

Norway

lceland

EU

50 2)

100 - 150

125 3)

25

1.0

130 2)

50 2)' 6)

0.2 - 0.4

25
40 60

10

0.3

30

20

40
20 6)
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3. Meteorological conditions

Recent measurements of wind and temperatures have been carried out by the
meteorological office in Reykjavik at Hraun in Reydarfjördur, between May 1998
and May 1999. NILU has compared these recent meteorological measurements
with measurements carried out in 1984 in the same area, but at different locations.

3.1 Wind speed and wind direction

NILU has carried out a statistical evaluation of 10 min. averaged wind
measurements at Hraun in the period from May 1998 to lllday 1999 and compared
with wind measurements at Somastadagerdi measured from October 1982 to
October 1984. The wind speed measurements used were carried out at 10 m height
at both sites. The wind direction frequency distribution in twelve 30 degrees
sectors and four wind speed classes for the summer, the winter, the growing
season and for the year, are presented in Figure 2 for Somastadagerdi and in
Figure 3 for Hraun.

The wind roses in figure 2 and figure 3 are very similar. Both measurement years/
stations show a strong channelling effect along the east-west oriented valley axis
(ca. 4l%o at Hraun and ca. 397o at Somastadagerdi). The average wind speed for
one year was 4.5 m/s at Hraun and 4.1 m/s at Somastadagerdi. The predominant
wind was down valley winds from west (about 24Vo of time at Hraun and about
2O7o of the time at Somastadagerdi). Onland winds (sea-breeze) from east

occurred in about lTVo of time at Hraun and about l9%o of time at

Somastadagerdi, mostly during daytime hours.

The highest averaged wind speed in one wind sector occurred during down valley
winds from west-south-west in both stations. At Hraun, west winds with higher
wind speed than 6 m/s occurred ll. %o of time, while at Somastadagerdi such

winds only occurredinT .6Vo of time.

NILU OR 4Ol99
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Fígure 2: Average wind directionfrequency distributíon at Somastadagerdifor
the summer, the winter, the growing season and over the year.
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Figure 3: Average wind directionfrequency dístríbutíon at Hraunfor the summer,

the winter, the growing season and over the year,
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3.2 Stability

The stability classification is divided into four classes of stability: unstable,
neutral, light-stable and stable conditions. The definition of these classes is given
below.

Unstable:
Neutral:
Light-stable:
Stable:

^T 
<-0.8'C

-0.9'c<^T< 0'c
0'c <^T <0.8'c
0.8" c < 

^T

between 38 and 3 m
between 38 and 3 m
between 38 and 3 m
between 38 and 3 m

Measurements at Mjöeyri in Eskifjördur

The meteorological office in Reykjavik has carried out temperature measurements
along the hillside at Mjöeyri in Eskifjördur from 1 December 1982 to
30 November 1984. The temperatures were measured at 3 m, 92 m,260 m and
520 m above sea level (Sigurdsson and Hjartarson, 1986). The temperature
measurements at 92 m started l November 1983. The temperature difference
between 92 m and 3 m above sea level was selected to evaluate the atmospheric
stability in the area, and has been used in the previous dispersion calculations.

The stability distributions for the growing se¿Non and for the year are given in
Figure 4. The Figure shows an occuffence of unstable conditions of 22Vo during
the growing season and of 32,77o during the year, with higher occuffence during
night time hours compared to day time. It also shows a higher occuffence of stable
conditions during day time hours compared to night time. These results do not
reflect an expected occurrence of stability conditions during the day and the
season.

The lowest temperature sensor was placed on the seashore, measuring
temperatures strongly influenced by the sea temperature. This explains the high
occurrence of unstable conditions over the year, due to heating of the lower sensor
by the sea, which on the average was warrner than the air. The high occurrence of
stable conditions during day time hours in the growing season (May-October) can
be explained by heating of the higher sensor by the sun during day time hours and
constant temperature at the sea surface, resulting in stable conditions between the
two heights considered. Simultaneous observations of the temperature in the sea

and in the atmosphere carried out at Torvaldsstadir in the period 1971-80 showed
that the sea on average over the year was 1o C warmer than the air. In the period
from May to September the sea was slightly colder than the air.

The planned smelter will be built 300-500 m from the seashore. The stability
measurements carried out at Mjöeyri and used in the dispersion calculations have

therefore overestimated the occurrence of stable conditions during day time hours
in the summer and unstable conditions during the winter period.

NILU OR 4Ol99
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Figure 4: Stability distribution of four clqsses of stability at Miöeyrifor Íhe
growing season andfor the year.

Measurements at Hrøun ín Reydarftördar

Recent measurements of temperature difference (3 and 38 m) show a common

picture of stability occulrence during the day.

The stability distributions for the growing season and for the year are given in
Figure 5. The Figure shows an occuffence of unstable conditions of 6.870 during

the growing season and of 3,3Vo during the year, which only occufs during

daytime, as expected. Stable conditions occurred in 9.4Vo of the time during the

growing season and of l5,6Vo during the year, mostly during night-time. The

occuffence of stable conditions during the day may be explained by the fact that

Hraun is shaded by the mountains in the south side of the Reydarfjördur during
the whole day in winter and probably some days in spring and autumn. In such

cold days the stable conditions built up during the night are never broken by the

Light Stable:17.1o/o
-_\

-¿ \
Stable: 18.87o

Neutral: 42.0v"

\__-

Unstable: 32JV"

--¿--- \__
Stable: 16.37o

Neutral: 37.4%

a---t ta---

Light Stable: 13.5%
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sun. The figure shows clearly that lighrstable and stable conditions are

predominant during night+ime and that neutral and unstable conditions are

predominant during the day, as expected.

The re-calibration of the temperature sensors in July 1999 show that the

measurements at 3 m height were underestimating temperature by 0.1'C. This
means that the occurrence of stable and light-stable conditions, previously
presented in this report for Hraun, may be slightly overestimated during an

unknown period of the measurements year. Correcting the temperature measured

at 3 m during the whole year with +0.1.C, the stable and light-stable conditions
are reduced by 2,27o and 3,5Vo, respectively, while the neutral and unstable

conditions are increased by 4,57o and I,2Vo, respectively. Due to the uncertainty of
the period when the temperature should be corrected and due to the fact that the

correction will not have a visible impact on the dispersion calculation's results, we

have chosen to use the data without corrections.

t4
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Figure 5: StabíIíty distribution of four classes of stability at Hraunfor the

growing season andfor the year.

NILU OR 4Ol99



5

3.3 Meteorological matrixes for dispersion calculations

The results of the model calculations will be compared with the air quality
guidelines given in Table 1. The averaging period is one year for SO, and 6
months (growing season) for fluorides. The EU guideline for SO, averaged over
one year has been used to compare with the SO, calculated concentrations. The

calculated concentrations of gaseous and total fluorides were compared with the
Norwegian guidelines for vegetation (gaseous fluorides) for the growing season

and with the Norwegian guidelines for health (total fluorides) for 6 months.

The meteorological matrixes for the growing season and for the year are presented

in Table 2. Simultaneous observations of wind and stability at Hraun have been

used to carry out statistical evaluation of a joint frequency distribution of four
wind speed classes, twelve wind sectors and four stability classes.

Table 2: Joint frequency dístribution of stability, wind speed and wind direction

for the growíng season andfor the year.

1

clasE I: UnEÈabIe
Cla€6 II: NeuÈral -0
ClasE IIIr LighC Ebable 0
class IV: Stsable 0

GROWING SEÀSON

Dt
DI
DT
DT

4.0-

-0.8 Gradêr
0.0 Grader
0,9 Grader

Grader

35M
35H
35M
35M

c/
c/
c/

0.0- 2.0 n/E

III IV

2.0- d.0 m/g

f II tII IV III

5.0 m/s

III IV

over 6.0 n/s

fI III Iv Rose
wlnd-
dir. I !I I

30
60
90

120
150
180
2LO
240
210
300
330
360

Calß

0.5
2.9
3.1

0.5
0.2
0.4
r.3
0.5
0.3
0.1
0.1
o-9

0

0
0
0

1
0

0
0

;
4

1
0
t
1

1
1

0.0 0.2 0.2 0.1
0.0 3.9 1.9 0.1
0.3 7.2 1.0 0.0
0.2 1.3 0.2 0.0
0.0 0.2 0.3 0,0
0.0 0.3 0.2 0.0
0.2 0.3 0.1 0.0
0.1 0.8 0.6 0.1

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.5
0.3
0.1
0.0

0.0 0.0 0.0
0.3 2.0 0.3
0.4 0.8 0.3
0.0 0.2 0.3
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.1 0.0
0.3 0.5 1.1
0.8 3.6 5.3
o.3 2.4 2.4
0,0 0.3 0.2
0.0 0.3 0.3

0.0 0.0 0.0 0.0
0.2 2.3 0.8 0.1
2.4 3.0 0.? 0.1
0.:. 0.8 0.5 0.0
0.0 0.2 0.0 0.0
0.1 0.1 0.1 0.0
0.1 0.1 0.1 0.0
0.2 0.5 0.3 0.0
0.3 1.3 1.9 0.5
0.1 1.0 0.8 0.2
0.0 0.5 0.3 0.0
0.0 0.2 0.1 0.0

L1
2l

1

I
20

3

2

0.1 0.9 L.4 0.7
0.1 0.8 0.8 0.2

.4

.4
0.0 0.2 0.1 0.0
0.1 0.s 0.2 0.1

Total O.o 12.g 10.5 6.1 1.1 15.? ?.1 1.4 3.6 10.o 5.6 o'9 2'L Lo'1 10'2 1'0 100'0

Occurence 29.5 t
wÍnd speed 1.1 m/s

Ocçurcnce

.0
m/s

2
13
16

0.0 0.1 0.3 0.2
0.0 2.2 1.8 0.6

529I27
.0m/s

3

24.0 t
8.9 m/s

100 .0 T

over 6.0 m/E2,0- ,t.0 m/s

II ITI IV

4.0- 6'0 m/5

I¡ fII IV

.4
m/s

26
0

CLags
6.8 t

class ll
50.3 t

Clasg III
33.4 t

Class Iv
9.4 t

t

l{ind-
dir. I

O.O- 2.0 m/s

I1 tII IV

YE,AR

T I TT III IV ROAè

60
90

120

180
210
240
210
300
330
360

Caln

0,0 0.3 0.8 0

0.0 1.5 1.4 0

0-0 2.0 0.8 0

0.0
1.1
L,7
0,1
0.1
0.1
0.1
0.8
7.4
3.5
0.9

0.0 0.0
o,2'L.2
o.2 1.4
0.0 0.3
0.0 0.0
0.0 0.0
0.0 0.0
0.1 0.1
0.3 2.8
0.1 2.6
0.0 0.3
0.0 0.3

0.0 0.0 0.1 0.0
o .1 1.4 L.2 0 ,2
L.2 2.3 1.1 0.1
0.1 0.6 0.6 0.0
0.0 0.2 0.2 0.0
0.0 0.1 0.1 0.0
0.1 0,0 0.1 0.0
0,1 0.3 0.4 0.0
0.1 1.1 2,2 0.9
0.1 0.9 1.2 0'4
0.0 0.,r 0.5 0.1
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4. Emission data

The emission data for the four production alternatives for the planned smelter is
provided by Norsk Hydro Produksjon A.S. (Tables 3 to 10). The annual
production of aluminium is assumed to be 120,000 tly for ALT. 1, 240,000 tly for
ALT. 2 and 360,000 tly for ALT. 3 and 480,000 t/y for ALT. 4.

Table 3 presents the emission conditions for all alternatives. The gas temperature
used in the dispersion calculations (10'C) is lower than the real gas temperature
(about 60" C). This leads to conservative concentration calculations for the
alternatives where the use of a dry scrubber only is proposed, especially for SO2,

of which 907o is emitted by stacks.

Table 3: Emission conditíons for aII alternatives.

Stacks Pot-rooms

Height (m) 55 22

Stack diameter (m) 4.5

Pot-room length (m) 1 150

Gas temp. (" C) 10. 30

Gas velocity (m/s) 17.5 1-2

Gas volume (m'/h) 1 000,000 21 000,000
* This gas temperature is lower than the expected one for the alternatives using dry
scrubber only, leading to conservative estimates of the concentrations calculated in this
report.

The emission limits for airborne fluorides, sulphur dioxide and dust / PM10 for a

recently built aluminium smelter in Iceland is as shown in Table 4.

Table 4: Emission limits for new aluminium smelters in lceland.

Emission Annual average

ko/t Al

Short term average

kq/t Al

Total Fluorides 0.6 0.8

Sulphur dioxide 21.0 28.0

PMlO 1.0 1.3

The Environmental and Food Agency of lceland, responsible for the operating
licence for industrial facilities, will decide on the emission requirements for each
plant individually, taking into account location and site specific aspects.

The purpose of the calculations made in this report is to show the possible ground
level concentration for gaseous fluorides, sulphur dioxide and PM10 (¡rg/m') for
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emissions in accordance with the current requirements compared to likely
emissions under normal operational conditions with and without wet scrubber.
Table 5 shows the emission values, which the proposed aluminium smelter should
be able to meet under normal working conditions, used for the calculations of total
and gaseous fluorides averaged over 6 months (growing season). Each alternative
of production of aluminium has three sub-alternatives for emission factors of
fluorides (kg/tonne Al): one with a dry scrubber, one with both a dry and a wet
scrubber and one with an emission factor defined by PARCOM / BAT.

The emissions for the ALT. 3 (360,000 t/y) and ALT. 4 (480,000 t/y) without a

wet scrubber are presented in Tables 5, 6 and 9, but are not taken into account in
the dispersion calculations, since they are not actual alternatives. For these two
production volumes, the smelter would be equipped with a wet scrubber.
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Table 5: Yearly average emission of fluorides for the four production
alternatives.

* 0,5 pot-room is a pot-room with half of the length and gas volume of one pot-room defined in
Table 3.

Smelter
Alternatives

Annual Al
Production

(t Al/v)

Source of
emission

factor

Weþ
-scrubber

Fluoride emissions
Total Gaseous

(kq/t Al) (t /v) (ko/t Al) (t /v)

ALT. 1a 120,000 PARCOM /
BAT

0.6 72 0.36 43.2

ALT. 1b 120,000 HYDRO with 0.25 30 0.15 18.0

ALT. 1b 120.000 HYDRO Without 0.35 42 o.21 25.2

ALT.2a 240,000 PARCOM /
BAT

0.6 144 0.36 86.4

ALT.2b 240,000 HYDRO with 0.25 60 0.15 36.0

ALT.2b 240,000 HYDRO Without 0.35 84 0.2'l 50.4

ALT.3a 360,000 PARCOM /
BAT

0.6 216 0.36 129.6

ALT.3b 360.000 HYDRO with 0.25 90 0.15 54.0

ALT.3b 360,000 HYDRO Without 0.35 126 0.21 75.6

ALT.4a 480,000 PARCOM /
BAT

0.6 288 0.36 172.8

ALT.4b 480,000 HYDRO W¡th 0.25 120 0.15 72.0

ALT.4b 480.000 HYDRO Without 0.35 168 0.21 100.8

Smelter
Alternatives

Annual Al
Production

(t A/v)

Source of
emission

factor

wet-
scrubbe

r

1 stack
emission

(s/s)

1 pot-room
emission

(s/s)

Number of
Stack Pot-

rooms

ALT. 1a 120,000 PARCOM /
BAT

0.150 2.70 1 0.5"

ALT. 1b 120,000 HYDRO wirh 0.063 1.13 1 0.5"

ALT. 1b 120.000 HYDRO Without 0.088 1.58 1 0.5*

ALT.2a 240,000 PARCOM /
BAT

0.150 2.70 2 1

ALT.2b 240,000 HYDRO with 0.063 1.13 2 1

ALT.2b 240.000 HYDRO Without 0.088 1.58 2 1

ALT.3a 360,000 PARCOM /
BAT

0.150 2.70 3 1.5*

ALT.3b 360,000 HYDRO wirh 0.063 1.13 3 1.5*

ALT.3b 360.000 HYDRO Without 0.088 1.58 3 1.5*

ALT.4a 480,000 PARCOM /
BAT

0.150 2.70 4 2

ALT.4b 480,000 HYDRO W¡th 0.063 1.13 4 2

ALT.4b 480,000 HYDRO Without 0.088 1.58 4 2
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Table 6 presents the emission values used for the calculations of SO2 averaged

over one year. Each alternative of production of aluminium has two sub-

alternatives for emission factors of SOz (kg SOz /tonne Al), one with a dry
scrubber, one with both a dry and a wet scrubber.

Table 6: Yearly average emission of Sorfor the four production alternatives
wíth or without wet scrubber.

* (Acid News, 1997)

Smelter
Alternatives

Annual Al
production

(t A/y)

so¡
scrubber

1 stack
emission

(g/s)

1 pot-room
emission

(g/s)

Number of
Stacks Pot-

room
s

ALT. 1b 120,000 wirh 24.75 5.5 1 0.5*

Without 78.75 17.5 1 0.5*

ALT.2b 240,000 with 24.75 5.5 2 1

Without 78.75 '17.5 2 1

ALT.3b 360,000 with 24.75 5.5 3 1.5*

Without 78.75 17.5 3 1.5*

ALT.4b 480,000 with 24.75 5.5 4 2

Without 78.75 17.5 4 2
* 0,5 pot-room is a pot-room with half of the length and gas volume of one pot-room defined in
Table 3.

Table 7 presents the emission values of PM10 averaged over one year. The

emission factors for PM10 correspond to l07o of the emission factors for total
dust provided by Norsk Hydro, since, following Norsk Hydro, only l0%o of the

dust emissions are under 10 ¡rm (corresponding to PM10). Each alternative of
production of aluminium has three sub-alternatives for emission factors of PM10

Smelter
Alternatives

Annual Al
Production

(t AYy)

Wet
scrubber

SO, emission

(kg/t Al) (t /v) % of national
emissions in 1995.

ALT. 1b 120,000 with 6.6 792 3.3

Without 21.O 2520 10.5

ALT.2b 240,000 with 6.6 1 584 6.6

Without 21.0 5040 21.0

ALT.3b 360,000 W¡th 6.6 2376 9.9

Without 21.O 7560 31.5

ALT.4b 480,000 with 6.6 31 68 13.2

Without 21.0 1 0080 42
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(kg/tonne Al): one with a dry scrubber, one with both a dry and a wet scrubber and
one with an emission factor defined by PARCOM / BAT.

Table 7: Yearly average emission of PMI} for the four production alternatives

Smelter
Alternatives

Annual Al
Production

(t Al/y)

Source of
emission

factor

Wet-
scrubbe

r

PM10 emissions

(kq/t Al) (t /v)

ALT. 1a 120.000 PARCOM / BAT 0.100 12

ALT. 1b 120.000 HYDRO W¡th 0.075 I
ALT. 1b 120,000 HYDRO Without 0.061 7

ALT.2a 240.000 PARCOM / BAT 0.100 24

ALT.2b 240.000 HYDRO wirh 0.075 18

ALT.2b 240,000 HYDRO Without 0.061 15

ALT.3a 360,000 PARCOM / BAT 0.100 36

ALT.3b 360.000 HYDRO with 0.075 27

ALT.3b 360.000 HYDRO Without 0.061 22

ALT.4a 480,000 PARCOM / BAT 0.100 48

ALT.4b 480.000 HYDRO wirh 0.075 36

ALT.4b 480,000 HYDRO Without 0.061 29

x 0,5 pot-room is a pot-room with half of the length and gas volume of one pot-room defined in
Table 3.

Smelter
Alternatives

Annual Al
Production

(t Al/v)

Source of
emission

factor

wet-
scrubbe

I

1 stack
emission

(q/s)

1 pot-room
emission

(s/s)

Number of
Stack

s
Pot-

rooms

ALT. 1a 120,000 PARCOM /
BAT

o.042 0.750 1 0.5*

ALT.1b 120.000 HYDRO with 0.031 0.563 1 0.5"

ALT. 1b 120,000 HYDRO Without 0.025 0.458 1 0.5*

ALT.2a 240,000 PARCOM /
BAT

0.042 0.750 2 1

ALT.2b 240.000 HYDRO with 0.031 0.563 2 1

ALT.2b 240,000 HYDRO Without 0.025 0.458 2 1

ALT.3a 360,000 PARCOM /
BAT

o.042 0.750 3 1.5*

ALT.3b 360.000 HYDRO with 0.031 0.563 3 1.5*

ALT.3b 360.000 HYDRO Without 0.025 0.458 3 1.5*

ALT.4a 480,000 PARCOM /
BAT

o.042 0.750 4 2

ALT.4b 480.000 HYDRO W¡th 0.031 0.563 4 2

ALT.4b 480,000 HYDRO Without 0.025 0.458 4 2

NILU OR 4Ol99



2t

Table 8, 9 and 10 present the emission values of fluorides, SO, and PM10,
respectively, for 24 hours average.

Table 8: Emission data of fluorides on a day with high emissions for the four
production alternatives and on a day with normal emissions for
120,000 t AW ØLT.IU) without wet scrubber. Allfor a døy with poor
disp ersion conditions.

Smelter
Alternatives

Annual Al
production

(t Al/y)

Type of
emissions

Fluoride emissions
Total Gaseous

(ks/t
At)

(t /y) (kg/t Al) (t /y)

ALT.1 120,000 Hioh 0.80 96 0.48 58

ALT.2 240,000 Hioh 0.65 156 0.39 94

ALT.3 360.000 Hiqh 0.s3 191 0.318 114

ALT.4 480,000 Hiqh o.475 228 0.285 137

ALT. lb 120.000 Normal 0.35 228 0.285 137

Table 9: Emission data of SO, on a day with normal emissions with or without
wet scrubber (ALT. #b) and on a day with high emissions (ALT. #a), for
thefour production alternatíves. AIlfor a day wíth stationary winds

from east.

Smelter
Alternatives

Annual Al
Production

(t Al/v)

Type of
emissions

Wet
scrubber

SO, emission

(ko/t Al) (t /v)

ALT. 1a 120,000 Hiqh 28.0 3360

ALT. lb 120,000 Normal W¡th 6.6 792

Normal Without 21.O 2520

ALT.2a 240.000 Hioh 28.0 6720

ALT.2b 240,000 Normal wirh 6.6 1 584

Normal Without 21.0 5040

ALT.3a 360.000 Hioh 28.0 10080

ALT.3b 360,000 Normal W¡th 6.6 2376

Normal Without 21.0 7560

ALT.4a 480,000 Hioh 28.0 13440

ALT.4b 480,000 Normal wirh 6.6 31 68

Normal Without 21.0 10080
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Table 10: Emission data of PMI0 on a day with high emissions for thefour
production alternatives and with stationary winds from east.

Smelter
Alternatives

Annual Al
production

(t A/y)

Type of
emissions

PM10 emissions

(kq/t Al) (t /v)

ALT. 1 120.000 Hioh 0.13 16

ALT.2 240,000 Hiqh 0.13 31

ALT.3 360,000 Hiqh 0.13 47

ALT.4 480.000 Hiqh 0.13 62

5. Model calculations of long term average concentrations

NILU's dispersion model, CONDEP, was used to calculate long term average

concentrations of SO, (one year) and of fluorides (growing season). The program
CONDEP calculates long term average concentrations in a given grid for twelve
30o sectors (Bghler, 1987). The input consists of source and emission data and a
joint frequency matrix of meteorological variables. The program takes into
account effects of stack downwash, building turbulence, wind profiles, deposition,
topography and penetration through an elevated stable layer. The CONDEP
model, as most Gaussian plume models, is a conservative model, i.e. it has a
higher probability of overestimating concentrations than of underestimating them.
The emission data, given in Tables 3, 5 and 6 and the meteorological matrix,
given in Table 2, have been used as input to the long-term average dispersion
calculations.

5.1 Sulphur dioxide

The long term average calculations of SO, concentrations have been carried out
for one year of available meteorological data and compared with the EU guideline
for one year. The results of the calculations are given in Figure 6, 8, 10 and 11 for
ALT. lb,2b,3b and 4b with wet scrubber, respectively, and in Figure 7 and 9 for
ALT. lb and 2b without wet scrubber, respectively.
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Figure 6: Annual øverage SO2 concentrations (pg/*') due to emissions from
ALT. lb (120,000 t AW) withwet scrubber.

Figure 7: Annual average SO2 concentrations (pg/mt) due to emissions from
ALT. Ib (120,000 t AUy) without wet suubber.
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Figure 8: Annual average SO2 concentrations (pS/*') due to emissions from
ALT.2b (240,000 t AUy) withwet suubber.

Figure 9: Annual average SO2 concentrations (pg/rnt) due to emissions from
ALT. 2b (240,000 t AUy) without wet suubber.
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Figure l0: Annual average SO2 concentrations (p7/*t) due to emissions from
ALT. 3b (360,000 t AUy) withwet suubber.

Figure I I Annual olerage SO2 concentrations (pg/*t ) due to emissions from
ALT. 4b (480,000 t Al/y) withwet suubber.
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The annual average dispersion calculations reflect the channelling of the wind
along the valley axis. The area of higher impact occurred close to the smelter due
to the low sources (pot-rooms) and the building influence on the emissions. The
EU air quality guideline for one year average of sulphur dioxide (20 pg/m:) will
not be exceeded outside the smelter industrial area for ALT. lb, ALT. 2b and
ALT. 3b with wet scrubber and for ALT. lb without wet scrubber. ALT. 4b with
wet scrubber and ALT. 2b without wet scrubber may exceed the EU guideline up
to 0.5 km and 1.0 km west and 0.5 km and 0.9 km east from the smelter,
respectively.

5.2 Gaseous fluorides

The Norwegian air quality guidelines for vegetation and human health, for
6 month average concentration, have been used in this study (Table 1). The
dispersion calculations were carried out for the growing season (from May to
October) to be compared to the Norwegian guideline of total fluorides (human

health) and gaseous fluorides (vegetation). In this report it is assumed that 60Vo of
the total fluorides are in the gas phase.

The results of the model calculations of gaseous fluorides for the growing season

are given in Fig. 12, 15, 18 and 20 for ALT. la, ALT. 2a, AI-]I. 3a and AIiT. 4a,

respectively. They reflect the smelter operation at the PARCOM's guidelines for
new aluminium smelters. Fig. 13,16,19 and 21 show the model results for ALT.
1b, ALT. 2b, AI:1.3b and ALT. 4b with wet scrubber, respectively, and Fig. 14

and 17 show the results for ALT. lb and ALT. 2b without wet scrubber,

respectively. These alternatives reflect the expected design values for the new
smelter. The real operating values could be lower than these, according to Norsk
Hydro.

The Norwegian air quality guideline for human health, for 6 month average of
total fluorides is 10 pglm'. This corresponds to 6 pglm' of gaseous fluorides,
assuming 60Vo of fluorides in the gas phase. Only gaseous fluorides are presented

in the figures.

The figures show that the Norwegian air quality guideline for human health (10

ILgtnf , corresponding to 6 þgl^t in the figures) was exceeded up to 0.4 km, 0.5

km and 0.5 km west and 0.3 km, 0.4 km and 0.4 km east from the smelter
buildings, for ALT. 2a, AUl.3a and ALT. 4a respectively.

The dispersion calculations for gaseous fluorides in the growing season show a

concentration distribution along the east-west oriented valley axis, due to high
occurrence of onland winds (from west and west-north-west) and inland winds
(east) during this season. The uptake of fluorides in vegetation is very complex
and dependent on different parameters such as precipitation, duration of daylight,
relative humidity, insulation, temperature and the type of vegetation. Taking into
account the above mentioned uncertainties, the emission of fluorides might lead to
exceeding of the Norwegian air quality guideline for vegetation out to about:
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2km,3.2km,4.5 km and 9.5 km west of the smelter and up to about 1.3 km,
2.5 km,3.5 km and 4.5 km east of the smelter for ALT. la, ALT. 2a, ALT. 3a
and ALT. 4a, respectively;

0.8 km, 1.5 km, 2.0 km and 2.7 km west of the smelter and up to about 0.5
km, 1.2 km, 1.5 km and 2.lkm east of the smelter for ALT. lb, ALT.2b,
ALT. 3b and ALT. 4b with wet scrubber, respectively;

1 km and 2.1 km west of the smelter and up to about 0.8 km and 1.5 km east
of the smelter for ALT. lb and ALT. 2b without wet scrubber, respectively.

Figure 12: Long term average ground level concentrations of gaseous fluorides
(pg/m') for the growing season due to emissíonfrom ALT. la (120,000
t Alþ using PARCOM) for the aluminíum smelter.
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Figure 13: Long term average ground level concentrations of gaseous fluorides
ûtg/m') for the growing season due to emission from ALT. Ib ( 120,000
t AW) withwet scrubberfor the aluminium smelter.

Figure 14: Long term average ground level concentrations of gaseous fluorides
|t7/d) for the growing season due to emissionfrom ALT. Ib (120,000

t Al/y) without wet scrubberfor the aluminium smelter.
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Figure 15: Long term avera.ge ground level concentrations of gaseous fluorides
(pg/m')for the growing season due to emissionfrom ALT. 2a (240,000

t Alþ using PARCOM) for the aluminium smelter.

Figure 16: Long term average ground level concentrations of gaseous fluorides
(pg/mt ) for the growing season due to emission from ALT. 2b (240,000

t AW) withwet scrubberfor the aluminíum smelter.
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Fígure 17: Long terÍn average ground level concentrations of gaseous fluorides
(¡tg/m') for the growing season due to emissionfrom ALT. 2b (240,000

t AUy) without wet scrubberfor the aluminium smelter.

Figure 18: Long term average ground level concentrations of gaseous fluorides
(pg/m') for the growing season due to emissionfrom ALT. 3a (360,000
t Al/y using PARCOM) for the aluminium smelter.
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Figure 19: Long ternn avera.ge ground level concentrøtions of gaseous fluorides
(pg/mt ) for the growing season due to emission from ALT. 3b (360,000
t AUy) with wet scrubber for the aluminium smelter.

Figure 20: Long term average ground level concentrations of gaseous fluorides
@S/d) for the growíng season due to emissionfrom ALT. 4a (480,000
t AUy using PARCOM)for the aluminíum smelter.
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Figure 21: Long term average ground level concentratíons of gaseous fl.uorides
(pg/m') for the growing season due to emission from ALT. 4b (480,000

t AUy) withwet scrubberfor the aluminium smelter.

6. Typical day with high impact of the smelter's emissions

6.1 Sulphur dioxide

The day chosen to calculate maximum 24 hours average concentrations of SO2

was 15 June 1984. This day was selected as a typical day with meteorological
conditions that can cause a high impact of the pollution from the smelter at

Budareyri (about 6 km west of the smelter), as Bøhler (1990) has used in a similar
study. During this day the wind was blowing stationary from the smelter in the
direction of Budareyri during 75Vo of the time. The pollution from the smelter that
reaches Budareyri is blown further west into the valley. Since the Icelandic and

EU air quality guidelines for SO2 refer to human health, it is important to see the
impact of the pollution from the smelter at a populated area. The meteorological
matrix for this day, based upon eight observations, is given in Table 11.

SO2 emissions representative of a day with high emissions, due to f.ex.
maintenance on the Gas Treatment Centre,
were used in the dispersion calculations for ALT. la, ALT. 2a, N-il.3a and ALT.
4a. The 24 hours average concentrations of SO2 on such a day with unfavourable
meteorological conditions for the population in Budareyri were also calculated for
normal emissions, for all the volume production alternatives (ALT. lb, ALT. 2b,
ALT. 3b and ALT. 4b), with or without wet scrubber. The emission values are

presented in table 9.
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The Icelandic air quality guidelines of sulphur dioxide include a 24 hours average
value (50 ¡rglm3) to be considered as a 98-percentile limit, i.e. it can be exceeded
up to 27o of the time during one year (about 7 days a year).

Table 1 1: Joint frequency matrix of wind speed, wind direction and stability for
the 15 of June 1984.

The model calculations of 24 hours average of SOz concentrations on a day with
unfavourable meteorological conditions for the population in Budareyri and with
high emissions are presented in Figures 22, 23, 24 and 25, for ALT. la, Al-il. 2a,

ALT. 3a and AlJ. 4a, respectively. Exceedance of the 24 hours average limit of
50 ¡"rglm3 may occur up to about 3 km, 5 km, 6,5 km and 7,8 km west of the

smelter for ALT. la, ALT. 2a, Al-if .3a and AI-i[.4a, respectively. The probability
of occurrence of a day with similar meteorological conditions (about O.37o) and

the probability of occuffence of similar high emissions (less than l7o) is close to
zero (less than 0.0037o). This scenario will therefor never exceed the 24 hours

average limit of 50 pglm3 more than 2Vo of the time, which corresponds to the
Icelandic guideline.
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Fígure 22: 24 hours average SO2 concentrations, due to high emissions from ALT.
la (120,000 t Al/y), on a day with stationary windsfrom east.

Figure 23: 24 hours average SO, concentrations, due to high emissions from ALT.
2a (240,000 t Aþ| on a day with stationary windsfrom east.
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Figure 24: 24 hours average SO, concentrations, due to high emissions from ALT.
3a (360,000 t AI/y), on a day with stationary winds from east.

Figure 25: 24 hours alerage SO, concentrations, due to high emissions from ALT,
4a. (480,000 t AI/y), on a day with stationary winds from east.

The model calculations of 24 hours average of SOz concentrations on a day with
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normal emissions are presented in Figures 26,28,30 and 31, for ALT. lb, ALT.
2b, AIT. 3b and ALT. 4b with wet scrubber, respectively. Figures 27 and 29
present similar model calculations for ALT. lb and lJ-T.2b without wet scrubber,
respectively. Exceedance of the 24 hours average limit of 50 ¡rg/m3 may occur up
to about 0,5 km, 1,5 km and 2,5 km west of the smelter for ALT. 2b, Al:1.3b and
ALT. 4b with wet scrubber, respectively, and up to about2km and 4 km west of
the smelter for ALT. lb and ALT. 2b without wet scrubber, respectively. Only
lJ,T. 2b without wet scrubber may reach concentrations around 50 pg/m3 at
Budareyri' s eastern border.

The probability of occuffence of a day with similar meteorological and emission
conditions is about 0.37o, which is well under the maximum 27o of the time
allowed, by the Icelandic guideline, to exceed 50 ¡rg/m3. Never the less, in days

with poor dispersion conditions, stationary winds and with SO2 emissions from a

smelter greater than 120 000 t Al/y, ambient air concentrations may still exceed 50

Vglm3, but most probably in a considerably more restricted area than the one
shown in the figures. In any case the probability of exceedance of 50 ¡rg/m3 in
Budareyri is very small and well under 2Vo for all the considered alternatives.

Figure 26: 24 hours average SO2 concentrations, due to normal emissions from
ALT. lb (120,000 t Al/y) withwet-scrubber, on a døy with stationary
winds from east.
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Figure 27: 24 hours average SO2 concentrations, due to normal emissions from
ALT. Ib (120,000 t AUy) without wet-scrubber, on a day with
stationary winds from east.

Figure 28: 24 hours average SO2 concentrations, due to normal emissions from
ALT. 2b (240,000 t AW) withwet-suubber, on a day with stationary
wínds from east.
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Figure 29: 24 hours average SO2 concentrations, due to noftnal emissions from
ALT. 2b (240,000 t AUy) without wet-scrubber, on a day with
stationary winds from east.

Figure 30: 24 hours average SO2 concentrations, due to normal emissions from
ALT. 3b (360,000 t AW) withwet-scrubber, on a day with stationary
winds from east.
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Figure 3I: 24 hours average SO2 concentrations, due to normal emissions from
ALT. 4b (480,000 t AUy) withwet-scrubber, on a day with stationary
winds from east.

6.2 Gaseous fluorides

The day chosen to calculate maximum 24 hours average concentrations of
fluorides was 13 of November 1998. This day was selected as a typical day with
poor dispersion conditions, causing high concentrations in the area around the
smelter. During this day, light-stable conditions occurred in 92%o of the time and

stable conditions occurred in 8Vo of the time. The main wind directions were from
east (54Vo) and west and west-north-west (257o). Since the most restrictive
Norwegian air quality guideline for fluorides refers to vegetation, it is important to
see the impact of the pollution from the smelter on the vegetation around the
plant. Such an impact is highest in a day with poor dispersion conditions. The

meteorological matrix for this day, based upon 24 observations, is given in
Table 12.

The fluoride emissions used in the calculations of 24 hours average of fluorides
are representative of a day with high emissions due, for instance, to maintenance
on the Gas Treatment Centres, for the four production alternatives. These

emissions are presented in table 8. In addition, a similar calculation was done for
ALT.lb without wet scrubber in a day with normal emissions (emission values in
Table 8).
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Table 12: Joint frequency matrix of wind speed, wind direction and stability for
the 13 of November 1998.

Class I: Unst,ab1e
Class II: Neut,ral
Class III: Light stabl-e
Class IV: Stable

Calm: U less or equal 0.3 m/s

2.0- 4.0 m/s 4.0- 6.0 m,/s

I II ITI IV I II III IV

0.8
0.0
0.8

DT
DT
DT
DT

< -0.
< 0.
< 0.

I
0

I

5M
5M
5M

5M

Grader
Grader
Grader
Grader

c/3
c/3
c/3
c/3

0.0- 2.0 m,/s

I IIT IV

over 6.0 m,/s

T IÏ III IV
l,lind-
dir. IT Rose

30
60
90

L20
r.5 0

180
2t0
240
270
300
330
360

CaIm

0.0
0.0
'ò .0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0 0..0
0.0 0.0

0.0 0.00.0 0.0
0.0 0.00.0 0.0
0.0 41-70.0 0.0
0.0 4-20.0 0.0
0.0 0.0
0.0 0.0
0.0 0.00.0 0.0
0.0 0.00.0 0.0
0.0 0.00.0 0.0
0.0 0.00 .0 8.3
0.0 0.0
0.0 0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
8.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
8.3

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
4.2
0.0
0.0
0.0

4.2
0.0

0.0
0.0
0.0
0.0
0.0
4.2
4.2
0.0
4.2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
4.2
0.0
0.0
0.0
0.0

2

0

2
¿

0

0

0

0

6

5

0

5

0

0

54
4
0

0

0

0

L2
L¿

0

I2
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0 0.0
0.0 0.0
0.0 0.0

Total 0.0 0.0 8.3 4,2 0.0 0.0 2l-.0 4.2 0.0 0.0 16.6 0.0 0.0 0.0 45.9 0.0 100.0

Occurence
Wind speed

L2.S +

1.7 m,/s

a*
.9 m/s

16.6 *
5.3 m/s

45.9 +

7.5 m/s

100.0 t

25
2

Occurence

Frequency of occurence of the stability classes

Class I Class II C1ass III Class IV

0.0 * 0.0 t 91.8 t 8.2 t

The results of the model calculations for 24 hours average fluoride concentrations

are presented in Figur es 32, 33, 34 and 35, for ALT. 1 , ALT. 2, Al:L 3 and ALT.
4 in a day with high emissions, respectively, and in Fig. 36 for ALT.lb without
wet scrubber, in a day with normal emissions. The Norwegian air quality

guideline for human health, for 24 hours average of total fluorides is 25 ¡tglrrf .

This corresponds to 15 pglm' of gaseous fluorides, assuming 60Vo of fluorides in

the gas phase. Only gaseous fluorides are presented in the figures.

Figures 32 to 35 show that the Norwegian air quality guideline for human health

(25 ¡tg/m3, coresponding to 15 ¡rglm3 in the figures) may be exceeded in a

restricted area outside the smelter area for ALT. 2, N-T.3 and ALT. 4. The

Norwegian air quality guideline for vegetation (1 pglm') may be exceeded up to
about 2 km,3.0 km, 3.5 km and 3.8 km west of the smelter, and up to about 2.3

km, 3.5 km, 4.0 km and 4.5 km east of the smelter, for ALT. 1, ALT. 2, N:I.3
and ALT. 4, respectively.
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Figure 32: 24 hours average of gaseous fluorides concentrations, due to high
emissions from ALT. I (120,000 t AI/y), on a day with poor dispersion
conditíons.

Figure 33: 24 hours average of gaseous fluorides concentrations, due to high
emissions from ALT. 2 (240,000 t Al/y), on a day with poor dispersion
conditions.

5

N
A

I

30
1

r.-..--
012km

NILU OR 4Ol99



42

Figure 34: 24 hours alerage of gaseous fluorides concentrations, due to high
emissions from ALT. 3 (360,000 t AW), on a day with poor dispersion
conditions.

Figure 35: 24 hours average of gaseous fluorides concentrations, due to high
emissions from ALT. 4 (480,000 t AUy), on a day with poor dispersion
conditions.
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Figure 36 shows that the Norwegian air quality guideline for human health (25

ltglmt, corresponding to 15 pglm'in the figure) will not be exceed for normal
emissions from ALT. lb without wet scrubber. The Norwegian air quality
guideline for vegetation (1 pglm') may be exceeded up to about I km west of the
smelter and up to about 1 km east of the smelter.

Figure 36: 24 hours average of gaseous fluorides concentrations, due to normal
emissions from ALT. Ib (120,000 t AIfi) without wet scrubber, on ct

day with poor dispersion conditions.

7. Model calculations for PM10

7.1 Long term average concentration

The long term average calculation of PM10 concentrations has been carried out
for the largest production alternative (ALT. 4a), in order to identify if emissions of
PM10 would meet the ambient air quality guidelines for all the alternatives. The
emission data is given in Tables 3 and 7. One year of available meteorological
data was used (Table 2) and the result was compared with the EU guideline for
one year.
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The result of the calculation for ALT. 4a is given in Figure 37.
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Figure 37: Annual average PM10 concentrations (¡tg/nf ) due to emissions from
the alternative with highest PM10 emissions (ALT. 4a with 480,000 t
AUY)'

The figure shows that the highest PM10 concentration for the alternative with
highest PM10 emissions (ALT. 4a) is well under the EU air quality guideline for
one year average of PM10 (20 ¡rg/m:). From this result it can be concluded that all
the other emission alternatives for PM10, presented in Table 7, will not exceed the
referred EU air quality guideline.

7.2 Typical day with high impact of the smelter's emissions

The day chosen to calculate a maximum 24 hours average concentration of PM10
was 15 June 1984, as for SO2, in order to see the impact of the pollution from the

smelter at the closest populated area, Budareyri. The result is compared to the EU
air quality guideline for human health for 24 hours average PM10.

The 24 hours average calculation of PM10 has been carried out for the largest
production alternative (ALT. 4). The objective was to identify if high emissions of
PM10, in a typical day with high impact of the pollution from the smelter at

Budareyri, would meet the ambient air quality guidelines for all the alternatives.
The emission data for a day with high emissions, due to for instance maintenance
on the Gas Treatment Centres, is given in Table 10.

The result of the calculation for ALT. 4 is given in Figure 38
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Figure 38: 24 hours average PM10 concentrations, due to emissions from the

alternative with highest PM10 emissions (ALT. 4 with 480,000 t AUy)

for the planned aluminium smelter, on a day with stationary winds

from east.

The figure shows that the calculated PM10 concentration for the alternative with
highest PM10 emissions (ALT. 4) is well under the EU air quality guideline for 24
hours average of PM10 (50 ¡rg/m:). From this result it can be concluded that all
the other emission alternatives for PM10, presented in Table 10, will not exceed

the referred EU air quality guideline.

8. Conclusions

The Norwegian Institute for Air Research (NILU) has carried out a comparison of
recent meteorological measurements at Hraun in Reydarfjördur with earlier
measurements at Sómastadagerdi in Reydarfjördur and at Mjöeyri in Eskifjördur,
in the eastern part of Iceland, and has updated the model calculations for a planned
aluminium smelter at Hraun using the meteorological measurements at Hraun.

The dispersion model calculations for the planned aluminium smelter have been

done in order to assess the potential dispersion of sulphur dioxide, fluorides and

PM10 for four production altematives: 120,000 (ALT. l), 240,000 (ALT. 2),
360,000 (ALT. 3) and 480,000 (ALT. 4) tons of aluminium per year. Calculations
have been done for these four alternatives with a dry scrubber and with both a dry
and a wet scrubber, using the anticipated design values for the smelter emissions.
Finally emissions from the various production alternatives have been calculated
according to The Oslo and Paris Commission (PARCOM) definition of Best
Available Technology (BAT) and its emission guidelines for new prebake lines

1

N

I
t'--------------
012km

NILU OR 4Ol99



o

46

built after 1999. The objective of the dispersion calculations has been to assess

whether the relevant air quality guidelines are met.
The wind measurements carried out at Somastadagerdi in 1984 are comparable
with the recent wind measurements at Hraun. Both measurement years/ stations

show a strong channelling effect along the east-west oriented valley axis (ca.4lVo
at Hraun and ca. 39Vo at Somastadagerdi). The average wind speed for one year

was 4.5 m/s at Hraun and 4.1 m/s at Somastadagerdi. The predominant wind was

down valley winds from west (about 24Vo of time at Hraun and about 2OVo of the
time at Somastadagerdi). Onland winds (sea-breeze) from east occurred in about

ITVo of time at Hraun and about l9%o of time at Somastadagerdi, mostly during
daytime hours.

The stability measurements carried out at Mjöeyri in Eskifjördur and used in
previous dispersion calculations have overestimated the occuffence of stable

conditions during daytime hours in the summer and unstable conditions during the

winter period. The recent stability measurements carried out at Hraun in
Reydarfjördur seem to give a good description of the stability conditions where

the planned aluminium factory will be built and were used to update the

dispersion calculations.

Taking into account the uncertainties in performing dispersion estimates, such as

source definition, plume rise, building effects, dispersion parameters etc., the

following conclusions can be drawn:

The one year a,vera.ged. S0r-concentration, due to emissions from the planned

smelter, will not exceed the EU air quality guideline (20 pglmz) outside the

smelter industrial area for ALT. 1b, ALT. 2b and ALT. 3b with wet scrubber

and for ALT. lb without wet scrubber. ALT. 4b with wet scrubber and ALT.
2b without wet scrubber may exceed the EU guideline up to 0.5 km and 1.0

km west and 0.5 km and 0.9 km east from the smelter, respectively.

Dispersion calculations of gaseous fluorides for the growing seøson showed

that the Norwegian air quality guideline for vegetation (0.3 pglmt) might be

exceeded up to about:

. 2 km, 3.2 km,4.5 km and 9.5 km west of the smelter and up to about 1.3

km,2.5 km, 3.5 km and 4.5 km east of the smelter for the PARCOM /BAT
ALT. la, ALT. 2a, AIJT.3a and ALT. 4a, respectively;

. 0.8 km, 1.5 km, 2.0 km and 2.7 kmwest of the smelter and up to about 0.5

km,l.2 km, 1.5 km and 2.1 km east of the smelter for ALT. lb, Al,jÎ.2b,
ALT. 3b and ALT. 4b with wet scrubber, respectively;

. 1 km and 2.1km west of the smelter and up to about 0.8 km and 1.5 km
east of the smelter for ALT. lb and ALT. 2b without wet scrubber,

respectively.

o The calculated total tluorides average for 6 tnonths exceeded the Norwegian

air quality guideline for human health (10 pglm3) up to 0.4 km, 0.5 km and 0.5

km west and 0.3 km, 0.4 km and 0.4 km east from the smelter buildings for the

PARCOM ÆAT ALT. 2a, lJ-T.3a and ALT.4a, respectively.

a
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o On a typical day wíth anfavourable rneteorologícal conditions for the
populøtíon in Budøreyrí and with high SOz emíssíons, the Icelandic guideline
(50 pg/m3) may be exceeded up to about 3 km, 5 km, 6,5 km and 7,8 km west
of the smelter for ALT. la, ALT. 2a, Al-il.3a and ALT. 4a, respectively. The
Icelandic air quality guideline of 50 ¡rglm3 for 24 hour SO2 concentrations can

be exceeded up to ZVo of the time. The probability of occurrence of a day with
similarly adverse meteorological and emission conditions is less than0.003Vo.

o On a typical day with anfavoarable meteorologícøl conditions for the
populatíon ín Budareyri and. with norrnøl SOz emissions, the Icelandic
guideline (50 ¡rg/m3) may be exceeded up to about 0,5 km, 1,5 km and 2,5 km
west of the smelter for ALT. 2b, AI:1.3b and ALT. 4b with wet scrubber,
respectively, and up to about 2 km and 4 km west of the smelter for ALT. lb
and ALT. 2b without wet scrubber, respectively. Only ALT. 2b without wet
scrubber may reach concentrations around 50 ¡rg/m3 at Budareyri's eastem

border. The Icelandic air quality guideline of 50 pglm3 for 24 hour SOz

concentrations can be exceeded up to 2%o of the time. The probability of
exceedance of 50 ¡rg/m3 in Budareyri is well under 27o.

On ø typical day wíth high fluoriile emíssíons from the smelter and' poor
dispersion conditions, the Norwegian air quality guideline for human health
(25 ¡tgtm3) may be exceeded in a restricted area outside the smelter area for
ALT. 2, AI-T. 3 and ALT. 4. The Norwegian air quality guideline for
vegetation (1 ¡rg/m) may be exceeded, in such a day, up to about 2 km, 3.O

km, 3.5 km and 3.8 km west of the smelter, and up to about 2.3 km,3.5 km,
4.0 km and 4.5 km east of the smelter, for ALT. l, ALT. 2, N-T.3 and ALT.
4, respectively. The situation with high emissions of fluorides may occur 1 to
4 times ayear for only a few hours each time.

a

Particulate matter under 10 pm (PM10) has been assessed for the largest
production alternative in order to identify if emissions of PM10 would meet the
ambient air quality guidelines for all the alternatives. Calculations were done for
one year and for a typical day with high impact of pollution from the smelter at

Budareyri. These calculations showed that the EU air quality guideline for one

year average of PM10 (20 ¡rg/m:) and the EU air quality guideline for 24 hours
average of PM10 (50 ¡rg/mr) will not be exceed by any of the smelter's
alternatives.
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Appendix A

Statistics for the wind speed and wind direction at
Hraun
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Station
Periode

N. obs
Average
wind m/s

Hraun
YEAR - 01.05.98 3r-.05.99

DTURNAIJ VARIATION OF WITüD DIRECTTONS (3)

Hours

51

Vùind-
22 rose

3e4) (e464)

*) Wind-
direction

30
60
90

L20
150
1_80

2]-0
240
270
300
330
360

Calm

01
3.6

t2.L
8.5
3.3
1.5
l_.3
2.1
6.4

27 .7
L9.2
6.2
3.6
4.6

4
4

3

2

0

3

I
I
2

5
3

1
I
3

0

0.6
4.6
5.6
L.4
0.5
0.5
0.7
2.2
4.2
2.3
0.8
0.5

r
L.9
3.5
3.L
l-.5
0.9
0.5
0.9
3.7
4.8
3.1
1.1
0.9

5

1_3

I
2

l-
1

l-
I

0

1.
11.
t2.

1
1.
8.

20.
6.
2.
1.
2.

3.
3.
0.

6.
1.
2.
2.
8.

30.
13

3
3
2

0.1
2.9
4.7
l_ .3
0.4
0.2
0.4
0.9
4.2
2.5
0.9
0.5

7

3

9
4
6
I
0

I
9
7
5
0
0

0

13
0

3e6) ( 3es) ( 3e6) ( 3es) (

4.9 5.2 5.0 4.6

t2.
27.
10.

24.
L5.
4.
3.
3.

0

5
6
5
1

0

0

I
9
3

1
I
3

3

5.
18.

o

5.
2.
0.
2.
6.

L9
2.0

20.0
2t.5
6.6
1.0
0.5
1.3
5.8

19 .0
L4.4
4.t
3.0
0.8

L6
t-.5

13 .1
28.0
7.t
2.5
l_.0
2.5
5.1

1-6 .'7
]-4.6
4.0
3.0
0.8

1

0

4
1

5

5

5
1
l_

5
3

0

I

I
4
8

6
5

3

3

9
3

9

5
I
0

1.8
3.9
4.4
3.8
2.7
3.1
2.8
3.2
5.8
6.2
5.0
6.1

2

l_3

16
5
l_

1_

2
I

24
1,4

4

3

1
L00

0.0
2.6
3.3
1.0
0.1
0.L
0.1
L.3

LL.4
6.6
1.3
L.5

l_1
2.7

L3 .6
L6.7
5.2
l_. I
1.3
2.t
8.1-

24 .6
L4 .6
4.L
3.4
L.9

( 3e0) (

4.2

32.

3e1) ( 3e4) (

4.4 4.7

15
3

3

3

23.
5.
2.
1.
2.
8.

22.
LL.
3.
4.
L.

4.2 4.7

DTSTRIBU:TION OF WINDSPEED WITH VüIND DIRECTIONS (T)

Class I: Windspeed
CIass II: [rlindspeed
C1ass fII: Windspeed
Class IV: V'tindspeed

Classes
II III

2s.8 23.8 19.0 29.5

1.2 3.0 5.0 9.1

0.4 - 2.O
2.t - 4.0
4 .1_ - 6.0

> 6.0

s
ê

s
s

m/
m/
m/
m/

*) Wind-
directíon

30
60
90

L20
150
180
210
240
270
300
330
360

Calm
TotaL

Average
wind m/s

TotaIV I Nobs
7 ( 2s5)
6 (L286)
7 (1580)
2 ( 4e6)
I ( L74)
3 ( r-21)
L ( 19s)
L ( 762)
6 Q332)
6 (1378)
1 ( 388)
4 ( 319)
e ( 178)
0 (9464')

Average
wind m/s

4.7

*) This number indícates central direction of sector
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Stasj on
Període

*) Wind-
dírectÍon

30
60
90

120
150
l_80
2to
240
270
300
330
360

Calm

N. obs
Average
wind m/s

*) Wind-
direction

30
60
90

L20
l-50
180
21-0
240
270
300
330
360

Calm
Total

Average
wind m/s

e0) ( e0) (

5.7 5.4

8e) ( e0) ( e0) ( 90) (21s8)

5.7 5.6

Hraun
WTNTER - 01_ . L2 .98 - 28 . 02 .99

DIURNAI, VARIATION OF ¡IIND DIRECTTONS (ts)

Hours Wínd-
rose01

2.2
7.8

r.0.0
5.6
l-. L
0.0
1.1
7.8

31.1
23.3
6.7
3.3
0.0

I
1.6
L.6
0.7
0.6
0.7
0.3
0.8
2.L
6.8
4.9
L.7
1.l_

5
l-
2

3
5

32
l-5

4
4
0

0

2.
l_l-.
r-0 .

2.
1.
2.
1_.

3.
38.

4
2

1
0

2
1

2

l_

3

9
0

2

3

2

l_0

4.4
8.9

r_0.0
5.6
L.1
0.0
2.2
7.8

34.4
1s .6
4.4
5.6
0.0

0.3
L.9
1.5
L.3
0.4
0.3
0.7
0.5
4.2
3.9
L.1
0.6

0.9
2.8
1.8
0.6
0.6
0.4
0.5
2.L
5.2
2.2
0.8
0.2

0

4.
l-1.
1_0.

7

4
L

0

6

1
2

3

6

2

6
4
4
0

1_3

L.1
LL.2
6.7
4.5
4.5
0.0
2.2
5.6

36.0
20.2
4.5
3.4
0.0

t6
.2
.2
.4
.3
.3
.0
.2
.6
.3
.L
.7
.6
.0

2

L2
t4

3

3

0

2

5
23
2L

6

5
0

2.
ô

l-0.
L

1.
l_.
2.
5.

19
3.3
8.9

l_3.3
3.3
1_.1
0.0
1.1
3.3

31.1
2t.t
7.8
5.6
0.0

22
4.4

l-1_ . l_

6.7
7.8
2.2
0.0
3.3
3.3

28 .9
23.3
7.8
l_.1
0.0

2.3
5.5
7.0
5.4
3.2
4.0
3.5
3.3
6.1
5.6
5.7
6.7

2.
9.

1_0.
4.
l_.
l_.
2.
5.

9
9

1
3

9
2

3

6

9
6

0

9

4

31_.
l-9 .

6.
3.
0.

20
2

3

2

( e0) (

5.5

e0) (

5.5 5.7 5.4 5.5

DISTRIBUTTON OF VüINDSPEED WITH WIND DIRECTIONS (E)

Class
Class
Class
Class

V'lindspeed
Windspeed
Windspeed
Windspeed

I:
IÏ:

III:
IV:

0.4 - 2.0
2.1- - 4.0
4.L - 6.0

> 6.0

m/
n/
n/
m/

s
s
s
s

Classes
II III

23 .0 1-8.1- L6.6 4L.8

Totaïv I Nobs
e ( 63)
s ( 2L4l
L ( 218)
3 ( e3)
e(40)
2(26)
3(4e)
6 ( ]-2]-',)

e ( 68e)
6 ( 423)
0 ( L2e)
e ( 84)
4(e)
0 (2r.s8)

Average
wind m/s

0.
3.
6.
1.
0.
0.
0.
0.

6.
3.
0.

100.

8.
¿.
2.

15

l_

5
l-
9
2

2

3

I
I
6
4
0

3L.
19.

1.2 3 .0 5. l- 9.3

*) Thís number indicates central direction of sector
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Station
Periode

: Hraun
: SIIMMER - 01 . 06 . 98 - 3L.08 .98

e2) (

3.6

53

I¡Iind-
rose

e0) (2183)

.8 3.9

* ) tüínd-
direction

30
60
90

L20
150
1_80

2lo
240
270
300
330
360

StÍ11e

N. obs
Average
wind m/s

ÐIURNAI, VARIATION OF üIINÐ DTRECTIONS (?)

Hours
04

11 .5
t4

( ee)( 87)( e1)( e2)( e2r,( e2)(

0

0.
t7.
14.

3.
2L.
26.

0L
4.5

18.0
5.6
t-. L
3.4
0.0
2.2

l-0 .1
23.6
tt.2
6.7
2.2

LL.2

7

0

6
3

7

3

2
2

0
7

6

1
0
4

0.2
3.6
6.6
0.6
0.1
0.0
0.2
t.2
3.4
2.0
0.8
0.4

0

7
1l_

1
0

0

0
1
2
1
l-
0

I
2.6
6.5
6.'7
2.5
0.7
0.5
0.9
3.4
t.7
1.5
0.7
0.8

4
3

2

l_

0

6
26
t2

3
3

9

9
6
4
3
L
0

9
4
6
4
4
2

7
3
2

2
11
29

6
1
0

4

4
l_

0

l_

7

l-6
I
2

l_

3

22
5.6

31.1_
r_l_ . l_

3.3
1.L
0.0
2.2
6.7

t4.4
8.9
1.l_
4.4

10.0

t9
2.2

31-.5
38.0
6.5
0.0
0.0
1_ .1
3.3
4.3
7.6
2.2
1. 1_

2.2

t6
1.1

23 .9
50.0
5.4
1.L
0.0
2.2
4.3
t_ .1
8.7
2.2
0.0
0.0

13
1_.L

18.s
43.5
4.3
1.1
0.0
2.2
5.4
7.6
8.7
3.3
2.2
2.2

10
0.0
7.6

33.7
5.4
3.3
2.2
4.3

L2.0
18 .5
8.7
4.3
0.0
0.0

L.5
3.6
3.3
2.2
2.0
1.6
L.9
3.'7
6.2
6.4
3.2
2.7

4.
1.
0.
t-.
7.

L6.
B.
2.
1.
3.

t_00.

3

3

I
6
1
I
6
'l
2

I
7
6

6

3.1 3 .7 3.9 4.6 4.7 4.5 2

DISTRIBUTION OF WINDSPEEÐ WITH VüINÐ DIRECTIONS (?)

C1ass I: !{indspeed
Class II: Windspeed
Class III: Vüíndspeed
Class IV: V'Iindspeed

0.4 - 2.0
2.L - 4.0
4.1 - 6.0

> 6.0

s
s
ê

s

m/
m/
m/
m/

*) Wind-
direction

30
60
90

120
L50
180
2t0
240
270
300
330
360

Calm
Total

Avefage
wind m/s

Classes
II III

28.s 28 19.1 20

Iv
0

I
0

0

0
0

0

9

7

0

2

1

8

Tota
3.

2t.
26.

1 Nobs
3(7L)
3 ( 46s)
I ( 584)
6 ( 1-01)
l- ( 24)
8(L7)
6(35)
7 ( L6el
2 ( 3s3)
I ( 193)
7 ( se)
6 ( 34)
6(78)
0 (2183 )

Average
wind m/s

5
4
5
6
3
2
5
3

3

3
0

2

1

L

0

3

2

0

0

0

0

1
I
4
0

0

1.1 3 5.0 8.4 3.9

This number indicates central direction of sector*)
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Station
Periode

*) Wind-
direction

30
60
90

120
1s0
l_8 0

2L0
240
270
300
330
360

Calm

N. obs
Average
wind m/s

rr) Wind-
direction

30
60
90

L20
150
180
2to
240
270
300
330
360

Calm
Total

Average
wind m/s

Hraun
GROWTNG SEASON - 0r_.05.98 3l_. r.0.98

DIURNAL VARTATION OF WIND DIRECTIONS (3)

L6
Hours

0 1
5
2

6
2

2

6

7
7

I
9
6

2

I

10
1_.1_

9.2
26 .6
7.t
2.2
1.6
3.3

L4.7
20.1
8.7
4.3
0.5
0.5

07
0.0

L3.7
15 .8
7.t
2.7
2.2
2.2

L0 .4
29 .0

9.3
2.7
1.6
3.3

0.1
3.2
6.2
t.4
0.2
0.3
0.3
l_.0
4.0
2.1
0.9
0.4

0.5
6.2
8.6
L.7
0.5
0.5
0.7
1.6
3 .1-

t.9
0.9
0.4

T

2.3
5.2
5.0
2.L
0.8
0.5
0.8
3.8
2.9
2.0
0.8
0.8

04
8.4 1

l_5

4L
I
2
1
1_

4
I

10
2

1_

0

5
1
l-
1_

I
1_9

Ll-
3
2

2

100

13
l_.1_

t4.L
35.9
7.t
0.5
2.2
2.2
8.2

12.5
8.7
3.3
3.3
l-.1

0.0
2.7
L.5
0.5
0.0
0.0
0 .1_

r-.9
9.6
5.8
0.6
0.6

I
3

1

l_

2

6

2L
t4

2

2

7

L9
2.2

28.3
27 .7
7.6
0.0
1.1
L.6
5.4
9.2

t2.0
2.2
L.6
t_.1_

Wind-
22 rose

¿.
L7.

9
1
I
8

1
1

2

6
4
J

7
7

L

.1

.8

.3

.7

.7

.l_

.6

.3

.'7
o

.7

.1

.0

2L
5
1-

L

L
I

l_9

l_1

3

2
2

t4
6
2

L

2

1_

9
32
L2

2

2

4

4
t6

5
2
2
0

1_

6

1_ .5
3.5
3.4
3.2
2.2
2.9
2.5
3.5
6.0
7.t
3.9
4.3

4.
23.

9

3
4
I
6

3

9
3

7

9

2

1
6

26
L7

5

2

7

.5

.7

.2

.1

.2

.l-

.5

.4

.3

.8

.2
E

( 1_7e) (

3.6

L7e) ( 183) ( r-84) (

3.9 4.2 4.6

1_84) (

5.0

184) (

4.8

1"82) (4387',)l-84 ) (

4.1, 3.6 4.2

DISTRTBUTION OF WINDSPEED WITH VÙIND DIRECTTONS (?)

Class I:
Class II:
Class III:
Class IV:

Windspeed
Windspeed
!Vindspeed
Windspeed

0.4 - 2.0 m/
2.1 - 4.0 m/
4.L - 6.0 m/

> 6.0 m/

s
ê

s
ê

Classes
IT III

27 .t 26.6 20.L 23.6

aITotIV Nobs
( 127)
( 7s9)
( e38)
( 2s5)
( 6e)( se)
( e2)
( 366)
( 864)
( s20)
( 13e)
( e3)
( 116)
(43 87 )

Average
wind m/s

2.
L7.
2L.

9

3

4

I
6

3

9
3

7

9
2
l-
6
0

1.2 3.0 s.0 8.9

*) This number indícates central directíon of sector
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