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Abstract

This thesis presents for the first time a serioud ariginal attempt to provide direction for
harnessing tidal power in the western fjords ofdod. It focuses on the barrage method as the
most likely technology to meet this goal. The fbagy of utilizing tidal energy as a
renewable energy source in this area is approafibed a scientific as well as a practical

viewpoint.

Evaluating measurements of tidal currents, Fouaiealysis of water heights time series,
estimations of energy potential in selected locetim the Westfjords, evidence points toward
the tidal barrage as the most promising approadieicirical generation in designated fjords.

Preliminary findings indicate favorable conditiansa few specific areas.

In Gilsfjérour, a tidal barrage is already in plaogaking the addition of a power plant both
cost-effective and practical. In another, a newdrgaossing is planned over three fjords,
porskafjorour, Djapifjoréur and Gufufjérour. Combig road construction in the common
mouth of those fjords, with tidal power plant deyghent, addresses a range of local and
regional issues, and would result in a maximum miae of about 70 MW of renewable

periodic energy, producing a total of 144 GWh peaury

Keywords:  Coastal zone, renewable energy, tidablyar, tidal power, Westfjords.
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1 Introduction

In the Westfjords of Iceland, there remain reldfivéew opportunities for traditional
hydropower production utilizing river energy. Agesult, power from other parts of Iceland
must be brought to the Westfjords. The biggest dyyower plant in the Westfjords is
Mjélkarvirkjun, 8.1 MW in size. Total installed hyapower in the area is 12.5 MW. In 2006,
the maximum measured load in the Westfjords wad 88/, and the total reserve diesel
generator power from eight generators which aréesea around the area is 20.2 MW. About
6 MW are required to fulfill the peak need. Estiathincrease in electricity consumption by
the year 2012 is 8 percent, which is about 3 MWmaiximum load. In 2006, the total
electricity consumption in the Westfjords was 22@Vis and of that 180 GWh, 80% was

imported power from Landsnet [1].

The distribution system is fragile and Landsneplanning to update the system because of
frequent failures, as can be seen in report froengtbvernment owned company which is the
main electricity distributor in Iceland. Estimatedst of a new power line to the Westfjords is
between 6 and 6.4 billion Icelandic kronur. Deliveeliability is worse in the Westfjords than
the rest of Iceland. As can be seen in FiguredGR1 power line has the highest failure rate
of all lines in Iceland, and the power lines MUldaGLl1l come in third and fourth
respectively. All three lines are in the Westfjor@iaken from Table ,Jpower outages in the
area were estimated to cost the local communibesite584 million Icelandic kronur in 2005.
If reserve diesel generators are taken into accdbrg cost will decrease to 185 million
kronur, cost of investment and operation of gemesaits not includedThe carbon dioxide
emissions associated with diesel generator regaoyaroelectric are an extra environmental
burden [2] Even though new power plants will be built in thee$tfjords, the transmission
system needs to be partly rebuilt. Some of theslireeover high mountains and are subject to

icing which causes line breakdown.



Table 1 Cost of power outages for the years 2005@Dand estimate for the year
2012.
Landsnet Community cost (mkr)
Year | cost(mkr) | Relative to full outage of Relative to full outage and taking into
primary usage account usage of reserve generators
2005 9.9 582 185
2006 10.8 529 105
2007 7.5 120 40
2012 15.3 516 105

o Fiéidi & 100 km

“H‘u‘ﬁuuuuw

Figure 1 Line failure - mean number/100km/year (Lamlsnet-07032).
Some would argue that Iceland owns so much potemreewable energy resources in the
form of river hydropower and geothermal energy tttere is no need to look at other

alternatives.



For the Westfjords, other alternatives need toaert into consideration because of the lack
of further possibilities for traditional generatiohhydropower. Harnessing tidal energy is the
option for renewable energy investigated in thisesth. Intermittent production is
counterbalanced by the advantages of a free andssnenergy source, long life of the power
plant (barrage method) and limited pollution to &mvironment. Tidal power plants and river
hydropower also go well together. It is preciselpWwn when the tide turbines are producing
energy and, at that time, the river hydropower fgawater supply can be regulated to begin

collecting water in reserve.

There are increasing conflicts in Iceland about méver hydropower plants, primarily
because of the non-reclaimable land lost to dardsaaater reservoirs. There are also disputes
about ownership of land and water rights. Discussioout HS pollution from the geothermal
power plant in Hellisheidi, as well as the discassdf global warming and the role of O

have increased interest in using alternative rebnenergy.

Harnessing tidal energy in the Westfjords clos¢éhtousers may alleviate the costly need to
completely rebuild the distribution system. It wallso increase delivery security of electricity
in the area and may increase electricity secuntytfie rest of Iceland by increasing the
number of different options to produce energy. Bmatidal energy may increase

opportunities in the area for industries that nestlre electricity.

1.1 Field research

Current velocity is a big factor for harnessingatidurrent energy but very little information
about currents that are close to shore is availableeland. Some measurements have been

conducted as a part of other surveys, e.g., farféisming.

To obtain more information about the velocity oé tturrents close to land, the author of this
thesis took measurements from a boat in five diffefocations known by local fishermen as
heavy current areas. Two of the measurements faigmhuse of errors in the measuring
equipment, but the other three are part of theigHfexlings. More research needs to be done

in current measurements around Iceland to obtaior@ complete picture of promising



locations for tidal current turbines. The Icelanditaritime Administration tidal current

computer program can be used to estimate curreedsipside fjords. To be able to utilize the
computer program, detailed information is neededuglthe structure of ocean floor and
coastline as well as some current measurementfiosetfjords to adjust the computer

program.

1.2 The Westfjords

The Westfjords is one of the most remote areasadéihd, situated in the northwest part of the
country between 65°- 66°30'N and 24°34°- 21°12"We Total population in January 2009

was 7.185. The fishing industry is the area’s miaidustry, and there are hopes for a
substantial increase in the tourism sector. Weseanin Figure 2 that this area includes many
flords and about 1/3 of Iceland’s coastline belotwthe Westfjords area. One of the fjords,

Breidafjorour, embraces the highest tidal ranged@tand, which is up to 5 meters.

Figure 2 The Westfjords.



1.3 Definition of the problem

The primary goal of this assignment is to deterniinteis feasible to build one or more tidal
power plants in the Westfjords. This project alsarsines the ethical and environmental
issues associated with tidal harnessing. Thesesssiclude possible sacrifices to biology,
biodiversity and measures that must be taken imosideration to minimize potential

consequences

1.4 Questions to be answered

The power of the ocean is a huge renewable resoamé there is increased interest
throughout the world in harnessing it. The feagipibf harnessing tidal energy for power
production in the Westfjords has not yet been eranhi This project concludes the first such
examination, and focuses primarily on the technieakibility of such a project, rather than

related economic factors.
Research questions answered include:

» Is it feasible to harness tidal energy in the WestE?

» If feasible, where are the most favorable locationthe Westfjords?

1.5 Study approach

In the world today, there is increasing pressureasperation with stakeholders to minimize
conflicts regarding projects that affect nature #mel environment, often owned and used in

common by many local governments and individuals.

Insight into options and restrictions of a co-masragnt scheme to oversee Icelandic coastal

areas is limited. Therefore, the “Harnessing Tilaérgy in the Westfjords” project is



approached both from a scientific as well as fropractical point of view to determine if

such a project is feasible.

The purpose of a feasibility study is to decida Business opportunity is possible, viable and
practical. A feasibility study enables a realistiew at both the negative and positive aspects

of the opportunity.

This project includes a review of international arefional literature, principally peer-
reviewed articles but also material such as comguland internal reports. Findings from
previous research concerning tidal power plantsiategjrated coastal zone management will
be incorporated. Applicable data from official res# agencies will be collected and
analyzed. Applicable reports about current measenésn and environmental impact
assessment for the area will be analyzed and stekehwlders will be interviewed. Tidal

current measurements in selected locations witkaefurther information.

- The following alternatives are compared: tidatrbge, tidal current, upgrading the

grid or making no changes.

- Are the circumstances favorable; sufficient catreelocity, distance from local grid,

satisfactory tidal range and will it improve theddbgrid.

- Environmental impact will be assessed in termshange of water quality, potential
fish- kill impact of the installed technology, ingiaon biology and biodiversity and

altered tidal patterns.

- Social impact will be analyzed by the number efvnjobs in construction and in
operation, the increase in tourists visiting theveo plant and the likelihood of

attracting new industry.

! http://wiki.answers.com/Q/What_is_a_feasibility dstu



1.6 Summary of the sections

Chapter 2 contains a study of applicable literatlifee theory of the tides is described as well
as a short overview of tidal power harnessing hystbunctioning of the first tidal mills and
information about some selected tide mills in therld will be reviewed in their historical
context to give a picture of the magnitude. Methotipower generation from hydropower
will be reviewed. Current status will be reviewé&gisting power plants will be examined, as
well as new and future projects. Advantages anddd@ntages of various power generation

methods from tidal power will be discussed.

Chapter 3 reviews the regulatory framework, aagulations and taxes that related to the

subject.

Chapter 4 identifies stakeholder groups and timéérests.
Chapter 5 concerns connection to the electricadibligion grid.
Chapter 6 compares different existing sites andrg@l sites.

Chapter 7 identifies the best site location foumd this study and reviews current

measurements already available and those measusedmwre specifically for this thesis.
Chapter 8 examines how to use or store the energy.
Chapter 9 discusses barrage power plants in Giaffcand Porskafjordur.

Chapter 10 concludes the discussion and makegdalatommendations.






2 Theoretical overview

2.1 The tides

Tide refers to the vertical movements, the rise fatidof the sea, compared to the land. The
horizontal movement of the water to and from thasta@aused by this rise and fall is called
tidal current. These are mostly caused by the tathonal attraction of the moon and sun, on
oceanic waters where the moon is the strongestinaledser degree by the rotational force of
the earth. The earth rotates relative to the maoonie lunar day (24 hours and 50 minutes).
Tidal bulges travel around the earth at 6 hours #h8 minute intervals. The range between
high and low tide varies. When the tide’s rangatigs maximum, it is called a spring tide and
occurs around the new and full moon when the swgmand earth form a line a condition

known as syzygy. The tide’s range at its lunar migniinimum is called the neap tide and

occurs when the moon is at thest- or third quarter, when the sun and moonaran angle

of 90 degrees to each other as seen from the earth.

In most parts of the world, tides occur twice a thay, in some geographical areas, there is
only one tide a day. Tides are measured accorditigeir recurrence phase within a tidal day,
which is the period between two sequential high lamdtides. There are three major types of
tide: diurnal, semidiurnal and mixed tides. On &tkantic coastline of Europe and the USA,
as well as Iceland and the Westfjords, semidiutidals occur, which means that in one tidal
day there are two high and two low tides, bothimiilar levels. One high and one low in a
tidal day are called diurnal tides and occur, fastance, on the coasts of Alaska and Korea.
Mixed tides, a combination of diurnal and semidalrtides patterns where each high tide
reaches different heights and each low tide falldifferent levels are found on the west coast
of the USA. The tidal amplitude can increase dueetmnance between waves, a funnel effect
and the Coriolis force caused by the rotation @f ¢arth. When the tidal range is below 2
meters it is called a microtidal regime and is tjluto be unsuitable for energy extraction. If
the range is between 2 and 4 metiiis called a mesotidal regime and a macrotidglme if

the range exceed 4 meters [3].
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Meteorological conditions such as change in baramptessure and wind also influence tidal
current as well as the coastal geomorphology, wdgpth and ocean floor topography. Tidal
currents have periods and cycles similar to thdséhe tides, and are subject to similar
variations, but the flood and ebb of the tidal eatrdo not necessarily occur at the same time
as the rise and fall of the tide. Tidal currentexp@and strength increase and decrease along
with the variations in the range of tide. Thus, stenger spring and perigéacurrents occur
near the times of the new and full moon and neatithes of spring and perigean tides. The
weaker neap and apogéasurrents occur at the times of neap and apoges.tiTropical
tides occur semi-monthly when the effect of maximdeulination of the moon is greatest and
tends to increase in the diurnal range. Tropicesus with increased diurnal speeds or with
larger diurnal inequalities in speed occur at timmésropic tides. Equatorial tides (Figure 4)
occur semi-monthly as a result of the moon beingrdhe equator and is the minimum
tendency of the moon to produce diurnal inequdhtyhe tide. Equatorial currents with a

minimum diurnal effect occur at times of equatotidés [4].

Figure 3 represents the interaction between thersaon and earth and how they affect the
tides. The moon rotates around the earth in a@®5ycle and two high tides occur every
24 hours and 50 minutes. Spring tide occurs shaftgr the new, and full moon and neap tide

occurs shortly after the first and third quartdr [5

2 When the moon is closet to the earth.

% When the moon is furthest from the earth.
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2.2 Ashortoverview of tidal power harnessing history

Aristotle (384-322 BC) observed that the constafitigtuating ocean with its ebbing and
rising always occurred about with the moon or phaskethe moon. We can say that this

cosmology was the beginning of tidal science.

Humans harvested this untamed power. For a longgenillers harnessed the energy of the
ocean by using tidal mills, mostly for grinding greaby utilizing the mechanical energy
generated by the tides. Through scientific metheadscan get a pretty clear picture of age,

function and the essence of the process.

2.3 The functioning of the first tidal mills

Tide mills operate by storing water behind a damrduhigh tide. As the tide recedes, the
water is released from behind the dam, passingigir@ water mill wheel in order to power
the grinding stones of the mill. Dams with swingiggtes were usually built along shallow
creeks. As the tide comes in, water enters thepoild through a one-way gate which opens
inward, away from the sea. Water then fills thelpoihd behind the dam. When the tide
begins to fall, the gate closes automatically, ifgahe water to flow seaward through the
millrace of the tidal mill. When the tide is lowhe stored water can be released to turn a water

wheel, which is either vertical Figure 5 or horitarsee Figure 6.

Tide Rising

Figure 5 Functioning of the vertical 19" century Moulin du Prat mill [6].



13

MILLPOIND CMBAMKMENT

RISING TIDVE
FLOWS INTO
ATTLL PO

MILLFPOMND EMBEAMEMENT

‘:’i".!lf L3 DETO FALL BELCYWY
PADDLE WHEEL

MILLPOMND EMBANEMENT

OPENING THE PENSTOCK LE’
WATER JET DRIVE THE PADDLE WHEEL

AMD THE UFPER MILLSTONE

Figure 6 The functioning of the Nendrum horizontalmill [7].

50 YEAR HIGH

—HAT
—M WS

— 50 YEAR HIGH

JHAR
—MHWST

— 30 YEALR HIGH

— AT
— RIS T

—MHWT

_MEAMN SEA LEVEL




14

2.4 Tidal mills

In the following paragraphs, information about kmowdal mills in the world will be
reviewed. This is not a complete list of all tidallls but gives a picture of the magnitude.
Common for those predecessors is that they arégld@a areas with high tidal range as can be

found in the Westfjords of Iceland.

The earliest scientifically dated tide mill was f@lin Nendrum in Northern Ireland in 1999.
Thomas McErlean, Norman Crothers and their teane werestigating a fish pond as part of
an on-going archaeological survey of the shoresStwéngford Lough, when they found
unusually well-constructed walls. Excavation ungedethe remains of two successive mills.
The earlier was dated to the year 619 by dendrochogy study of timbers, and the later mill
was dated from 789. The earlier one was operatedl layge millpond compared to the later
mill, which had a smaller one. The wheelhouse ality its stone sluiceway delivered the
water jet to the paddles of the horizontal millwih@éree of the paddle blades survived in a
very good state of preservation, as we can se@urd-7. The size of the millstones is 83 cm
in diameter, and the horizontal water wheel isnestéd to have developed about 7/8 Hp or
653 Watts at its peak power [8].

AL e
I L e LAY Ao
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Figure 7 Nendrum tide mill. The wheelhouse and thre paddle bladeg9].

In the tenth century, the Arab geographer, Al Mag@ams al Din was the first one to
mention tidal mills. He described a tidal mill fauon the Tigris- Euphrates delta in Iraq and

explained how it worked [10]. In 1044, a tidal nvilas operating in Italy in the lagoons at the
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head of the Adriatic [11]. In the Doomsday Book,iethis the record of the great survey of
England, executed for William the Conqueror and pleted in 1086 is the earliest

documented information about tide mills in Englaite oldest was built at the entrance of
the port of Dover between the years 1066 and 1086.book also mentioned the mills on the

River Lea at Three Mills Island, now part of Lontodocklands.
Woodbridge Tide Mill, dating from 1170, an excellexample, survives in Suffolk, England.

The only operational tide mill in the United Kingdas the Eling mill in Hampshire.There

has been a mill on the site for over 900 years.[IBg mill was restored and 1980 it was re-
opened as both a working mill, and a museum. Efiidg Mill is a water mill that harnesses
the power of the tide and is situated on the eddggathampton Water. Many tide mills have
been located around Europe’s coastline in the gragtsome are still in working condition as
the mediaeval tide mill at Rupelmonde near Antwéyp early as in the twelfth century the
first tidal mills in France were developed on thdaAtic coast. The first tide mill in the

Netherlands was located in Zuicksee in 1220 [13].

The first mill in North America was a double furgrtimill built by Samuel de Champlain, the
French founder of the first permanent Europeariesetint in Canada with help from the
Micmac Indians. Built in 1613 in Port Royal, Novad#a this mill used the power from
world’s highest tides in the Bay of Fundy [14].

The Birlot Tide mill shown in Figure 8 on the Isthof Brehat was build between 1633 and
1638 It was renovated in 1744 and again between 199%2@6d [15].
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Figure 8 The Birlot Tide mill [16] .

The tide mill in Ria Formosa, Portugal, built in83Band shown in Figure 9, was one of about
thirty mills that were active in that area. It wdiscontinued in 1970. Presently it is one of the
three tide mills in the country that are still wioidx. Tide mills in Portugal can be traced back
to the thirteenth century. In the 1950s, most vedready abandoned due to the competition of

mechanical mills.

Figure 9 Tide mill in Ria Formosa Natural Park [17].
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In Iceland the first tidal mill was built in Brokeg the year 1901 by the farmer Vigfus
Hjaltalin (1862-1952). This mill was used until 9®r grinding grain. Around 1924 the

price of grain exceeded the price of ground graiit e/as not economically feasible to grind
your own flour. The water wheel was 160 cm in ditenand was active for three hours in the
ebb period and about two hours in the flood pergmth the axle and the paddle blades on the
horizontal water wheel were made from wood, and stips were used to reinforce the
paddle blades. In Figure 10 a remaining part ohtilecan be seen. (oral information, Pall
Hjaltalin, 29 September 2009).

Figure 10 Tidal mill in Brokey. Photographer, Jon V. Hjaltalin (National Museum of Iceland).
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Throughout the Middle Ages and in the seventeenth eghteenth centuries there seems to
have been a steady increase in number of tidak raiil the coastline, on both sides of the
Atlantic Ocean and the North Sea. It is estimabed more than 800 mills were built. In the
nineteenth century the number of tidal mills destiras mechanical mills took over. About the
middle of the twentieth century, electricity gratipauperseded tidal power and almost all
were abandoned by the middle of the twentieth ggntlrhe last tidal mill, the Bauchett mill,
closed in 1980 [18].
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Figure 11 shows distribution of tidal mills aroutie Atlantic coast of Europe.
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2.5 Tidal power plants

At the end of the nineteenth century the first gleere developed about how to gain electric
energy from the tides. In 1931 Paul Shishkoff destiated a 220 kW prototype at the River
Avon on the Severn Estuary in UK [20]. The firsteatpt to build a large tidal power plant

was not until 1960 when the French government @ekcid build the La Rance tidal power

plant, in operation since 1966, with installed aatyaof 240 MW.

In 1968 the pilot project at Kislaya Guba in Russith installed capacity of 400 kW went
into operation. In 1984 the 20 MW pilot tidal powsant at Annapolis in Canada went online.

In 2005 the construction of Sihwa tidal power platarted in South Korea and has a target
completion date of August 2010. Installed capacsty254 MW, utilizing ten 25.4 MW

turbines.

There are three tidal power plants in the world treve been in use for many years and are
connected to the electricity grid. The largest @lecated on the estuary of La Rance River in
France. The generating capacity is 240 MW on theorimng and outgoing tide. The
Annapolis tidal power plant in Canada comes in sdqaace with a generating capacity of 20
MW while the smallest one is located in Russia islé&a Guba on the White Sea, with a
capacity of 0.4 MW.
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La Ranch
La Rance Tidal Barrage (Figure 12) was built in 1#60's near St. Malo in France. A dam
800 meters long was built in front of a 22 %basin. The average tidal range is 8 meters and

its maximum is 13.5 meters.

Figure 12 La Rance tidal power station (Michel Couprd/Stillpictures).
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The plant consists of 24 units of 10 MW bulb tudbgenerators (Figure 13) using 5.35 meter
diameter Kaplan wheels which generate electriaintin and outgoing tide and can also been
used for pumping. The average power generatedastad8 MW for an annual output of
about 544 GWh of electricity, sufficient to powé4f the homes in Brittany.

Figure 13 La Rance power station (Bulb turbine, ALS’M).

In November 2006 the La Rance tidal power plarglmeted 40 years of active service during
which time about 21 billion kWh of electricity weigenerated without major incident or
mechanical breakdown [21]. The initial capital coSthe power plant 100 million US dollars
at that time rate of currency, was repaid aftere@ry production and the cost of electricity
production is now below 0.03 US dollar per kWh [22]
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Figure 14 illustrates the operational modes of baé¢e power plant in ebb generation and in
two way generation. It is also possible to increhsereservoir level by pumping water on the
high tide into the reservoir with the turbines. §hiay be done to generate more electricity in

periods when the price is the highest.
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Kislaya Guba

The first Russian tidal power plant project begari968, in Kislaya Guba (Figure 15). It is
sometimes referred to as the women'’s tidal powantphnd was completely built by female
engineers. It is located on Kola Peninsula closth¢ White Sea in a 40 meter wide and 3-5
meter deep inlet surrounded by high cliffs. Theotaw inside the dam is a 1.1 krand 35
meter deep area, and the average tidal amplitudé imeters. At high tide the current speed
is about 4 m/s. The power house was built near Mnsk and towed by a tug and then sunk
in place. The turbines are of the bulb type, @mes type as used in the Ranch River power
plant. The runner diameter is 3.8 meters and ttation speed of the turbine and the generator
are 69 and 600 rpm respectively. The plant’s itedatapacity is 400 kW [24].

Figure 15 Kislaya Guba tidal power plant [25]
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Annapolis

The Annapolis Royal tidal power station (Figure ¥&s the first tidal power plant in North
America, a government pilot project initially desegl to explore harnessing energy from the
ocean. Construction of the Annapolis project begafh980, and was completed 1984. It is
located on Hogs Island in the Annapolis River camlaich opens into the Bay of Fundy. The
Bay of Fundy is known for producing the world’s hésgt tides in the Minas Basin. Average
range is 12 meters, but it can reach up to 16 meéteheight. The straight flow (Figure 17)
rim turbine utilizes a 7 meter tidal range to proglenough electricity to power about 4.000
homes. The barrage is 225 meters long, and the basa is 15 ki The installed capacity is
20 MW and yearly production is more than 30 GWhhammony with the high-tide rhythm of
the sea, the Annapolis station feeds the grid et@rjrours and 25 minutes. The Annapolis

station comes on for five hours, and then it isfoffseven hours before it comes on again.

& GMW Holdings LLC. 2008 All Rights Reserved

Figure 16 Annapolis tidal power plant [26.
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Figure 17 Rim Turbine (copyright Boyle, 1996).
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Sihwa Lake tidal power plant

Figure 18 Bird’s eye view of Sihwa tidal plant, South Korea Daewoo0).

When completed in August 2010, the South Koreaw&ilhake (Figure 18) will be the
world’s largest tidal power plant, with a planneshgration capacity of 254 MW and annual
production of 553 GWh. Ten bulb turbines of 25.4 Md&ch will be driven by 60 billion
cubic meters of annual tidal flow [27]. The costtloé project is estimated to be 350 million
US dollars.

Sihwa Tidal Power Plant uses an existing barragsteoacted in 1994 for flood mitigation and
agricultural purposes. The tidal barrage providelirect environmental benefits as well as
renewable energy generation. After the Sihwa Laesvall was built, pollution built up in the
newly created freshwater reseryamaking the water useless for agriculture. Seawates
reintroduced into the reservoir in 2004 in the hop#ushing out contamination. The plant is
a flood generation system which means that powenig generated on tidal inflows. This
approach has been chosen to balance a complex fmexisting land- and water use,
conservation, environmental and power generatiorsiderationsMean tidal range is 5.6 m,
with a spring tidal range of 7.8 m and the basemas about 43 kf{28].
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South Korea has other large tidal power schemempth including a 300 MW turbine field
in the Wando Hoenggan waterway and a proposal feeawall and 600 MW barrage at
Incheon [29].

2.6 Tidal technology - overview

Tidal power, also called tidal energy, is a formhgtiropower that converts kinetic energy of

the tides into electricity.

When generating electricity, no new energy is @@aEnergy cannot be created or destroyed
its form can only change or be converted to andibran. Water must be in motion in order to
generate electricity. This is kinetic (moving) emerWhen flowing water turns a turbine in a
hydroelectric power plant, the form is changed tchanical energy. The turbine turns the
generator rotor which then converts this mechana#rgy into electricity. For a more
reliable water supply, reservoirs are used, whathnauch like a battery, storing energy to be
released as needed to generate power. To get éngyefiom the water, water has to flow

from a higher point to a lower point.

When water flows through a pipe or penstock from tservoir to the turbine, the water’s
force on the turbine blades turns the rotor the inppypart of the electric generator. When
coils of wire on the rotor sweep past the genelststationary coil (stator), electricity is

produced.

This concept was discovered by Michael Faraday8Biliwhen he found that electricity could

be generated by rotating magnets within coppescoil

Diverse technology for harnessing renewable anthswable coastal zone energy has been
developing during the last decades, and to-daytitles, tidal currents and wave energy are

utilized to harness alternative renewable ener@y [3



29

2.7 Why harness tidal power?

Compared with other power production tidal poweextremely clean power, as can be seen
from Table 2. Emission by fuel type in the tableludes fuel mining, transport, plant

construction and plant operation. (oral informatibiorm R. Catto, 9 February 2009)

Table 2 Emission by fuel type.
Nuclear 1-5 g C/kWh
Tidal/Wind 1-10 g C/kWh
Biodiesel 10-20 g C/kWh
Hydro 5-60 g C/kWh
Solar 25-75 g C/kWh
Natural gas 125-180 g C/kWh
Light petroleum 210-240 g C/kWh
Bituminous coal 270-360 g C/kWh

Advantages

* Predictable output for as long as desired.

» If crossing over a fjord the barrage can be usetiragad.

» Tidal power plants have no related fuel cost.

* Melt from glaciers and variations in precipitation drought do not have any
impact on tides.

« Addiversity of power generation is attractive fbetcountry’s energy mix.

* Long-lived construction (equipment 40 years andcstire estimated to 100
years).

* Inexpensive electricity (La Rance barrage powentpla

* No potential risk (barrage power plant).

* Renewable energy source.

e Limited pollution to the environment.

» Tidal power does not produce €O

e Tourist attraction (barrage power plant, Annap85s000 visitors/year).

» Tidal power plants and river hydropower go wellgtger.
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Disadvantages

« Environmental and ecological effects.

* Intermittent production.

* Variable output.

* Not dispatchable - can only be delivered when atéal.

* Low head means large discharge which requires expestructures.
e Salt in seawater is corrosive.

* No fishing allowed around current turbines.

Unlike wind and solar renewable energy, tidal popreduction is entirely predictable. It can
be used as a base-load power supply in a similgrasaiver hydropower and is immune from
sunlight requirements and climate conditions. liiespf the potential negative effects, tidal
energy remains a source of completely clean, reblewanergy with very low risk. This

makes tidal energy an excellent choice for theréutu
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2.8 Tidal Barrage - tidal power plants.

The barrage method to generate electricity frorastid a very similar method as that used for
low head river hydroelectric generation. It mustthken into account that tidal water both
ebbs and flows. There are alternative methods efatjpn: generate at ebb tide, generate
during flood or generate during both flood and &lbs. The simplest generating system for
tidal plants is known as an ebb generating sysfealam or a barrage across an estuary or a
fiord is needed. The tidal basin fills through skiigates on the barrage (Figure 19) on the
incoming high tides and exits through the turbiystem on the outgoing tide. Double
functioning turbines can also been used for gemgraind pumping. Studies have shown that
the lowest unit cost of energy is obtained eithigh \wimple ebb generation or ebb generation

with pumping at high tide [31].

Sluice Gates

High Water Mark

Low Water Mark

Estuary Floor

Figure 19  Ebb generating system with a bulb turbindNSW).

Several different turbine configurations are pdssiut bulb turbines are most commonly
used in existing tidal power plants. They can poedanergy from a head between 2 and 10
meters. Bulb turbines (Figure 13) are used in LadeaKislaya Guba and Sihwa tidal power
plants. Bulb turbines can be used for pumping afscstraflo or rim turbine as used in
Annapolis Royal power plant (Figue?) has the generator mounted at right angles to the
turbine blades inside the barrage. These turbiresiasuitable for use in pumping. Tubular
turbines (Figure 20) where the blades are conndotadong shaft and the generator is sitting

on top of the barrage, is easily accessible fonteaance. Average daily load factor for tidal
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power plants is between 42 — 56 percent of ingtdliebine capacity and can even go down to
between 21 and 34 percent in a longer perspe@Rie [

genarator

gear box
ranner

Figure 20 Tubular turbine (copyright Boyle, 1996).

Tidal lagoons

Offshore tidal power generation from “tidal lagobissa new approach to tidal power
generation. Tidal lagoons use a rubble mound imgmamt structure and low-head
hydroelectric generating equipment situated upkiboeneter or more offshore in a high tidal
range area (Figure 21). Shallow tidal flats prouitee most economical sites because of lesser
volume and lower cost of the lagoon structure.

Figure 21 Tidal lagoon proposed for the Swansea Bayrea in Wales (BBC).



33

2.9 Social implications (tidal barrage)

While building a barrage tidal power plant, mangiabconsequences on the surrounding area
can come into play. During construction, which ntiggke several years, many new jobs will
be created and both traffic and people will inceeiasthe area. La Rance took over five years
to build and Sihwa took about the same time todbWilsing the barrage as a road may shorten
distances between places sparing both time and yndie calmer bay inside the barrage
may bring new job opportunities to the area in fafmecreation and aquaculture. The power
plant can be on display for tourists with restati@md bird watching facilites. The barrage
will affect boat traffic so a lock may need to balb About two percent of the total kelp
harvest comes from the area inside the PorskafjtréduageThere will be an increase in the
local hospitality industry that will accommodateitists and other visitors brought to the area
by an opportunity to see this form of power generatThis will boost the local and national

economy.

2.10 Ecological and environmental aspects (tidal barrage)

Gibrat (the “father” of the La Ranch tidal poweapl) states that power generation from tidal
power plants are an “entirely clean” form of enefgym the environmental impact point of
view. This may be true for a single-basin doubkeetf scheme which allows the natural
phenomena of the tide to be used for power gewarathile maintaining the natural rhythm
of the level variations in the basin. This can b&amed by changing the phase timing of these
variations slightly [33]. Installation of tidal bage may have an impact on ecology and
environment in the surrounding area. Each site ifferdnt, and it not easy to predict
consequences since there are very few projectsrtpare with. A barrage crossing a fjord
may change the tidal pattern which can tune thedidner closer to resonance with a larger
tidal range or away from resonance which causesaler tidal range. This may also change
the patterns of tidal currents which in turn charlige sedimentation. Water mixing and
temperatures inside the barrage may change as Wedl.intertidal wet or dry habitat will

change forcing flora and fauna to move or adaptk@ping the water exchange at its



34

maximum the consequences may be lessened [34]ntaghbe killed in the turbines and their
migration to feeding grounds and spawning aredsnidered. Dadswell and Rulifson argue
that limited number of studies suggest that ratemoftality of fish passing through the
turbines in tidal power plants of gated barrageigitesre beyond acceptable limits. Fish
bypass and guidance system may work for some piolaker plants but they are site specific
and must consider fish species and the site cleaistats. The critical design factors for fish
passage through turbines are number of blades atadional speed, turbine diameter,
discharge, pressure flux and cavitations poterit@mier-head means fewer turbine blades and
slower rotational speed which is better for thé.fi®n the other hand, the main advantage of
tidal power plants is absence of harmful emisslikesCO,, which lead to greenhouse effects,

which in turn can result in catastrophe for manlkasdsea level rise [85

To gain actual information about environmental ictfeom tidal power plants, three existing

plants were studied.

No environmental impact assessment was made befodering the construction of the La
Rance river tidal plant. A local fish, the lansdisappeared due to habitat loss, but the oyster
culture was enhanced. During the construction gdesiome sand from beaches close to the
construction site disappeared, a situation paytidressed after the plant was completed.
The tidal range has reduced for about 0.7 m, t8 ©2. The fishing industry has remained
unaffected. The use of a cofferdam during constinatas damaging for the environment but
once in the operation stage an increasingly diviensea and flora colonized the area, showing
a variable degree of biological adjustment [36]e Htosystems remain strongly dependent on
the operating conditions of the power station anday La Rance only runs in ebb generation

mode to minimize environmental consequences [37].

An environmental assessment was conducted aboyeafs after the Kislaya Guba tidal
power plant began operation. It was observed tiatconsiderably reduced water exchange
between the bay and the open sea forced the gaiindrop, in the upper 15 m of the water

column, while hydrogen sulfide accumulated beloat tevel. The flora and fauna were
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different on each side of the power plant. In 19&ifer exchange was increased and six years

later the fauna and flora did not differ substdhytim distribution inside or outside of the bay.

The study of Kislaya Guba conducted by Marfeninalet reveals that construction of tidal
power plants may have major impacts at least wheral power plants are placed in narrow
entrance in a bay like in Kislaya Guba. An enviremtal impact assessment is strongly
recommended prior to construction [38]. Both emvim@ntal impact assessment and strategic
impact assessments were conducted in advance sfragotion of the Annapolis tidal power
plant. Studies have shown that pathways for fisbluded in the project at the Annapolis
power plant are not very effective in sparing mariifie and mortality. Depending on such
factors as marine species and size and turbineatperthe mortality was from 20 to 80
percent. Freezing at the surface is more commoh aipower plant, but mainly due to a

lower heat flux from the bay bottom.

2.11 Economics (tidal barrage)

The economic sacrifices are large capital costhénbeginning and long construction time
(over five years for La Rance and Sihwa) plus midgent energy production. On the positive
side, once built the cost of maintenance and ojperat very small. A barrage type structure
is highly durable and has a long economic lifepsein 75 to 120 years and endless free fuel.
It should be noted that in the electrical powerstdy the profitability is only 6.9 percent or
less (1984). The basic indicator of economic assess in designing barrage tidal power
plant is the ratio between benefits and costs (R¥Bihere the benefits are the product
multiplied by the price for the product and the tsosre the annual operational and
maintenance expenses and costs of the loan. Ifatie (R) is greater than 1 the capital
investment is considered to be viable. The R infigxproposed Severn tidal power plant
scheme is computed from 1 to 1.7 depending upomtheest rate and for Fundy power plant
it lies within 1.3 and 2.45. However all tidal pawdants are different so one may be viable
but others not [39].
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2.12 Tidal currents a different concept of tidal power plants.

Tidal fences

Along with concerns about the environmental effesftdidal barrage, the combination of
global warming caused by increased 04®the atmosphere, and the search for new ways to
produce renewable energy have led to developmetgcbhologies that aim to have smaller

environmental impact. Two key areas of developragatn tidal fences and tidal turbines.

Tidal fences are composed of a number of individuabines mounted within the fence
structure. They completely fence a channel forehgf the water through them as shown in

Figure 22

Figure 22 Artist’s impression of a tidal fence in operation (Blue Egrgy Canada).

Unlike tidal barrage power stations, tidal fencas also be used in unconfined basins, such as
between two islands or an island and the mainl&idhl fences have also much less impact
on the environment as they do not require floodihg basin and their footprints are smaller.
It is easier to remove them and reclaim the landeifessary. Tidal fences also have the
advantage of being able to generate electricityftioe time the first module is installed rather

than after complete installation. To be feasibleimam current speed needs to be more than
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2 m/s in the area before installation of the feAddal fences affect the environment as they

can disrupt the movement of large marine animatisadso interrupt navigation [40].

Tidal turbines

Unlike tidal barrage and fence tidal systems itesiahs, tidal current turbines in open flow
can generate power from flowing water with reduegdironmental effects. They have a
smaller footprint, which allows over a much widange of sites than those available for
conventional tidal power generation. They neednstriodal currents with a large amount of
kinetic energy. The equipment is usually of a wiilltgpe suitable for underwater use and
follows the same physical principles. The blades rmuch shorter because seawater is 800

times denser than air.

The world’s first tidal turbine, shown in Figure,28as tested in 1994, when a 10 kW proof-
of-concept turbine was operated in the Corran Nesrd.och Linnhe in Scotland. The swept

rotor area is 10 fn

Figure 23 World’s first tidal turbine (IT Power. Scottish Nuclear & NEL).
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It resembles a horizontal axis wind turbine, asnseean artist's impression iRigure 24.
Tidal turbines optimize currents at between 2 am/8to generate between 4 and 13 kv/m

Current moving faster than 3 m/s can overly stitbgsblades, while lower velocities are

uneconomic.

Figure 24 An axial flow turbine and 4 MW Pentland Firth turbines (Tidal Stream).
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Hammerfest Stram installed a 300 kW prototype i@ Kvalsund close to Hammerfest in
northern Norway. In Figure 25 the prototype isirgifton the seabed at a depth of 50 meters
utilizing current speed of 2 m/s in both directiof$is turbine was the first in the world to
produce electricity from the kinetic energy in tidarrents and deliver it to the national grid.
After four years of collecting information, the lbime was removed from service for

inspection and then reinstalled in the summer 7009

Figure 25 300 kW prototype (Hammerfest Strgm).

Lunar Energy’s 1 MW Rotech Tidal Turbines (Figu® 2an be linked together and vary in
size from 100 to 500 RTT units [42].

1MW RTT UNIT
Duct Diameter
15 metres

Duct Length
19.2 metres
Turbine Diameter
11.5 Metres

Figure 26 Lunar Energy’s turbine (Lunar Energy).
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Marine Current Turbinegstalled the SeaFlow, a 300 kW prototype turbineMay 2003
(Figure27). This is the world’s first offshore tidal turbinestalled off Lynmouth, Devon. The

swept rotor area is 95°m

Figure 27 A hybrid image of the Seaflow turbine intalled at Lynmouth (MCT).
Figure 28 is a picture from Marine Current Turbir(®TC) of SeaGen, the world’s first
commercial-scale tidal energy system, in its fstalge. SeaGen has been ready since January
2009to generate power into the grid on a fully endited basis for about 18 hours a day. This
55 meter high and 415 ton turbine produces aro@® 31Wh per year. The swept rotor area
is 400 nf [43].

Figure 28 SeaGen, 1.2MW in Strangford Lough, Northen Ireland (MCT).
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Table 3 illustrates how the Marine Current Turbipegject costs decrease over time. Angle

Skerries commercial is scheduled to be online 020

Table 3 Marine Current Turbines initial project costs.
Location Rated power | Capital cost | Life cycle unit
(MW) (EKIMW) cost (p/kWh)
Strangford 1.2 5,191 16.8
Anglesey Skerries demo 10.5 2,537 11.7
Anglesey Skerries commercial 51 1,489 7.9
Anglesey Skerries when fully developed 100 923 5.2

Figure 29 compares the production cost with othrewkn electricity production technology.

In the year 2009 the costs decrease to the samesadf-shore wind. Cost for the project

number 2 in the year 2010, a 50 MW turbine farnprigected to go below production costs

for on-shore wind turbines.
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Figure 29 Production cost compared with other enengproduction.*

* Marine Current Turbines: a progress report, Pat@nlkel — Technical Director — MCT Ltd (2007) Lifgate unit cost

projections from due diligence report by Black &fehtch (assumes cost of capital at an 8% discaa} r
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The Energy Systems Research Team at the UnivasByrathclyde has developed a contra-
rotating marine current turbine (Figure 30 and Feg81) with integral power take off. Using
patented new rotor technology, this design enabiese energy to be delivered from the
flowing stream while reducing mechanical complexity2.5 m diameter rotor prototype has
had successful sea trials and has now being engmhésto a complete system with a direct
drive generator and tension mooring system. Thaoaudf this thesis took the following
photos on a visit to the University of StrathclideApril 2009.

Some benefits of this turbine are:
« Higher power output compared to an equivalent scoeventional device.
« Reduced environmental impact.

+ Low maintenance due to simple direct drive and equirement for a complicated
gearbox.

+ No expensive piled seabed structure required.

« Suitable in waters deeper than 40m.

Figure 30 Contra rotating turbine.
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Figure 31 From visit to the University of Strathclyde.

In October 2009, a new 1 MW “open-centre” tidalbine designed by Open Hydro was
installed at the Minas Passage in the Bay of FyRtyure 32). The open-centre turbine has a
slow-moving rotor and lubricant-free constructioithjyust one moving part and no seals. It is
a self-contained rotor with a solid state permameagnet generator encapsulated within the
outer rim, optimizing maintenance requirements. riparo’s technology will be tested for
up to two years. During this time, data will beleoted to determine the environmental

performance and future feasibility of tidal poweithe Bay of Fundy [44].

Figure 32 OpenHydro’s turbine (OpenHydro).
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Stingray

The Stingray (Figure 33) developed by EngineeringiBess is designed to extract tidal flow
energy. The supporting arm oscillates, which im fiarces hydraulic cylinders to extend and
retract. This produces high-pressure oil that exlus drive a generator. (Engineering
Business Ltd, 2005

Figure 33 The Stingray before deployment for submeged testing (Engineering Business).



45

Sea Snall

The Sea Snail in Figure 34 uses hydrofoils to hesrthe sea’s own power to produce a
downward directional thrust to anchor the devicthtoocean floor. A turbine is mounted onto
this 30 ton platform. Robert Gordon University f®ad50 kW prototype device deployed in
the Eynhallow Sound, Orkney. (Highlands and IslaBdgerprise, 2005).

Figure 34 RGU'’s 30 ton Sea Snail prototype (Robefsordon University).
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Cross flow turbines

Gorlov’s helical turbine is a revised Darrieus tngh It has twisting blades in the shape of a
helix which gives it 35 percent efficiency, hightsan in other cross-flow turbines that are
between 20-25 percent. They always turn in the sdimeetion independent of the current
direction and start to produce energy at 0.5 mfseati speed. The turbines can be used both
in vertical or horizontal position and connectegether in a row. Power production is relative
to current velocity by a power of three [45].

Figure 35 Twin rotor Gorlov Helical turbine (SmugMug, Inc).

Axial-flow rotor turbine

Verdant Power’s axial-flow rotor turbine kinetic drppower systems (Figure 36) generate
electricity from the kinetic energy present in fiog water. The systems have a modular, self-
contained turbine/generator unit that is designed direct submersion without costly
structural works. The units range from 25 kW to 280. Mechanical power is applied
directly through a speed increaser to an interfedtec generator or through a hydraulic
pump that in turn drives an onshore electric ggneré/erdant Power, 2008).
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Figure 36 16 foot axial-flow rotor turbine installed in NY East River (Verdant Power).

2.13 New and future projects

New technology for harnessing tidal power is baiegeloped today, and the UK, Canada and
Norway are some of the leading nations in this .aBmme prototypes are already in place
producing energy for the grid, and constructionsase dropping because of improvement of
material and construction techniques, even whikerggnprices are increasing throughout the

world.

Hammerfest Stram was the first company in the wiarldonnect a 300 kW tidal turbine to the
town of Hammerfest in 2003. This device supplie® KONVh of electricity to 35 Norwegian
homes. In 2006 Atlantis Resources connected itk¥@MWereus turbine to the national grid at
San Remo near Melbourne, Australia. In 2008, Ma@oerent Turbines connected its SeaGen
tidal current turbine to the grid in Northern Ineth The SeaGen turbine is located near the
Strangford Lough and has a capacity of 1.2 MW oivgp supplying electricity to the
equivalent of 1000 homes. In 2008, the Irish corgp@pen Hydro, connected its 250 kW
Open-Centre Turbine located off Orkney, Scotlandhe national grid, supplying electricity
to 100 homes [47].
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The footprint of these new installations is miniprehd it is easy to reclaim the sea bottom if
needed. Generally, the research period for hamgdglal energy is out of its initial testing
phase of testing equipment and has reached ite “tondelivery”. In Iceland no such work

has been performed.

2.14 Social implications (tidal current power plant)

Constructing a tidal current power plant has sowstiye and some negative social impacts
on the surrounding area. Some new jobs may beedrdnit not necessarily in the area of the
power plant. Installation takes only few days. Tiigy put the focus on the area which in turn
can help to boost up optimism and the local econdsmglerwater turbines will not affect boat
traffic and make no noise like windmills do. Fistnen are not allowed to catch fish close to
the turbines and recreational divers must keegeadistance. Anchoring is also prohibited in

the area.

2.15 Ecological and environmental aspects (tidal current power plant)

By law, environmental impact assessment must bepled, but installation of a tidal
current power plant has very little or no impact eoology and environment in the
surrounding area. Fish and mammals avoid the dloming turbine. The Seagen’s maximum
rotation speed is 15 revolutions per minute antssizally 17 out of 18 randomly drifting

objects 20 cm in size pass through the turbineawitimaking contact with the blades [46].

There would be no or little change to the flora &ugha in the tidal range. The equipment’s
footprint is small, and it is easy to reclaim thea sbottom. How much kinetic energy is
extracted from the tidal current depends on sizt rsmmber of turbines. Energy extraction
from the tidal current may disturb the tidal regisred decrease its velocity, which in turn
affects the sedimentation and tidal range in tle@a.aDecreasing the amount of energy tapped

will help to preserve the current tidal regime [34]
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2.16 Economics (tidal current power plant)

Tidal current turbines are still in their early g#a The cost of utilizing tidal streams are very
site specific. The early stage of this developmmeaans that there are few projects available
for comparison. The economic advantages includdl srapital cost and short construction

time. Disadvantages are intermittent energy pradnand a short lifetime, around 20 years.
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3 Icelandic circumstances

3.1 Coastal zone

In the year 1281, the coastal zone in Iceland wefised by the Jonsbok laws and called the
Net Laws. The Net Laws’ seaward boundary is todzteminined to be 115 meters from the
low-water mark. Clark, R. defines the coastal zase
“... the places where agency authority changes atbyuprhere storms hit, where
waterfront development locates, where boats madie lmdfalls, and where some of
the richest aquatic habitats are found. It is alke places where terrestrial-type
planning and resource management programs areeat freakest”
The coastal zone includes beaches, dunes, tids| feefs, estuaries, shallow waters and

intertidal zones [36].

3.2 Regulatory framework

Iceland is part of European Economic Area (EEA)jchhcame into effect in 1994. It is
estimated that 40% of the European Union (EU) tives that are included in the EEA

agreement fall under environmental category [48].

Iceland is signatory of several international agreets including The Rio Declaration of
1992, ratified by the Icelandic Parliament in 1984¢d the Kyoto Protocol of December 11,
1997, which became effective on February 16, 20085the Kyoto Protocol, the use of

renewable energy is required, including the goausttainable energy production.

The coastal zone of Breidafjorour has been declarpteservation area by special laws, and
power plants in porskafjorour and Gilsfjordur arghw that zone. Regarding tidal power
plants in Breidafjordur, all new construction neeggroval and licens from the Ministry for

the Environment.
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Based on existing laws, an agreement with landosvreggarding compensation, as well as an
agreement with the transmission system owner, foesteached prior to an application to
build a power plant. Environmental impact assessmmrst also be completed, and based on
the agreements reached and the environmental assgsshe Ministry of Industry Energy
and Tourism grants or denies a license for the pg@lant. Local authorites are responsible
for planning on land and within the jurisdictiontbe Net Laws For instance, when applying
for an aquaculture pen located outside the jurigdicof the Net Laws, only a license from the
local health control is required. Tidal current gowlants placed outside the area regulated by
Net Laws follow the same Acts as barrage plantamigg land-based structures. National
governmental agencies have jurisdiction in the wesigé economic zone, from the Net Laws’
seaward boundaries out to 200 nautical miles. khas clear how the laws apply to tidal

current power plants located outside the Net Lamezo

Iceland’s National Planning Agency is responsitide the administration, monitoring and

implementation of the Planning and Building Act 9T9.

Local authorities are responsible for the procdsthe Strategic Environmental Assessment
Act (2006) and the Environmental Impact Assessmen(2000).
Municipal plans express the local authority’s ppliecn land use in the municipality and

extend its jurisdiction to 115 meters into the §ea low-water mark.

3.3 Acts and regulations

In a feasibility study, the laws and regulationaypbh major role in that they may affect
planning, timeframe, the economy and ownership.lysmof these areas must be included in

any study.

> Net Law is a zone of the ocean measured from tvenlater mark and reaching 115 meters out to segePty of
landowners.
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A review of current Icelandic laws and regulatiditeds no specific laws regarding tidal
harnessing or tidal power plants. One law, The @¢cthe Survey and Utilization of Ground
resources 1998 No. 57 10 June, also covers surgeysydropower (tidal hydropower

included) for the generation of electricity [49].

Some laws, such as The Building Act and The ElatgriAct, as well as laws regarding
environmental issues and international treatiesp dlave an impact on planning and

implementation.

Figure 37 shows the legally obligated interactietween an applicant for barrage tidal power
plant and stakeholders. The applicants need thceases to build a tidal power plant in

Breidafjorour.

All structures on land have to follow The Buildidgt. Power cables and connections to the
grid have to follow The Electricity Act. Laws regiamng environmental issues demand
environmental impact assessments. By internatidredties, Iceland has undertaken to

decrease C¢n the atmosphere.
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Figure 37 Interaction between an applicant for barage tidal power plant and stakeholders, obligatedyblaws.
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Act on the survey and utilization of ground resoures No. 57/1998.

Below is article 18 of the Act on the survey andiastion of ground resources that states

what should be included in the power developmemsnise issued by the Minister of Industry

Energy and Tourism. This act pertains to tidal poplants after amended by Act No. 5/2006

(entered into force on 18 February 2006)

10.

11.

A prospecting and/or utilization license shall spic

That the articles of association of the licehstler, in the case of a company,
are approved by the Minister;

The term of the license, special provisionsvien work should be begun, at
the latest, and when it should be concluded;

The boundaries of the area;

What resources under this Act the license ®vamovisions on quantity and
rate of utilization;

That Orkustofnun approves of the preliminanawings of any proposed
structures;

The obligation of the license holder to infomnd notify, including the
obligation to provide samples and documents and tiasvobligation should
be met;

Safety and environmental protection measures;

Purchase of insurance for any potential lialiliof the license holder for
damages;

Monitoring and payment of cost of monitoring;

Payment of license fee to meet the cost opteparation and issue of the
license;

The manner of disposal of extracting structuesd extracting equipment

following the end of the license term;
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12. Cleanup of work areas and land that has bebkereal in the course of

prospecting or utilization.

Planning and Building Act No. 73/1997

The Planning and Building Act ensures that the bgraent of settlement and land use in the
country as a whole will be in accordance with depeient plans that are based on the
economic, social and cultural needs of the poputatnd also their health and safety.

It also encourages rational and efficient utiliaatiof land and natural resources along with
ensuring the preservation of natural and cultuedues. Its purposes include prevention of
environmental damage and over-exploitation based tloa principles of sustainable
development. The act ensures security under thendie handling of planning and building
issues so that the rights of individuals will net ieglected even though the common interest
is the guiding principle. The law requires professil development and active monitoring to
ensure that requirements regarding safety, dutgbdppearance and suitability of buildings

and other structures are fulfilled [50].

The Electricity Act No. 65/2003

The Electricity Act states that to construct an@érape an electric power plant exceeding 1
MW in size, a power development license granted iaaded by the Minister of Industry
Energy and Tourism is required.

An agreement must be reached with the land owregrarding compensation in advance of
the application and receiving such a license, dt agean agreement with the transmission
system owner. For power plants exceeding 7 MW siiailed capacity, a direct connection to
the main distribution system is an obligation, ot smaller plants connection to the

distribution system is optional. The minister mayer with an existing governmental

regulation, establish special conditions beforenting such a license, for example, regarding
the supply of electricity to the grid, securityliability and efficiency as well as the utilization

of renewable energy sources. The minister cansgsoonditions in relation to environmental
protection, land use and the technical and findmapacity of the power development license
holder. The cost of the license is ISK 100,000 pl&K 10,000 per MW [51].
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Below is article 6 of the Electricity Act that stat what should be included in the power

development license issued by the Minister of IguSnergy and Tourism [52].

A power development license shall specify, intaaal

1. The size of the power station and the demaneataf the power development
area.

2. The time at which the development shall begthatatest and when it shall be
completed.

3. The obligation of the power development licdmdder to provide information

and reports to Orkustofnun and to the transmissgatem operator, to the
extent necessary for those parties to perform ttesipective roles.

4. Safety and environmental protection measures.
Conditions relating to the technical and finaalccapacity of the license
holder.

6. Disposal of facilities and equipment when thesie is discontinued.
Other matters pertaining to the conditions oé tlicense and the license
holder’s obligations hereunder.
A provision may be included stipulating that thevpo development license
shall be reviewed after a specified period of tim¢he event that the grounds

for the conditions of the license have changed nzdite.
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Provision of the regulation regarding the Act of Eéctricity No. 1040/2005

This regulation gives more information about wistaquired in the application for a power
development license. The power development licemgglication must include research
results regarding the type of energy to be harmeasenell as a description of infrastructure
and location of the power plants, an economic aslyontracts with both the owner of the
distribution grid and land owner(s) and also aniremmental impact report. Following is the

power development license application in articl€Thesis author’s translation)

The application shall be written and accompaniechvthe following:

1. Name of the applicant, identification number,di@$s and management
information about the company.
Research results regarding the project.

3. A description of the power plant, including aprghowing the position and
arrangement of buildings, the principal numericafarmation regarding the
power plant and demarcation of the area to be used.

4. Construction plan, when the process will stavhen it will be finished and
when it will start producing.

An economic plan for the project.

A contract about connection to the grid.

Information about whether an agreement for campdon has been reached
with the land owner(s) and owner(s) of natural ieses for the utilization of
the land and resources.

8. Information about the primary environmental isswf the power plant and its
influence on the respective natural resources am aincluding influence on
any prior utilization on the location, as appropia Information about
whether the process is subject to obligatory evadmaaccording to the law of

environmental influence. If so, the findings of ¢éh@luation of the
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environmental impact must accompany the applicasisnwvell as the decision
of the environmental authorities about the envirental impact.

9. Information about other possible licenses that #ggplicant believes are
needed from other authorities, and whether the g@sscfalls within the local
plan of the ared53].

Environmental laws and regulations

The Nature Conservation Act No. 44/1999

The purpose of this act is to direct the interactd man with his environment so that it harms

neither the biosphere nor the geosphere, nor psliite air, sea or water. The Act is intended
to ensure, to the extent possible, that Icelandtane can develop according to nature’s laws
and ensure conservation of its exceptional or hstbaspects. The act shall facilitate the

nation’s access to and knowledge of Icelandic ma#und cultural heritage and encourage the

conservation and utilization of resources basesustainable development.

Environmental Impact Assessment Act No. 106/2000

The Environmental Impact Assessment Act deals wlith possible impact of different
projects on the environment and ensures, beforaserdns granted for a project, that an
assessment of the impact has been carried outaifilhés to minimise as far as possible the
negative environmental impact of the project andrtumote co-operation of stakeholders and
concerned parties with regard to the project. Tdtgequires that the public is informed about
the environmental impact of project and gives thblio the opportunity to be heard. It states
that an environmental impact assessment is obhg#bo all power plants exceeding the size
of 10 MW [54].

The Environmental Impact Assessment of ProjectsNect105/2006

This act deals specifically with the process foiiratial environmental impact statement and,
if approved, a full scale environmental impact asegent. The initial impact statement should
include a description of the project, the area, diesign within the area and whether the

project is consistent with current development pldnhshall state which part of the project
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and environment will be emphasized in the subsdqgaadironmental impact assessment,
what data exists and a plan for the presentadioth co-operation with others concerned as
well as the public. Consultation with the IcelanNiational Planning Agency is obligatory and
the environmental impact statement will either ppraved or denied. If it is approved the

next step is completing an environmental impactss®ment, a more detailed report.

The developer is responsible for both the enviramalempact statement and any associated
costs. The final decision comes from the Ministetnalustry Energy and Tourism and after

consulting the National Planning Agency, eitherrapps or denies the project [55].
Protection of Breidafjordur, Act No. 54/1995.

All islands, islets and skerries, as well as theret at the head of Breidafjordur, are declared
a preservation area. If not included in an approviesh @ll new construction needs approval

from the Icelandic Ministry for the Environment.
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Subsidies — taxes

Electric generating companies must pay an 18 pepedfit tax, and the value added tax in
Iceland is 25.5 percent [56].

99.9% of Iceland’s electricity production is fromnewable energy sources and no subsidies
for power plants producing renewable energy exist.

In the United Kingdom, the Renewables ObligatiorDfRvas introduced in 2002, and is
designed to optimize electricity production frormeable sources [57]. Green Certificates
are used in Europe, and Renewable Energy Cer@ficate used in the US®ne certificate
represents generation of 1 MWh of electricity; thesrtificates represent the environmental
value of renewable energy generated. The certficatan be traded separately from the
energy produced. Several countries use greenicatéé as a means to make the support of
green electricity generation closer to a marketneony instead of a more bureaucratic
investment support and feed-in tariffs. Such natidrading schemes are in use in Sweden,
Belgium, Poland, the UK, Italy, and some US stg&. In Germany, by law since 1990,
power utilities are obliged to buy at a fixed priak electricity produced with renewable
energy. At the same time grid owners were obligeadjust their system to accommodate this

green electricity.

As a member of the Europe single electricity markas provided new opportunities for
Icelandic as well as Westfjords tidal energy praacToday’s energy production in Europe
is slightly based on renewable energy sources ar@hadirective, RES-E (2001/77/EC), was
introduced to encourage green energy productior.mibmber states apply various measures

to increase green energy production, which onedgetin green certificates.

“Energy production using renewable sources is divid#o two components — the
electricity itself and its green attributes, or grevalue. Both of these two components
count as commodities, with green certificates comfig the green value of electricity

that has been generated from renewable energy ssurc

Green certificates provide a guarantee of originakling electricity producers that

rely largely on renewable energy sources to sakgrcredits for their product in the
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internal European market. These are purchased groproducers in the internal

market who wish to increase the ratio of green &alu their energy production by
buying more green credits. Trading green certifsais already possible in a number
of EU stateg?®

6 http://www.landsvirkjun.com/customers/green-cecttes/
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4 Identification of stakeholders

Population growth and economic development worléwidll continue to be concentrated in
coastal areas. The increased pressure on the Icoastacaused by human activities such as
sewage outlets, new roads, harbours or diverse typpower plants poses a permanent threat
to sustainable use of the coastal zone and toeti#ogical, biological and geomorphological
values. This will increase pressure from humanwisieh in turn can create conflicts between
different stakeholder groups.

In May 2002 the European Parliament and the EU €ibusdopted recommendation
2002/413/EC about the implementation of Integr&edstal Zone Management (ICZM) with
the aim of utilizing its strategy to guide EU cadstountries to a more sustainable future.

Outside the EU, countries like Canada, Australid ldorway have also adopted ICZM [59].

Using ICZM strategy, identification of stakeholdessone of the first steps taken for each
project. Every stakeholder is invited to the tadtel informed about the project and urged to
make a statement about their concerns. This proeedill take some time, but in the end
fewer major stakeholders remain. By using this meétfogy more reconciliation will be
achieved for each project. Democracy and cooperatidl enable clear communication

between various stakeholders [36]. Table 4 shoakesblder groups involved in the case.

Table 4 Name and nature of stakeholders involved.
Name of the stakeholder| Interest Com- Organi- Indivi- Autho-
group group Panies zations duals rities
Government X
Neighbors X X
Tourists X X
Landowners X X X
Consumers X X
Citizens X X X
Political parties X X
NGO’s X X X
TPP industry X
Power company X X
Fishing industry X X X
Seaweed harnessing X X X




64

A preliminary list of stakeholder groups includes:

. Government: Department of Environment and Departraémdustry will present
acts, regulations, directives, and internationahties and provide a license for
work to proceed.

. The local municipality is responsible for the Birilg Act on land and to
115 meters offshore. The local municipality is alsesponsible for the
environmental impact assessment. Increase in jolos services in the area
following construction of a barrage power plantésy positive for the community
and will help to alleviate the continuing depopidatin the area.

. Politicians need to be informed and educated atheuproject. Some of them may
be against the project whilst others may be folitiPal support is very important.

. Power companies are the main buyers of the en@&fgydistribution company is a
public company that owns and runs the high voltagsribution system in
Iceland, as well as handling its power system dperaThey need information
about location, production capacity and other stigl information as well as
technical information.

. For the fishing and seaweed industry, the impapears to be in the areas of new
navigation courses and abandonment of fishing asmveed grounds. It is
possible to install a lock for ships in the barragethe seaweed harvesting and
fishing will not be affected.

. The tourist industry may be worried about negagiffect on their industry. On the
other hand the industry may be positively affedbgdthe better roadway built
from the new barrage across a fjord. Tourism carexmgected to increase as
people visit the power plant, as learned from thenapolis power plant. New
recreation opportunities may also arise in the neatmer bay inside the barrage.

. NGOs, for example, the Icelandic nature consermattwganization, Saving
Iceland and Bird watchers Association ask for infation about environmental
consequences. A road barrage (proposed in chapter ® new location across
porskafjorour will resolve ongoing conflict abowtrdaging Teigsskogur forest.
Eagle nesting places will also be saved and thdté&vonly two shoreline cuts
instead of six.



65

5 Connection to the grid

The electric transmission system in Iceland witHtage higher than 66 kV is run by

Landsnet, a public company owned by LandsvirkjuARRK, Orkuveita Reykjavikur and

Orkubu Vestfjarda. Landsnet also controls and ssorihes the country’s power system
operation. The power system is continuously moadorand power production from power
stations can be increased or decreased instandiedvblogical information is loaded into the
system a week ahead, and the system takes intoadecaison prognosis for drought and
precipitation. (oral information, Gudlaugur Siguirgeon,16 October 2009). In the same way,
predicted production for tidal power plant could meluded in the system in as long

timeframe as needed.

All hydropower stations are connected together wibintrol lines, and their production is
monitored and adjusted to the users’ needs. Siagecgnnot put more power into the system
than is used at that moment, adjustments are cuhsteeeded. This action is usually done
automatically from the Landsnet control system ¢arn also be done manually. By stepping
up or down the water stream into the turbiness ipossible to increase or decrease power
production in matter of seconds. When the tidal groplant is producing energy, the ordinary
hydro power plants collect water in their reservoir

The power plant in Gilsfjordour is within 3 km frothe Geiradalur substation (Figure 38) so
connection costs are minimal. The power plant imskefjorour is about 30 km from the
substation. In Figure 39 the Landsnet transmissyatem shows the blue arrow pointing at a
proposed tidal power plant in Gilsfjérdur. Thisuig can be accessed through the internet and
shows the current status on transport and powerRigere 40 is a diagram of the Icelandic

electrical sector [61].

Landsnet is legally obligated to connect all agpits to the grid if the grids capacity is
sufficient and the quality of the power is withiequired specifications. The technical
characteristics of the tidal turbines are the saméor ordinary hydro turbines so the quality

of the power should meet required specifications.
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The yearly energy production in borskafjorour powikant is less than imported energy from

Landsnet and most of it could be dispatched intosystem for use in the Westfjords. This
means less load and less loss on the transmisses because of shorter distance from the
energy source. Tidal power is not easily dispatched because of its characteristic it should
be considered as base-load and, when producingf @ energy should be dispatched into
the system. Other power sources on the grid wdwdd bnly supply backup power when there
is a deficit from the tidal source. The productiome and amount of energy dispatched are
exactly known and thus differs from energy produesith wind turbines, another source of

intermittent renewable energy.
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Figure 38 Landsnet, distribution system (Landsnet).
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Table 5 shows the in-feed charge that concerngtadlproduce energy into RARIK

transmission system.

Table 5 In-feed charge to RARIK.
Delivery charge to RARIK. Fixed price in ISK.

Rated generator powe Without tax With tax (25.50%)
Under 100 kW 186.039 233.479
Under 500 kW 316.263 396.910
500 — 999 kW 421.053 528.422

1000 — 1999 kW 560.930 703.967

2000 — 3499 kW 910.624 1.142.833
3500 — 4999 kW 1.435.163 1.801.130
5000 — 6999 kW 1.959.704 2.459.429

Table6 lists RARIK’s payment amounts due to power plamsller than 300 kW (due to less

out-feed from Landsnet).

Table 6 Delivery charge from RARIK.

Delivery payment from RARIK. Fixed price in ISKAKyear (1.1.2010)

Plant size < 300 kW: Without tax With tax (25.50%)
Power 4,433 5,563
Energy 0,32099 0,400
Transmission loss 0,06404 0,08037

For power plants bigger than 300 kW these pricesedses proportionally and disappear with
3.100 kW [62]. Tablg is the current rate list from 1.1.2010 for Landsigetransmission

charges.

Table 7 Landsnet transmission charges.

Landsnet Transmission charges (1.1.2010)

Delivery charge 4.317.536 kr per year
Ancillary services 245.52 kr per MWh
Transmission losses 64.04 kr per MWh
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6 Comparison example

To find out approximate power production in the Wjesds, some proven mathematical
formulas can be used. By using those formulasthgimum potential power for a fjord can
be calculated, as well as yearly energy produciidxe. medium tidal range and the size of the
impounded area must be known. These formulas willubed in this chapter to compare
known barrage tidal power plants both in use armp@sed scheme. In chapter 7.4 these
formulas will be used for selected locations in Yestfjords, as well as selected tidal power
plants already in use.

Approximation formulas for potential power (barrage power plant):

Approximation for potential power for a single basne way operation.
Potential tidal power can be determined in a matt®al calculation. Given that the surface
area is the same between full stored water levetlesmnptied floor the ebbing water could be
expressed as equation 1. (Weicheng Wu, 1[839)
dw = pghdv = pgShdh (2)
dw = energy unit
g = acceleration of gravity (9.8mJs
h = instant water level height
p = density of sea water (about 1.04 Kgin?)
S= surface area of the reservoirjm
v = velocity
Power could be written as equation 2.
P = /dw =/ pgSHtf/2T (2)
P = potential power
T =tidal period (6 hours)

Htr = tidal range (m)
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Equation 2 simplified into equation 3.

P = 0.226xSxHtf (Watts) )

Bernshtein (Bernshtein, 1965) [64].

Hav = average head (m), with = 0.7 -Rmean

A = surface area of the reserv@m?)
P =0.170 - AHa¥(MW) (4)

Approximation for annual energy output in single basin one way operation:

According to Tester the yearly maximum potentiabrgy recoverable from a single tidal
cycle can be calculated for barrage power plané Whter impounded at peak high tide is on

average a height R/2 above the minimum low watertpo which case:

E=mg R/2 = pAR)g R/2 (5)

COP= coefficient of performance, 0.33 for single ba@ir2—0.35)
R =tidal range (m)

A= kn?

The world mean periode for tides is 12 hours 24uteis

p = density of sea water (about 1.025 ki)/m

g = acceleration of gravity (9.8mJs
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Substituting parametergg and COPIinto formula (5) gives us formulas (6 and 7)
E=1397 R A (kWhr per cycle) (6)
E=0.986x16COP RA (kWh/year) 7)
There are about 706 tidal cycles per year and faif8) represents the annual average energy

output for a single basin one way operation.

Jefferson Tester (Tester, 2005) [65].

E=0.99x0.33x BxA (GWh/year) (8)

Approximation for tidal current turbine power:

Tidal current power can be calculated by followfogmula:

Kinetic energy = 1/2\/
Tidal current energy = 1{2AVt\f=

P=1/2pArV (9)

Where: m pAVt
P = power in the tidal current (W)
p =water density (kg/m)
Ar = swept rotor area (m2)

V = velocity (m/s)

To use the formula (9), the rotor swept area maskrown and the efficiency coefficient of

the turbine and tidal current velocity.
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The World Energy Council has published a list obgprective sites in the world for tidal
energy projects. By using equation 3 for Table &igheng Wu, 1999), potential power can

be calculated for each site. Prospective sitesdtahd are compared in Table 19.

Table 8 Potential Tidal Power Projects. (World Enegy Council)
Location Potential | Installed Mean Basin | Approx. Annual
power capacity tidal area annual | plantload
(MW) (MW) | range (m) | (km? | output factor

P=0.2265Htr (TWh/Y) (%)
Argentina
San Joseé 5.914 5.040 5.8 778 9.4 21
Golfo Nuevo 7.351 6.570 3.7 2376 16.8 29
Rio Deseado 218 180 3.6 73 0.45 28
Santa Cruz 2.822 2.420 7.5 222 6.1 29
Rio Gallegos 2.250 1.900 7.5 177 4.8 29
Australia
Secure Bay 1.550 1.480 7.0 140 2.9 22
(Derby)
Walcott Inlet 2.879 2.800 7.0 260 5.4 22
Canada
Cobequid 8.339 5.338 124 240 14.0 30
Cumberland 2.416 1.400 10.9 90 3.4 28
Shepody 2.599 1.800 10.0 115 4.8 30
India
Gulf of 960 900 5.0 170 1.6 22
Kutch
Gulf of 21.815 7.000 7.0 1970 15.0 24
Khambat
Korea (Rep.)
Garolim 499 400 4.7 100 0.836 24
UK
Severn* 5.758 8.640 7.0 520 17.0 23
Mersey* 582 700 6.5 61 1.4 23
Duddon 141 100 5.6 20| 0.212 22
Conwy 33 33 5.2 5.5/ 0.060 21
Russian Fed.
Mezen 26.783 15.000 6.7 2 640 45 34
Tugur 11.286 7.800 6.8 1080 16.2 24
Penzhinsk 602.985  87.400 11.4 20 190 25

530

* Severn and Mersey do not match the formula; iredathpacity is higher. That is probably becausdymed power in those

areas will not only come from barrage power plamt &lso from tidal gates, water wheels, tidal lag@md flow stream
turbines.
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7 Site decision

Some of the Westfjords, such as Gilsfjordur, Dyiajur, Onundarfioréur and Mjoifjordur in

isafjardardjip, have been crossed by new roadsath crossing except Gilsfjordur bridges
were constructed to give sufficient water excharsggel to minimise damage to the
environment. Those places where tidal flow is vagyive provide a basis for harnessing
electricity. The Gilsfjorour project had a diffeteappproach. The fjord was dammed but with
an overflow so only the last meter of high tideeestthe fjord today with minimum water

exchange as a result.

To calculate the potential power in those fjorde average tidal range and size of the area
impounded is needed. It was possible to collecormétion about tidal range in some
locations from Landhelgisgaeslan, Sjomeelingasvidis Térganization has recently been
measuring the tide components in many locationshlast not processed them all yet. Tidal
information for Reykhdélar, bPingeyri and Bolungarvétiown in Table 9was available (oral
information, Bjorn H. Palsson, 2 November 2009)guFe 41 shows the tidal data reference
plane. To find the size of the area impounded layl rerossings over the fjords, the ArcGIS v.

931 geographic information system was used.
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Figure 41 Tidal data (Landhelgisgeeslan, Sjémeelingaid).
Table 9 Average tidal heights and lows on selectaites[66].
Tidal datum Reykjavik Reykhdlar Pingeyri Bolungavik
tidal heights Height Height (m) Height Height (m)
(m) (m)
Mean high 4.00 4.38 2.90 2.17 The height of an
water spring average Spring tide
(MHWS) high water level
Mean high 3.00 3.25 2.11 1.57 The height of an
water neap average Neap tide
(MHWN) high water level
Mean sea level 2.18 2.30 1.52 1.15 The mean water
(MSL) level at the site
Mean low water 1.30 1.39 0.94 0.72 The height of an
Neaps (MLWN) average Neap tide
low water level
Mean low water 0.20 0.15 0.15 0.12 The height of an
Springs average Spring tide
(MLWS) low water level

Complete tide table for 2009 is in appendix A.
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7.1 Current measurements

The following measurements are open water curresgsorements related to the tidal current
turbines approach. Very little real information ab@urrents close to the coast and inside
flords is available for Iceland. The Icelandic roaiministration has made some

measurements associated with roads crossing tiis fijphe mouth of the bridges in crossings
over fjords is designed to allow current velocigtween 2 — 3 m/s. (See photos of bridges in

appendix C.)

Some studies have been done associated with rasgardish farming by the Norwegian
company Aqvaplan-niva and Néattarustofa Vestfjardae engineering company VISTA
conducted current measurements for Orkubu Vestjar&@yreyjarsund off Flatey to estimate
possibilities for a tidal current turbine. An esdite can be done by simulation but to gain real
information measurements have to be done. The auhthis thesis, in cooperation with
VaxVest, made tidal current measurements to coliefdrmation about currents in the
Westfjords. These point measurements gives infoomatbout certain scenarios but need to
be conducted for a much longer period, at least/det two spring tides to collect accurate
information. To choose sites to measure with striidi@ currents, information was obtained
from experienced boat captains from the area. HEselr was to measure in two different
locations, in Isafjardardjup and in Breidafjordliwo boats, Raména from Bolungarvik with
the captain Fridrik Johannsson and Sulan from Réykh with the captain Bjérn Samuelsson
were used for this project. Following is informati@bout current measurements in the

Westfjords that was available as well as measurestwemducted for this thesis.
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The company named Aqvaplan-niva conducted currezdgsorements in four fjords in the
Westfjords (Figure 42) for fourteen days in Octobed November 2002. The measurement
depth was 10 meters and measurements were at lfiemiervals. Equipment used was
SENSORDATA SD6000, a mini current meter. The follogvinformation about the current
measurements is from the report “Akvaplan-niva cappr / report no: APN-413.02.2422”
[67].

Figure 42 Current measurements in Seydisfjordur (SE Alftafjorour (Al), Talknafjordur (TA) and Patrek sfjordur
(Pat).
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Figure 43 shows results from measurements in Aditafir, Seydisfjordur, Patreksfjérour and

Talknafjorour. In

Table 10 percentages of measurements falling within cenaiocity range can be seen. In

those fjords the current is flowing very slowy.

Table 10 Percentages of measurements falling withencertain velocity range.
< 3cm/s 3-10 cm/s Location
Alftafjoréur 83% 17% 66°00.60'N / 23°00.20"V
Seyaisfjorour 82% 18% 66°00.02'N / 22°55.77'V
Patreksfjorour 24% 76% 65°34.23'N / 24°00.37'V
Télknafjorour 58% 38% 65°37.23'N / 23°48.90'V
Alftafjoréur
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1200

1000
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200
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Figure 43 Alftafiordur, Seydisfiorur, Patreksfjord ur and Talknafijdrdur, current direction and velocit y.

0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9- 10- 11- 12- 13- 14- 15- 16- 17- 18-



79

Natturustofa Vestfjarda conducted current measunégnia Skutulsfjérour, 7 — 8 May 2008.
The following information about the current measoeats is from their report. NV nr. 14-08.
Equipment used for the current measurements was Goepact-EM (Miniature

Electromagnetic Current Recorder).

Figure 44 Measuring points in Skutulsfjordur (Nattirustofa Vestfjarda).

Measurements in Skutulsfjorour were conducted aitpd, C and E (Figure 44) at the ebb
tide on 7 May and high tide on 8 May 2008. Maximspring tide range was 4.3 m in
Reykjavik on 6 May. Reykjavik is used as referepomt, multiplied by 0.6 the maximum
spring tide for Skutulsfjerdur can be found. Maximebb in isafjordur was at 15:31 on the 7
May and high tide at 10:13 on 8 May. The main rssfibm the measurements are in Table

11. Each measurement lasted for 10 minutes atéaorsl intervals at five meters depth.
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Figure 45 shows that 90% of the measurements atitos C and E are in the velocity range
of 0 to 5 cm/s. At site A, the velocity range wasci®/s or more in 63 percent of the

measurements. The radar chart on Figure 45 shanabih current direction.

Table 11 Results from measurements.
Ebb Velocity Velocity Location Direction
(<5cm/s) (>6cm/s) Degrees
A 37% 63% 66°05.908"N / 310-060
23°05.452°'W
C 90% 10% 66°05.317'N / 310-060
23°06.042°'W
E 90% 10% 66°04.980°N / 310-060
23°06.242°'W
High
tide
A 58% 42% 66°05.908"N / 200
23°05.452'W
C 47% 53% 66°05.317'N / 200
23°06.042°'W
E 80% 20% 66°04.980°'N / 200
23°06.242°'W

100.0%
90.0%
80.0%
70.0% -
60.0%
50.0% mA
40.0%
30.0%
20.0% -
10.0%

0.0% -

Hlutfall maelinga

W atfall mC

0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45

cm/sek

Figure 45 Skutulsfjoréur. Ebb current direction in degrees and velocity in cm/s in Skutulsfjoréur 7 Mg 2008
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Results shown in Figure 48how that 80% of the measurements at locationeEirathe
velocity range of 0 to 5 cm/s. At site A, the vetpaange was 6 cm/s or more in about 42

percent of the measurements. The radar chart oard=ig6 shows the high tide current

direction [68].
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Figure 46 Skutulsfjérour. High tide current directi on in degrees and velocity in cm/s in Skutulsfjéréu8 May 2008.
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The engineering firm VISTA conducted current meaments for Orkubu Vestfjarda in the
strait between Flatey and Syrey in Breidafjorourl®nJune 2009. The following information

is from the VISTA report to Orkubu Vestfjarda abtiue current measurements.

------

Figure 47 Syrey and Flatey. Track from the boat (Okubu Vestfjarda).

Figure 47 the track from sailing route is shown and’able 12 are the measurements. Tidal
current was at its maximum between 09:31 and 10/2&imum measured current was 1 m/s
in the middle of the strait a short time after higle [69].

Table 12 Result from measurements.
Time at  Velocity Location Direction
day (m/s) (magnet)

Track B 09:39:52 0.803 65°22.729'N/ 22°55.548'W 241
Track C  09:42:21 0.785 65°22.761'N/22°55.312°"W 263

TrackD 09:47:51 0.789 Data missing 247
Track A 09:53:51 0.731 Data missing 237
Track B 10:00:21 0.723 Data missing 239
Track C  10:02:51 0.694 Data missing 263

Track D 10:08:51 0.680 65°22.668 N /22°55.714'W 238
Track A 10:14:51 0.619 65°22.614'N/22°55.893'W 234
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Measurements conducted for this thesis

Three sets of measurements were conducted in raf@up off the mountain Deild
(Location 1). In Breidafjordur measurements wer&eta in the common mouth of
Porskafjorour, Gufufjorour and Djuapifjorour (Locati 2) and in Langeyjarsund off Skaleyjar
(Location 3). Table 13 shows the maximum measuuecknt in each location. Measurements
were taken one meter from the bottom. Equipmend @isethe current measurement was the

Compact-EM (Miniature Electromagnetic Current Releo).

The time was chosen as close to spring tide ashp@sbut the weather conditions had to be
taken into consideration. Therefore, measurememie wonducted on 17 and 18 August.
Maximum spring tide current was between 20 and@@ust but the weather forecast was for
severe weather. Storm surge is not taken into deraion. Two of the three measurements in

isafjardardjup failed because of failure in the swng equipment.

Table 13 Maximum measured current and direction.
Location | Time at | Velocity Location Direction
day (m/s) (corrected)

1 12:49:50| 0.385 | 66°11.775'N/23°29.175'W  220°
2 19:12:25| 0.823 | 65°30.265'N /22°24.100'W  230°
3 20:22:25| 0.661 | 65°26.641'N/22°39.471"W 150°& 330°

Measurements in Isafjardardjup were conducted oAugust 2009, between 12:40 — 13:40.
Maximum ebb at 0.7 m at Sudureyri (the closest kmntidal information’s) was at 11:28 and

flood at 17:49; maximum flood range was 2.1 m.

Measurements began off the mountain Deild at lonati, one hour after maximum ebb and
continued for one hour. The depth was 15.5 m amdaa@e ocean temperature was 10.3°C.
Mean current velocity was 26.8 cm/s and maximunmecurvelocity was 40 cm/s. Figure 48
shows that most of the measurements are in theitsel@nge of 26 to 30 cm/s or about 40

percent.
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Figure 48 Current velocity in cm/s. Measurements irisafjardardjap.

The radar chart on Figu#9 shows that ebb current direction is decisivelyinrnthe same
direction.

Current Direction in degrees - Deild

180

Figure 49 Current direction in degrees, isafjardargip.
Measurements were also taken at 66°12.207'N / 28288V and 66°12.065'N /
23°25.118'W. These measurements in Isafjardardgifedf because of failure in the

measuring equipment.

Measurements in Breidafjorour at location 2 weradtwted on 18 August 2009, between
18:30 — 19:40. Maximum ebb at 0.7 m in Flatey @hwsest known tidal information’s) was
at 11:27 and flood at 17:40 and maximum flood range 4.2 m.
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Data in porskafjordur was taken at 65°30.265"N°222100'W (Figure 50), depth was 13.7

meter and average ocean temperature was 12.38°C.

Measurements began about one hour after highdrdaound 18:30. For the first 10 minutes,
the average current was 44 cm/s and for the laghibdtes it was 70 cm/s. The maximum
current was close to 85 cm/s. The current velowigs still increasing at the end of the
measuring period, two hours after high tide. Fégbt shows that more than 50 percent of the

measurements fall in velocity range 51 — 70 cmiguié 52 shows the direction of the ebb

current.
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Figure 50 Common mouth of borskafjorour, Gufufjéréur and Djupifjérour. Measuring site marked with a red star.
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Figure 51 Current velocity in borskafjérdur in cm/s. (marked with red star on Figure 50)
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porskafjordur
Current Direction in degrees

90

183

Figure 52 Current direction in degrees, borskafjorair. (marked with red star on Figure 50).

Measurements in Breidafjordur at location 3 wersoatonducted on 18 August 2009 in
Langeyjarsund off Skaleyjar, at 65°26.641°'N / 22439°W, depth 7.4 m, average ocean

temperature 11.7°C.

Measurements began at 20:16 and continued for AQtes. Figure 53 illustrates that most of
the measurements are in the velocity range 36 ton#s or about 28 percent and maximum
current velocity was 70 cm/s. The radar chart guFé 54 shows that the current reflects. Data
from the measurement equipment showed at timesctefh occurs in the channel. Further
investigation is needed to determine if this is th&in characteristic of the channel or if this

occurred only where measurements were taken.
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Figure 53 Current velocity in cm/s. Measurements irbangeyjarsund.

Langeyjarsund
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Figure 54 Current direction in degrees, Langeyjarsad.

Note the strong unidirectional character of therentr in Langeyjarsund. The geometric
effects of a bentic structure created flow back &nth. This unexpected character of the

current, underlines why thorough research in advai@ny project is important.



88

Conclusion

Results from current measurements are informaticeaae a catalyst to conduct further and
more detailed measurements around the Westfjolus.nTfeasuring period should be at least
two weeks or between two consequent spring tidegti€r analysis on sinusoidal tidal range
data collected from diverse locations would be helpo understand better the dynamic

response of the coastline.
In general the currents inside the fjords seenetedsy slow or between 0 — 30 cm/s.

Maximum measured velocity reached almost 1 m/onskafjorour and in Syreyjarsund off
Flatey. Current that slow is not feasible for gatiag electricity with today’s technology. See

raw data in appendix D.
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7.2  Fourier analysis

Table 14 List of main tidal components.

Symbol Main components Period (hour)
M, Principal lunar semi-diurnal component 12.4206
S Principal solar semi-diurnal component 12.0000
N2 Lunar elliptic component 12.6600
My Lunar quarter diurnal component 6.2103
O Lunar diurnal component 25.8200
Ki Lunisolar diurnal component 23.9300
K, Lunisolar semi-diurnal component 11.9650

Table 14 is a list of the main tidal components #radr recurrence in hours [70]. Information
about changes in tidal range has been measurecb#iadted in Reykjavik harbor since 1956.
In an unpublished report conducted by Olafur Guddsson and Pall Einarsson, that
information was analyzed by running the computergpemme Fast Fourier Transform on
data collected between 1956 and 1988ccuracy in the data caused by both technical and
human errors was corrected, and the standard devi@r the whole time series was 10 cm.
That may tell us that more information is includadthis data than only the tides, like the

effect of weather conditions such as atmosphegssure and wind.

In the context of tides, the input variable (freey is measured in degrees per hour which
gives an angular speed. One day is 360 degreesaaspmbed of 15 degrees per hour is
equivalent to one cycle per day,(K0;) and speed of 30 degrees are equivalent to twiesyc
per day (N, Mz, ).

" This data is presented here with the kind permissicOlafur Gudmundsson.
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Using data from Reykjavik harbor, the only longitedata available in Iceland, collected over
34 years and about 283.000 readings resulted indfauansform data, shown in Figure 55.
The larger the peak is the more significant thagidiency is to the overall signal. The peaks
near 30 degrees per hour reflect that the tidetivascycles per day. The peaks near 15
degrees per hour are associated with once pemdagh results in one of the two high tides

during the day being significantly higher than thker.

Close to 30 degrees per hour, we can actuallylsee peaks on the graph on Figure 55. The
peak at 30 degrees is the solar componegmffct every 12 hours. The major peak, labeled
M. is the strongest component in the tidal oscill&ispectrum. It is lunar and has the largest
effect on tides. Because the moon is moving redatiivthe earth, the earth has to turn a little
bit extra to catch up to the moon’s position, whielkes about (2x12.42) or 24.84 hours,
giving a smaller speed of about 28.98 degrees per. The component Naccounts for the

elliptic orbit of the moon to the earth.
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Figure 55 Fourier analysis.
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Table 15 Harmonic tide components greater than 5 crim Reykjavik harbor.
Symbol Frequency H (m) Errc?rh(m) Av. A (m) &h Error (m) A (°) Er{rsc?:b(") AV('Q)ACB Sﬁfr )
M, 28.9841042 1.3128 0.0004 1.3129 0.0098 183.4 0.0 183.4 0.9
S, 30.0000000 0.5141 0.0004 0.5139 0.0050 220.0 0.0 220.0 1.2
N, 28.4397295 0.2571 0.0004 0.2572 0.0055 161.4 0.1 161.4 1.2
K, 30.0821373 0.1457 0.0004 0.1460 0.0049 218.4 0.2 218.5 1.8
Ky 15.0410686 0.1081 0.0004 0.1079 0.0032 117.2 0.2 117.6 1.8
0, 13.9430356 0.0680 0.0004 0.0682 0.0025 65.1 0.4 65.3 3.1

Harmonic analysis (Table 15, complete table iappendix B) can identify the magnitudes of
the components included in the collected tidal heigpformation and helps to produce
accurate energy predictions years in advance basetie individual characteristics of the
generation technology available. All energy estesathould specify the amount of harmonics

identified and the probability of the predictiorescarrence [71].

Figure 56 and Figure 57 show charts of amplituteghase of the two major tidal
components Mand $ based on a satellite observation. Notice thaibgtern part of Iceland
is marked with red and yellow color which meanshighest tidal amplitude. In both figures
it can be seen how the oceans waves propagatedsaoyphidromic points where the tidal
wave amplitude is close to zero [34].
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Figure 56 M, tide in the world oceans. Amplitude (dark lines)$ given in cm and phase (white lines, degree) is

referenced to Greenwich. (Musiela, NTF, Australia)
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Figure 57 S tide in the world ocean. Amplitude (dark lines) isgiven in cm and phase (white lines, degree) is
referenced to Greenwich. (Musiela, NTF, Australia)
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7.3 Simplified tidal economic model (STEM) for tidal current turbines

STEM is a computer program designed to simulat gdrrents and electrical power output
for tidal current turbines in a 12 month time serd hourly current speeds. Preset economic
parameters in STEM include: interest rate at 5 gu@rcdepreciation period of 20 years,
installed power 1 MW, 10 turbines in the arrayptoe cost £1 million, site specific cost £ 5
million and yearly operations and maintenance £ thousand [72].

Figure 58 shows the results of using harmonic tideponents from the Fourier analysis in
Table 15 in STEM and approximated current inforovatfrom current measurements in

Porskafjordur as well as position in latitude amadgitude.

‘ Simplified Tidal Economic Model . STEM ‘ [Mame  European Waters |
| Version 006 091205 23:41:32 | © 2009 Jack Hardisty, The University of Hull, HUG 7RX, UK =
Ref hd
Currency
Mumber of Devices
Idevice| total N e
Capital Costs £k £k N / \'\’ A £
Device(s) £k / 4 4 / . e
Site Specific £k i s ,i \". / ; \"~‘ FA—
/ 3 / ; £
| \ ) . ol A
B 4 7 i 7 et R
Device Power e L B z R
Power Output MWy 2,894 | | -
Installed Power MW b
Capacity Factor
Annual Costs
Interest rate % Hydraulic Parameters Power Parameters Max
Depreciation Period Yrs Rated Current Speed ms” i, ms ! 1.28
Annuity 0.080 Ffficiency % S, ms! 0.26
Annual Capital Cost £k 1,204 Capture Area m® i ms!
Operations & Maint £k 300 Turbine Diameter m K, ms!
TOTAL £k| 150.4| 1,504 Minimum Water Depth m 2882 Ko = Ous ms™ 0.00
Peak Spring knots Eormzahl F - 0.00
Summary Peak Spring ms™' Mean Power/Device kW 33.0
Ann.Cost/Output £/kWWh 0519 Peak Neap knots Max Power/Device kW 216
Peak Neap ms™' Energy/Device MWhly 289
| Park | [ paTa | [cac | CutIn Speed ms”! http: v hull ac.ukigeod research/JHOhtm

Ref Adm.Ref Lat Long PkSpktPkNpkt F, Myms' S,ms’ K,ms' MeanP MaxP Output CapFac Array £k £/kWh
1 IC 65302N 22244W 3 2 0.00 1.28 0.26 0.26 33 216 289 0.03 15000 0.519

Figure 58 STEM display screen
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The broken line in the chart in Figure 58 simudaidal current speed through 27 hours for an
Equinoctial tide (left) and Solstice tide (righf)he solid line is the output power. The mean
power output is 33 kW and maximum power is 216 Ahual energy output is 289 MWh

and the overall capacity factor is 0.03. It shooédnoted at this outputs are from ten 1 MW
tidal current devices. The cost of each kWh is dated to be 0.519£ or around 105 IKR.
(E=203; 5 December 2009). The project in this edangpnot economical feasible because of

high cost. Figur&9 shows a sample of data input into STEM.

M, | 5 @ K
Ref Adm.Ref Lat Long |Pk Spkt Pk Hp kt| Fg m m m
1.0 IC 65 J02H 22 24.1W 3.0 2.0 0 131 0.51 015
Figure 59 Input data into STEM from current measurement and Fourier analysis.

The graphs ifrigure 60 illustrate information from STEM aboutatdated current speed in
m/s and time in hours.

1 28

8 T3 97 121145185 183 217 241 265 288 313 337 381 385 405 433 457 481 50& 525 5563 577 601 525 648 873 897 721

e

Figure 60 Defant graph. Y axis - current velocitym m/s; X axis - time in hours.
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Figure 61 shows the results of inputting STEM knawirrent velocity through bridges
openings in crossings over fjords where the maxinsiatcording to the Icelandic road
administration, between 2 and 3 m/s (4-6 knots).

‘ Simplified Tidal Economic Model : STEM ‘ [Name  European Waters |
| Version 008 100109 10:53:48 | © 2008 Jack Hardisty, The University of Hull, HUS 7RX, UK -
Ref v
Currency ;
MNumber of Devices s
™ - /
Idevice| total i I X i
Capital Costs £k £k / 4 /
Device(s) £k ' | | I /
Site Specific £k s ; i i
i i \ ] § 1 i
Device Power } i “ / 4 / | /
Power Output MWh/y 1 i ! i o Yy
Installed Power MW : | LW LW
Capacity Factor “ i — X 1 - -
Annual Costs
Interest rate % Hydraulic Parameters Power Parameters Max
Depreciation Period Yrs Rated Current Speed m M ms 2.55 2.55
Annuity Efficiency % S, ms! 0.51 0.51
Annual Capital Cost £k Capture Area m® M ms”!
Operations & Maint £k = Turbine Diameter m K. ms’!
TOTAL £k 1,504 Minimum Water Depthm | K= Ous ms” i
Peak Spring knots Eormzahl. £ - 0.00
Summary Peak Spring ms™’ Mean Power/Device kW | 300.1
Ann.CostiOutput £/K'Wh D.OS?| Peak Neap knots Max Power/Device kW 1,000
Peak Neap ms™ Energy/Device MWhly 2,633

| Park | [ DaTa | [ caic | Cut In Spead ms”! hito: iwpww.hullac.ukigeon/researchiJHO1htm

Ref Adm.Ref Lat Long PkSpktPkNpkt Fz M.,ms' S.ms’' K,ms' MeanP MaxP Output Cap Fac Array £k E£/kWh
1 IC B5302H 22244W 6 4 0.00 2.55 0.51 0.51 300 1,000 2,633 030 15000 0.057

Figure 61 STEM calculation. Currents through bridges openings are a maximum of 3 m/s (6 kt)

The broken line in the chart in Figure 61 simudatdal current speed through 27 hours for an

Equinoctial tide (left) and Solstice tide (righT)he solid line is the output power. The mean

power output in this case is 300 kW and maximumegrow 1.000 kW. Annual energy output

is 2.633 MWh and the overall capacity factor is00.B should be noted at this outputs are
from ten 1 MW devices. The cost of each kWh iswalied to be 0.057£ or around 11.5 IKR.
(E=203; 5 December 2009). The wholesale priceeaxftgtity in Iceland is between 4 and 4.08

IKR/KWh. The project in this example is not econoatly feasible at this time because of

high cost but is much better than in the previcasec
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Figure 62 is a graph of information from STEM amdlects calculated current speed in m/s

and time in hours.

:;:; ! H |]u i HH

1 2B 4% T3 97 121145165 193 217 241 265 289 313 337 361 385 400 433 457 481 505 529 583 577 601 625 849 673 697 721

Figure 62 Defant graph. Y axis - current velocitym m/s; X axis - time in hours.

It should be noted that the harmonic tide compapat into STEM are from Fourier analysis
for data collected in Reykjavik harbour (only asble data), not from Porskafjordur. The
maximum current speed measured in bPorskafjorourarasnd 1 m/s is approximated to 1.5
m/s at peak spring tide (about 3 knot) and 1 mfseak neap tide (about 2 knot). Taking this
into consideration, the results are inaccurategng some idea of how this might be done
with real data. All other parameters in the STEMdelcare preset by the author of the STEM

model. Appendix E shows samples of calculations #7&M carries out.
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7.4 Selected locations

In Figure 63 location of the selected fjords, fartlier investigation is shown.
Hvammsfjérour, Hraunsfjorour and Kolgrafarfjoroueautside the Westfjords area but are

included in the study for comparative purposes.
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Figure 63 Fjords in black circles from the bottom;Kolgrafarfjoréur and Hrausnfjérdur, Hvammsfjoréur,
Gilsfjérour, borskafjorour, Dyrafjorour, Mjéifjorou .
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On Figure 63, the following fjords are located: sgdrdur, borskafjorour, Mjéifjérour,
Dyrafjordur, Kolgrafarfjérour, Hraunsfjorour and Bimmsfjérour. To be able to calculate
potential energy in those fjords, the size of tih@aunded area must be known as well as the
medium tidal range. Figure 64, 65 and 66 showsnipeunded area. Table 16, 17 and 18 give
the results of calculations for those fjords.

By using formula(3) P = 0.226SHtf (W) and(4) P = 0.170AHa% (MW) the potential tidal
power in selected areas can be calculated. Ingtpibever is less than potential power as
illustrated in Table 19. Average potential annuargy output (MWh/year) may be calculated
by using equatiori8) £=0.99x0.33x BxA (GWh/year) Formula(8) gives information about

the expected energy production.
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Figure 64 Gilsfjoréur and bPorskafjordur.
Table 16 Different formulas for calculations: Gilsfordur, Porskafjorour.
Location Potential Potential Mean tidal Basin Average potential annual
power power range (m) area output (GWh/year)
(MW) (MW) (MHWS) (km? E=0.99x0.33x BXA

P=0.2265Htr? | P=0.170AHaV?

Gilsfjorour 61 46 3.2 26.5 89
Porskafjérour 100 75 3.2 43 144
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Figure 65 Mijéifjérour and Dyrafjérdur.

Table 17 Different formulas for calculations: Mjoifjoréur, Dyrafjérour.
Location Potential Potential Mean tidal Basin | Average potential annual
power power range (m) area output (GWh/year)
(MW) (MW) (MHWS) (km?) E=0.99x0.33x BXA
P=0.2265Htr* | P=0.170AHaV*
Dyrafjérour 11 8.2 2.90 5.8 16
Mjo6ifjoréur 14 10.6 2.17 13.3 20
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Figure 66 Kolgrafarfjorour, Hraunsfjordur and Hvamm sfjoréur.

Table 18 Different formulas for calculations: Kolgrafarfjérour, Hraunsfjérour and
Hvammsfjordur.
Location Potential Potential power | Mean tidal | Basin Average potential
power (MW) range (m) area annual output
(MW) P=0.170AH av* | (MHWS) (km?) (GWhlyear)
P=0.226Htr E=0.99x0.33x RxA
Hvammsfjoréur 809 609 3.2 350 1.170
Kolgrafarfjérour 26 20 3.2 11.4 38
Hraunsfjérour 7.4 5.6 3.2 3.2 11

Hvammsfjorour (Figure 66) has the greatest poteptaver of the selected fjords and has
been surveyed for several years by the companya&jéka, which plans to harvest its tidal

energy in the future. borskafjorour (Figue4 was next in magnitude of calculated potential

power. Since the Icelandic road administration plancross Porskafjordur, Djapifjéréur and

Gufufjordur with a new road, moving the road linether out and crossing those fjords in
their common mouth would allow a tidal power plémtbe constructed rather than merely a

bridge. The third location in Gilsfjérour (Figus# ) is already dammed with a road and an

overflow, but power plant in that crossing is apb#ity.
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The other fjords of Mjéifjorour, Dyrafjorour (Figars), Kolgrafarfijorour and Hraunsfjorour
(Figure 66) have less potential power and are probably ndalde for a barrage scheme.
Other technologies such as tidal current turbimegpassible.

To predict the potential power and the annual gnetdput, several different formulas can be
used if the basin area and tidal range are knowuo. dpproximation formulas are listed here
and are calculated for existing tidal power plaasswell as on selected locations in the
Westfjords in order to test their applicability. &hrelevant parameters for these
approximations are listed in Table 19. For curseotherating tidal power plants such as La
Rance and Sihwa, the calculated potential poweristdlled capacity are pretty close. The

Annapolis pilot project was designed as 20 MW lmutld have been much bigger.

Table 19 Predictions with approximation formulas.
Location Potential power | Installed Mean Average | Average potential
(MW) capacity tidal Basin annual output
P=0.2265Htr? (MW) | range (m)| area (GWhlyear)
(MHWS) | (km? | £=0.99x0.33x RxA
La Ranch 363 240 8.45 22.5 524
(France)
Sihwa (Korea) 304 254 5.60 43 440
Annapolis 138 20 6.40 15 200 (30)
(Canada)
Kislaya Guba 14 0.4 2.40 1.1 2
(Russia)
Hvammsfjordur 809 - 3.2 350 1170
Kolgrafarfjoréur 26 - 3.2 11.4 38
Hraunsfjordur 7.4 - 3.2 3.2 11
Gilsfjorour 61 - 3.2 26.5 89
Porskafjorour 100 - 3.2 43 144
Dyrafjorour 11 - 2.9 5.8 16
Mjoifjérour 14 - 2.17 13.3 20
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8 Proposition of how to use/store the energy

In chapter 1 of the thesis is information about plogver production in the Westfjords in the
year 2006, when total installed hydro power cagastés 12.5 MW with a maximum load of
39.4 MW. Total production was 46 GWh per year Inat total yearly consumption was 226
GWh, requiring the imported energy from Landsnetl80 GWh. In chapter 8, it was
calculated that possible yearly power productiofparskafjordur could be 144 GWh and in
Gilsfjorour 89 GWh.

Tidal power plants in porskafjorour and Gilsfjérocould produce more electricity than
needed to fulfill the Westfjords’ needs. Becauseoefiodic dispatchability nature the tidal
power plant should be considered a base load, ostimun” plant, and all its energy should

be utilized when producing energy.

Many big water reservoirs are part of the Icelamubaver system and the synchronization of
the power system means scheduled intermittent poarmibe easily utilized. While the tidal
power plant in production, water at other powenfdacan be collect into reservoirs. Collected

water may then be used when the tidal power ptanot functioning, leveling out the swing.

While there are reservoirs in the Westfjords, like one at the Mjolka power station (Figure
67), it is likely that, because of the small siZehese local reservoirs (see Table 20), other
locations in Iceland would be chosen to store wéitex the reservoir at Blanda in the north or
the Barfell power station in the south. This pracegwater collection in diverse areas would
be directed by the transmission system operataking into account other factors such as

precipitation and snowmelt in the area.

On the other hand, with sufficient local productimnmeet energy needs in the Westfjords,
excess energy could be exported or used in inggsin the Westfjords that could utilize

intermittent power such as to produce hydrogen.



104

Orkubu Vestfjarda was established in January 19d3t@ok over the Mjolk& power station as
well as other power stations in the Westfjords. Westfjords distribution grid was connected

to the national grid in 1980.

Figure 67 Mjolka power station (Orkubu Vestfjarda).

Two of the main rivers on the Gladma plateau areMjika and Hofs& which get most of their
water from springs as well as from melting snow scaphese snow caps have been
diminishing over the last decades and Glama isongdr classified as a glacier. The average
flow of Mjélka is 2.3 ni/s. During the driest quarter, from the middle afidary to the middle

of April, about 12 percent of the average yearlyevauns to sea, whereas during the wettest

quarter, about 40 percent of the water runs to&aale 20 displays more data for the Mjolka

power plant [80].
Table 20 Orkubu Vestfjarda, data for power stations
Power plants | GWh/y | Head | Discharge| Reservoir
(GWh) (m) (m%s) (Gl)

Mjélka Il 42 478 1.7 4.2
Mjolka | 15 200 15 0.4
pvera 8.5 59 4.5 25.3
Tungudalur 4.6 105 0.7 N/A
Fossavatn 3.5 302 N/A N/A
Nonhornsvatn 14 380 N/A N/A
Reidhjalli 2.1 280 0.22 N/A
Blaevardalsa 0.9 N/A N/A N/A
Myrara 0.3 N/A N/A N/A

A plan for the Mjélka which includes building a neeservoir and upgrading the turbines has
been proposed. The average electricity productiom fMjélka | and Il is today around 54

GWh per year.
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9 Barrage power plant in Gilsfjorour and Porskafjorour

It is apparent from the calculations and other data few Westfjords sites are suitable for
barrage power plants. The most important existiogdgions for choosing a location for a
barrage power plant include: tidal range, sizeadiib area, length of barrage, distance to grid
connection, actual energy situation, the economthefparticular region and impact on the
environment [73]. Two locations stand out as coibpat with those considerations:
Gilsfjorour and Porskafjordur (See Table 21). Gildur has already been crossed with a road
barrage (Figure 68). Preparation for a road crgssif borskafjordur, Djupifiorour and
Gufufjoréur has begun, but disagreement between staéeholders has delayed final
determination of the road line. Part of the proposead in Porskafjordur crosses an old-
growth birch forest (Teigsskoégur). The owners apgzb#hrough the courts, and the approval
of the license was withdrawn. A revised road plamclv includes a barrage power plant

would preserve the forest.
Gilsfjorour:

By constructing a tidal power plant in the existir@pd barrage crossing at Gilsfjorour an
annual renewable potential power of 89 GWh coulddmerated. As discussed in section 8.1,

damming Gilsfjorour changed the environment conrsily both inside and outside the dam.

Tidal power plants require maximum water excharged building a power plant will
increase the water exchange in the fjord, allowfloga and fauna to recover as it did at
Kislaya Gupa. It is possible, however, that flored dauna may have already adapted to the

new situation. Scientific determination is needed.
Porskafjorour:

An annual renewable potential power of 144 GWh ddw¢ generated by construction of a
tidal power plant, along with the new road barragessing Porskafjorour previously
discussed. This new road crossing the fjord isntigeneeded - transportation in this area and

in the Westfjords in general would be greatly imga. This tidal power plant would be a
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single high basin plant because of natural circams#s and either double or single

functioning. [33].
In Figure6§ a tidal power plant has been added to the existing barrage in Gilsfjorour.

Gilsfjordur

| —
—
—
—
-
—
—]
—
—
e
—
—

1

—]
—
]

-Google

Figure 68 Conceptualization of Gilsfjordur tidal power plant. (Google Earth 2009).
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Figure 69 shows how a tidal power plant might look in Pofgké&ur. A barrage with a new

road and imaginary tidal power plant has been atlnéuht picture.

Gufufjordur Djupifjordour

Porskafjérdur

Figure 69 Conceptualization of borskafjorour tidalpower plant. (Google Earth 2009).
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Tidal range in borskafjordur
(January 2008)
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Figure 70 Diagram showing the mode of operation ttough one tidal cycle of a single, high-basin
tidal power plant. The blue line is the tidal rangein borskafjérour. The minimum operating head

is assumed to be 1.9 m. The yellow sector is thenking period of the tidal turbine 5.5 hour.

Y axis is the range in meters and X axis is time 2125 h).

Figure 70shows the operation mode through one tidal cyidhe. turbine starts operating at its

minimum operating head of 1.9 m and stops whergémerating head has come down again

to 1.9 m. The yellow sector is the production pefior about 5.5 hours.

Table 21 Barrage power plant in Gilsfjorour and porskafjordur.

Average | Mean tidal| Barrage| Average Distance | Impact on the
basin range length | potential to grid environment
area energy output | connection

Gilsfjoraur 26.5 knt 3.2 3.5km| 89 GWhlyeal 15 km Restore
Porskafjorour 43 knt 3.2 2km | 144 GWhlyear 30 km Little
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9.1 Environmental aspects

Using available surveys conducted for DjupifjéroGufufjordur and Gilsfjoérour (which is

already dammed), it is possible to estimate resoita new barrage power plant. The
University of Iceland, Faculty of Life and Enviroemtal Science, conducted an
environmental impact assessment (EIA) five to sarg after Gilsfjorour was dammed and
compared them with assessment conducted befodathening. Table 22 shows the results of
the assessment. In general, effect on birds waé hess than predicted, and depletion of kelp

inside the dam had not been foreseen. A crossitig fuli water exchange would have much
less effect in the environment.[78].
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Table 22 Results from environmental impact assessmiein Gilsfjordur.
Subject Impact Comment Findings
Nesting None or not Eagle nests occasionally| In the period of eleven years before the
Eagles considerable in some islands in dam, eagles nested seven times and
Gilsfjorour had eleven young birds. After the dam
for period of seven years, successful
nesting was three times with four
young birds
Red knot Indication of Red knots are a migrating Mud flats disappeared inside the dam
decrease in Red bird and stay in the area | but a new one developed seaward of
knot population | for feeding during part of| the dam. Red knots moved to that mud
in the area May flat for eating
Common None Slightly increasing Number of nests was sinbikstween
eider years giving the same amount of
collected eiderdown 16 — 18 kg each
year
Cormorant | None or not
considerable
Salinity Decrease in Rapid fluctuation in Mean surface salinity decreased 28%
salinity salinity in the spring and mean bottom salinity decreased
landward of 23%
dam
Seaweed Increase
Marine Increase Not found before the dam, found in
eelgrass four of six sites after the dam
Kelp Decreased Change in salinity may be¢ Kelp has almost completely
considerable the reason disappeared inside the dam and
decreased close to the dam on the
seaward side
Tide Change Max tidal range inside the_ow water spring is now 75 cm lower
damis 0.5 m. It was 5 m.| outside dam
Ice Change The dam has ice for longer periods

than areas away from the dam

Fish

No information
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No traditional saltwater fishing occurs in thoserdis. Prawn fishing has been tried without
good results. (oral information, Konrdd Eggertssé,December 2009). Trout and salmon
fishing are in the rivers. The yearly catch of satmin the rivers in porskafjérour and
Gufufjordur is less than 100 salmon in each rividrer is no information about the salmon

catch in Djupifjérour’s river [74].

Table 23 lists the magnitude of impacts from theiremmental impact assessment conducted
for Djapifjorour and Gufufjordur. In Porskafjordthie scale of small organism fauna was little
in terms of quantity and number of species. In Bjo@dur the small organism fauna was rich,
but all species found are common and numerouseiretiire Breidafjorour area. The value to
the environment of the small organism fauna in aféur is considered to be little [75]. A
new road that crosses these fjords will destroyhtbaches, but the beach structure and the

small organism fauna are very common in the Brgidadir area [75].

Table 23 Results from environmental impact assessmiein Djupifjoréur and
Gufufjoréur
Subject Impact Comment
Small None or not Very common in the entire
organisms considerable Breidafjorour area
Beaches None or not Beach structure is common to

considerable the beaches of the area

Birds Little Little and only on common
species in the area

Eagles Much Two to three nests may be
endangered

Birch 50 hectares will | By law, new trees must be

be destroyed planted for those destroyed
Mammals No information
Fish None or not Juvenile rombus habitats are

considerable in those fjords
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General impact on birds will be limited to only oo@mmon species that are common in the
area [76]. The originally planned road line thatssed the three fjords would affect nesting

eagles, forcing permanent abandonment of some [7&§ts

Around 50 hectares of birch forest will be lost endhe road and gravel mines associated

with the road construction.

In Porskafjordur, about 3000 tons of seaweed aneekted each year from boats, about 1.5 to
2 percent of total seaweed harvest in the Breiéaiijo area. (oral information, Bjorn
Samuelsson, 20 October 2009). To continue seawawésting after installation of a barrage,
locks need to be installed to allow boats to phssugh. Low head turbines are considered
fish friendly but to minimize fish killing in theutbines, the propeller should be designed with
as few blades and as slow rotation as possiblen Hapuency repellent, such as used with
good results in Annapolis, and installed fish patisv should be used. With full water
exchange water quality should not change consitleréb all cases, environmental impact

assessments must be completed in accordance vstingXaws.

9.2 Social aspects

The population of Reykholar, the closest commumtitythe proposed barrage scheme, has
decreased in the last ten years from 307 in 199266 in 2008. The most important industry

in the area is agriculture, second is the kelp sty and third is diverse service.

Building a barrage tidal power plant so close he tommunity will have many social
consequences. During the construction period, nagy jobs will be created and both
population and traffic will increase in the aredteA the construction there will be less than
ten permanent jobs associated with the operatidheofidal power plant. Using the barrage as
a road will shorten distances between locationgngaboth time and carbon emission. The

new road will put Reykholar on the map and the ipgssaffic will boost the local economy.
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A calmer bay within the barrage may bring new j@partunities to the area in the form of

recreation and aquaculture.

The power plant will constitute a point of interdst tourists, together with restaurant and
bird watching facilities. An increase in tourismliwnean more jobs and more investment
injected into the local hospitality industry, helgito reverse depopulation in the area. As the
barrage will affect boat traffic, it is importart inform all stakeholders about the project from

the very beginning in order to identify potentiahdlicts and resolve them.

A stakeholder meeting was held in Reykhélar villag@hich the thesis author introduced the
idea of combining both the road and the tidal poplant at a new location. The presentation
included the current energy status of the West§oed history of tidal harnessing and tidal
power plants as well as diver's technology usedurrent data-gathering. Also discussed
were techniques of barrage tidal power plant caoitn and environmental information
collected both from previous projects and locakaesh. Approximately 11 percent of the
total population in the area attended the meetiiter the presentation and following
discussion, the participants were requested to Emp questionnaire. Responses to some of
the questions follow here. For more details alibatquestionnaire and the responses, see

appendix F.

The stakeholders interviewed, including landownar&gelp harvester, local government and
citizens of Reykhdlar, were positive about barrggsever plant project, especially when
coupled with the newly proposed road location, bgging the Teigsskégur forest, and thus

resolving an ongoing dispute concerning the forest.
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Figure 71 classifies participants into stakeholgteups. The majority of the participants were
local residents and local farmers, with landowmeisecond place. Of those who answered the
questions, 85% supported the power plant and 5%osgupit. Additionally 83% felt the

project would have economic benefits.

M Localresident

MW Localfarmer/landowner
= Governmental official
B NGO

m Other

Figure 71 Stakeholder group
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31% believed that a tidal power plant would haveegative impact on the environment,

where as 37% did not believe it would have a negampact (Figure 72).

Figure 72 Do you think the project will have negatie impact on the environment?
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The majority of those who thought the project wolite negative effect on the environment
were worried primarily about the negative impact sgaweed harvesting, and secondarily
about the impact on wildlife. Pollution from theopect during construction was the third

greatest concern about the project. See Figure 73.

Impact on birds Sight spoiling,
6% negative /mpacts to
the aesthetic
enjoyment of the
ocean
5%

Impacton
commercial and
recreational
fishing

5%

Impacton water
recreational uses
0%

Impacton
water based
Impacton tourism
local usesin the
property area
values 6%

0%

Figure 73 Negative impact on the environment. If y& in what way? (More than one answer allowed)
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9.3 Economic

Tidal barrage power schemes have a high capital lbos a very low operational and

maintenance cost. Because of the high cost in #gnhing, tidal power plants may not
produce returns for many years. But the very lofegdf the construction and low operational
cost as well as predictable renewable energy awl firel, give tidal barrage power plant a

head start on many different renewable technologies

The average wholesale price for per kWh in Icel@dbout 4 IKR or about US$ 0.03
(December 2009) which is little higher than thetaafskWh in La Rance tidal power plant
(US$ 0.027). Table 24 gives information about tlestcper kWh for different renewable

technologies.

Table 24 Renewable technologies cost summary (20P9)
Renewable Technologies Co§ Levelized cost US$ / kWh
Hydro 0.01-0.14
Geothermal energy 0.05-0.11
Wind onshore 0.06 — 0.13
Biomass 0.07-0.14
Marine current 0.09-0.41
Wave 0.13-0.44
Wind offshore 0.14-0.23
Solar thermal 0.14-0.19
Solar PVE 0.20-0.27

® Levelized cost is the levelized cost of generatioly.
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One of the major factors in the decision to builitlal power plant is the construction cost.
Each project is site specific, and it is not poesib say how much a project will cost unless it

is designed first. This is a topic for another stigation and will not be explored in this hesis.

The Gibrat ratio (k = length (m) /,B can be used as preliminary indicator on how détgra
proposed location is for a tidal power plant. Téxegth of the structure divided by the natural
energy gives a ratio, and the lower the ratio tloeendesirable the site. In the case of
Porskafjorour, the structure length is consideceble 500 meters or about the same as is
needed to support full water exchange in the fijbiatural energy is calculated {e=

1.4xRxA were R is medium range (m) and A is basin sizknif) to be 616 GWh. The Gibrat

ratio for Porskafjordur with this assumption is1.8
Enat= 1.4x3.2x43 = 616 K =500/616 = 0.81

The Gibrat ratio for La Rance is;d= 1.4x8.45x22.5 = 2249 => 800/2249 = 0.36, for Severn
0.87 and for Passamaquoddy in the Bay of Fundy. 0.92

According to Weicheng Wu construction cost of cartienal tidal power plants is between
(US$ 350 — 400/kW in 1999) US$ 455 — 520/kW in &y'd dollar value and the benefit to
cost ratio is 2.45, 2.60 and 3.0, respectivelyggheme in the Bay of Fundy). The cost benefit

ratio is higher than one, so construction of a emtional tidal power plant is viable [63].

It would be less costly to partly rebuild the tramssion system in the Westfjords than to
completely replace it. Since the barrage will sdyath as part of the new road and as a tidal

power plant, the money spent on the barrage halilale function.

Tidal power plants as tourist attractions havetpaseffects on the economy. The Annapolis
tidal power plant attracts 30.000 visitors per yaad La Rance attracts 200.000 visitors per

year.
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9.4 Ifnothingis done

If nothing is done, the population in the area itbbably continue to decrease. Opportunities
to explore new technologies to harness tidal enevijythis time be lost. Possibilities to
harvest renewable energy to strengthen the el#gtricfrastructure and industry in the
Westfjords will be fewer. As mentioned before, tust of rebuilding the transmission system
is estimated to be between 6 and 6.4 billion IKRe Bld winding road line would have to be
used with its known potential for avalanches, whicluse safety hazards and frequent road
blocks. The existing longer roads result in inceglasarbon dioxide emissions, though other
negative consequences to the environment will zerb Diesel generators in periods of

power outages must contihue to be used to  producdectrieity.
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10 Discussion/conclusion

It is important for coastal nations to explore,mplnd harness their coastal zones. In chapter
3.1, it was mentioned that, in 1281, a coastal aeag defined in Iceland and called the Net
Laws, today determined to be 115 meters seaward fhe low-water mark. Since then not
much has happened in coastal zone planning inndela order to harness coastal resources
in the most sensible way possible, planning of ¢bastal zone outside the Net Laws is
essential. Thorough research on benthic and méfenas well as study of the tidal regime
and morphology in the coastal zone is also needack of baseline information makes it
difficult to compare the feasibility of diverse peots. Available research is generally
associated with road construction and aquaculilioe.is it clear which government agencies
have jurisdiction for projects outside the Net LaRmojects may affect the sea surface, the sea
bottom or anywhere in between. There may or maypaassues of pollution associated with a
given project, and multiple stakeholders may beaoted in a variety of ways. With such
complexities involved, the careful planning and adstration of the coastal zone is essential

to avoid potential conflict in the future.

Few sites in the world are suitable for barrage groplants. The tidal range must be high in
the area and some kind of natural lagoon or fjbet tan be crossed in an economical way
should be present. Some tidal power plants have bae for decades with good energy
production. Others are in the construction phaseneSpotential sites are in areas that are
environmentally too sensitive for barrage powernda Barrage tidal power plants are a
proven method of electricity generation and aresm®red both safe and economically viable.

If the barrage already exists or will be built bes@a a new road is necessary, it makes sense to

consider a tidal power plant as part of that barag

The Icelandic road administration is planning a mead across Porskafjordur, Gufufjorour
and Djupifjorour. In-depth analysis should be coetgdl to determine if a tidal power plant

would be cost-effective when built in conjunctioftwa new road.
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Available research shows that building roads acfjosds has little effect on the environment.
Though a new road barrage may cause damage todseatkhe road line, the overall beach
structures as well as a plethora of organic flovd fauna in the Breidafjorour area, is durable
and abundant. With full water exchange, water gyalill be unaffected and tidal regime will

not alter significantly.

Construction which crosses borskafjorour and inesua tidal power plant will be economical
for the Icelandic road administration because mmddrd bridge is necessary. Instead of a
passive bridge, the bridge-barrage will producetelgty. The road to isafjérdur, the biggest
community in the Westfjords, will be about 15 knoskr, and the ongoing dispute about a
proposed road through Teigsskogur will be resolvdts area is outside both earthquake and
volcanic eruption zones, unlike most other powantd in Iceland. Employment in the area
will increase and help combat economic downturn dedopulation. Also, more electric

power is needed in the system for diverse indissthiat are proposed in Iceland.

By installing a tidal power plant into the existingad in Gilsfjérdur, the investment already
made in the barrage will mean construction canrbggickly and be of shorter duration. With
a tidal power plant, the water exchange in Gilgfigrwill be increased to its maximum, with
the associated positive benefits to water qualitye decreased salinity of the fjord since the
crossing was completed will increase to its prewel. The tidal range within the dam area
will also be closer to conditions prior to constrag, and flora and fauna in the area will

revitalize.

Tidal power plants around the world attract togristhich in turn will boost the local

economy.

Data collected for this thesis indicates that ttreasn velocity is too slow for the marine

current turbine technology of today to be econoityidaasible.

Table 25 compares four alternatives: tidal barréiga) current, upgrading of the grid and or
making no changes, by grading social and techncddgnpact as well as impact on economy

and environment. The ranking for each criteriofrasn 1 if it is considered to have no
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change, is not applicable or is the poorest chimceif it is considered to have much positive
change or is the best choice and is based on iatoymin the thesis. The maximum score for
each criterion is 25 and the highest cumulative Imemms the most feasible choice. The
comparisons are adversely affected by the lackfairmation about the environmental and

social issues, as well as actual cost figuresdastuction.

Table 25 Comparison of alternatives in determiningeasibility
No Grid Current Tidal Barrage Tidal
Criterion Change | Upgrade | Mjoifj. | porskaf]. | Gilsfj. | porskafj.

Economic
Local economy 1 3 2 1 4 5
National economy 1 3 2 1 2 3
Benefit cost ratio 1 1 1 1 4 5
Gibrat ratio 1 1 1 1 3 4
Economic life span 1 1 2 2 5 5
Total 5 9 8 6 18 22
Social
Jobs 1 2 1 1 4 5
Population growth 1 1 1 1 3 4
Transportation 1 1 1 1 1 5
Tourism 2 1 1 1 3 5
Learning 1 1 4 4 5 5
Total 6 6 8 8 16 24
Technical
Current velocity 1 1 4 2 4 4
Tidal range 1 1 1 1 4 4
Distance from grid 1 1 2 3 5 4
Improve grid 1 5 2 2 5 5
Proven technology 1 5 2 2 5 5
Total 5 13 11 10 23 22
Environment
Bioimpact 5 5 5 5 4 4
Biodiversity 5 5 5 5 4 4
Fish stocks 5 5 4 4 3 3
Birds 5 5 4 4 5 5
Reclamation of
land 5 5 5 5 1 1
Total 25 25 23 23 17 17
Cumulative 41 53 50 47 74 85
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According to this study, a tidal current turbinedan the bridge over Mjoifjéréur, where the
design of the bridge mouth allows 3 m/s maximunrentr velocity, comes in forth place.
However it is not yet feasible to install tidal cemt turbines in the Westfjords because of the

high cost per kWh produced. More detailed studiayg alter these conclusions.

The most feasible choice indicated above is thetcoction of a barrage tidal power plant in

Porskafjordur with a similar construction in Gi&fur running a close second.

While it is not yet feasible to install currentltiimes to harness tidal energy in the Westfjords,
it is possible to build a barrage tidal power planborskafjorour in association with a new
road. Further studies are needed to gather betfermation about design, research and
construction cost. Further research is also indtab analyze how the construction of road

barrage power plant might alleviate the area’s mostal problem, depopulation.
Following are also recommended:

* A baseline and a long term environmental study.

» Further research and measurements of tidal currents

» Study of alternatives for storage and utilizatidreoergy.

» Study of the consequences of climate change ofegsels and its effect on tidal power
plants.

» That adoption of integrated coastal zone managemehé Westfjords.

» Meetings with stakeholders during early stages oy @roject for information

distribution and as a forum for public discussion.
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11 Summary

Insufficient electricity production in the Westfgts and high failure rate of the local
transmission systems promotes new possibilities digctricity generation in the area,
including the harnessing of tidal energy. To beeabldraw conclusions about the harnessing
of this energy source, information about tidal mrand current velocity is needed. While
some information about tidal range is availabledome locations and estimation is possible
using information collected in Reykjavik harborgsific information about measured tidal
currents in the Westfjords is scarce and requimedepth research beyond the scope of this
project’s limitations, specifically in longer measlg periods and more diverse sampling
locations, which may reveal faster currents. Th&imam speed measured was around one
meter per second so using tidal current turbineshéonessing energy in that slow flowing
current is not feasible. Harnessing tidal energngudarrage is a proven method, and the
study in this thesis shows that two locations @@eeially applicable. Those locations are in

Gilsfjérour and in the common mouth of Porskafjardjupifiordur and Gufufjordur.

Available assessments indicate that effects onetmaronment associated with a fjord-
crossing road are considered negligible. Stablelba#ructure and prolific small organism
flora and fauna are prevalent in the area and, fuithvater exchange, water quality should
not be altered. The social and economic effectédcloe positive for the area, with more job
opportunities associated with the tidal power plagtwell as an increase in the need for
accommodations and other services related to tivestondustry. Roads will improve, and the

main route to Isafjordur (Westfjord’s main town)liviie about 15 km shorter.

In Gilsfjorour, the barrage is already in placepast of the existing roadway. A power plant
will contribute to increased water exchange in Ilasin, which in turn will reestablish the
previous sea level and salinity, with a correspogdiestoration of the environment in the

fiord.
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Building a tidal power plant in the planned roadoss Porskafjorour, Djupifjorour and
Gufufjordur and using the common mouth of thosedfjoas new location for the road barrage
should be seriously pursued. Three problems arelviexs by a road across the common
mouth: a needed road would be built, a tidal poglant will generate electricity, and finally,
Teigsskogur would be preserved. Increased emplolyomportunities and a direct connection

to the main road would strengthen Reykhdlar village

This study sheds light on the feasibility of hasieg tidal power in the coastal zone of the
Westfjords of Iceland. More investigation may comfithese preliminary findings. The
conclusion confirms it is technically and enviromtadly feasible to build a tidal power plant
in bporskafjorour in association with a new road&ége, and recommends further study to gain

more in-depth information concerning design, reseand construction cost.
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A

Tide table for Reykjavik.

ALMANAK YFIR SJAVARFOLL

Almanaki® synir Gtreiknada haekkun og laekkun sjévar | Reykjavik fyrir hvern dag arsins,
Breyting sjavarfallabylgjunnar fra degi til dags og hiutfallsleg staerd hennar vid storstraum
og smastraum kemur greinilega fram & linuritinu.

Hverjum sélarhring er deilt nidur | tveggja klukkustundar bil og er sjavarheedin synd |
metrum midad vid nillfiét sidkorta. Med hjdlp linuritsins ma pvi azetla sjavarsioduna a
hverjum tima. Sé porf @ meiri nakvaemni er visad til toflu yfir sjavarioll vio Island, en i
beirri t6flu er timi og haed fiéds og fidru gefinn upp nakveemiega.

Stérstreymt er einum til tveim dogum eftir ad tungl er nytt eda fullt en smastreymt einum
til tveim dégum eftir fyrsta og sidasta kvartil. | aimanakinu er synt hvenaer kvartilaskipti
tungls verda.

. nytt tungl, 0 fyrsta kvartil, O fulittungl, () sidasta kvartil.

Vedur hefur talsverd ahrif & sjarvarstddun fra degi til dags, sérstaklega

loftprystingsbreyting. Pannig heekkar sjavaryfirbord um 0,1 metra, falll loftvog um 10
millibér og dfugt.

Til pess ad geta gert sér hugmynd um sjavarfallabygjuna @ 68rum stodum vid island en
i Reykjavik, eru tvé kort nedst & bladi hvers manadar. Annad kortid synir mismun fiodtima
umhverfis landid midad vid Reykjavik, en hitt synir hiutfallstdlu, sem gefur flédhaedina a
peim stad sem hlutfallstalan & vid, sé hin margioldud med flodhaed Reykjavikur.

Vi isafjardardjip er timamunurinn t.d. +2 klukkustundir og hiutfalistalan er 0,6.
bad taknar ad flédbylgjan er tveim klukkustundum sidar vid [safjardardiup en | Reykjavik
og ad flédhaedina | Isafjardardjipl megi finna med pvi ad margfalda flédhaedina i
Reykjavik med 0,6,
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Harmonic tide components, Reykjavik harbour.

pttur tidni h &h h 5h Ad 50 ) 50p
Z, 2.1825 0.0003 2.1848 0.0544

S, 0.0410667 0.0797 0.0004 0.0891 0.0310 307.0 0.3 311.3 32.9
Sea 0.0821373 0.0110 0.0004 0.0431 0.0239 185.3 2.3 199.3 88.6
M, 0.5443747 0.0072 0.0004 0.0249 0.0159 223.7 3.5 223.3 90.6
Mt 1.0158958 0.0065 0.0004 0.0205 0.0099 348.8 3.9 354.1 87.5
M¢ 1.0980331 0.0166 0.0004 0.0252 0.0125 217.9 1.4 217.1 60.2
2Q, 12.8542862 0.0024 0.0004 0.0033 0.0015 283.7 10.4 280.8 58.7
o, 12.9271398 0.0020 0.0004 0.0032 0.0016 304.9 12.6 297.6 71.1
Q 13.3986609 0.0134 0.0004 0.0135 0.0026 9.6 1.9 9.6 11.5
1 13.4715145 0.0019 0.0004 0.0028 0.0016 8.7 13.1 3.9 68.3
0, 13.9430356 0.0680 0.0004 0.0682 0.0025 65.1 0.4 65.3 3.1
MP; 14.0251728 0.0024 0.0004 0.0034 0.0019 61.8 10.3 57.5 55.6
M, 14.4920521 0.0029 0.0004 0.0048 0.0026 83.8 7.7 86.4 55.3
NO, 14.4966939 0.0057 0.0004 0.0082 0.0038 94.7 4.4 114.8 59.1
Xa 14.5695476 0.0015 0.0002 0.0026 0.0014 83.8 7.7 86.4 55.3
m 14.9178647 0.0029 0.0004 0.0038 0.0023 106.5 8.8 108.9 46.3
P, 14.9589314 0.0354 0.0004 0.0360 0.0034 110.6 0.7 110.8 4.9
S, 15.0000000 0.0036 0.0004 0.0057 0.0034 134.1 7.0 133.9 63.3
K, 15.0410686 0.1081 0.0004 0.1079 0.0032 117.2 0.2 117.6 1.8
U, 15.0821352 0.0030 0.0004 0.0038 0.0018 118.1 8.5 119.7 58.5
1 15.1232059 0.0024 0.0004 0.0037 0.0020 141.7 10.5 133.7 55.0
8, 15.5125896 0.0008 0.0004 0.0026 0.0013 124.8 29.9 129.7 76.4
1y 15.5854433 0.0052 0.0004 0.0057 0.0019 116.0 4.8 110.9 35.4
SO, 16.0569644 0.0018 0.0004 0.0032 0.0018 129.0 13.6 141.1 74.8
00, 16.1391017 0.0037 0.0004 0.0045 0.0024 115.2 5.8 115.6 30.5
0Q, 27.3416965 0.0013 0.0004 0.0039 0.0019 146.5 18.9 154.3 84.6
MNS, 27.4238337 0.0090 0.0004 0.0094 0.0023 105.2 2.8 106.1 15.0
2N, 27.8953548 0.0345 0.0004 0.0344 0.0033 142.0 0.7 142.4 5.0
™ 27.9682084 0.0395 0.0004 0.0398 0.0030 131.5 0.6 132.1 6.6
N, 28.4397295 0.2571 0.0004 0.2572 0.0055 161.4 0.1 161.4 1.2
v, 28.5125831 0.0475 0.0004 0.0477 0.0049 166.9 0.5 166.5 4.6
oP, 28.9019670 0.0027 0.0004 0.0082 0.0051 55.2 9.3 52.8 81.2
M, 28.9841042 1.3128 0.0004 1.3129 0.0098 183.4 0.0 183.4 0.9
MKS, 29.0662415 0.0013 0.0004 0.0074 0.0053 210.0 19.2 215.5 89.2
A 29.4556251 0.0072 0.0004 0.0090 0.0041 194.2 3.5 201.5 45.4
L, 29.5284789 0.0345 0.0004 0.0353 0.0080 202.7 0.7 202.4 12.4
L, 29.5377625 0.0087 0.0001 0.0089 0.0020 202.7 0.7 202.4 12.4
T, 29.9589333 0.0278 0.0004 0.0284 0.0050 214.1 0.9 214.5 10.1
S, 30.0000000 0.5141 0.0004 0.5139 0.0050 220.0 0.0 220.0 1.2
R, 30.0410686 0.0049 0.0004 0.0083 0.0050 246.0 5.1 251.3 56.3
K, 30.0821373 0.1457 0.0004 0.1460 0.0049 218.4 0.2 218.5 1.8
MSN, 30.5443747 0.0018 0.0004 0.0038 0.0028 43.3 13.9 64.4 76.5
KJ, 30.6265119 0.0078 0.0004 0.0081 0.0022 62.1 3.1 60.8 24.1
25M, 31.0158958 0.0031 0.0004 0.0044 0.0022 27.9 8.0 30.1 54.6
MO; 42.9271398 0.0021 0.0004 0.0034 0.0017 125.7 12.2 115.6 62.5
M; 43.4761563 0.0114 0.0004 0.0115 0.0011 221.1 2.2 221.0 6.8
SO, 43.9430356 0.0017 0.0004 0.0023 0.0016 155.0 15.0 140.9 58.5
MK 44.0251728 0.0015 0.0004 0.0022 0.0013 55.0 16.6 52.3 60.8
SKs 45.0410686 0.0052 0.0004 0.0055 0.0012 276.2 4.8 274.8 17.5
MN, 57.4238337 0.0053 0.0004 0.0054 0.0017 189.4 4.8 189.6 12.6
M, 57.9682084 0.0184 0.0004 0.0186 0.0038 195.8 1.4 195.2 6.4
SN, 58.4397295 0.0018 0.0004 0.0021 0.0008 206.7 13.9 203.5 35.2
MS, 58.9841042 0.0204 0.0004 0.0206 0.0028 231.9 1.2 231.9 8.3
MK, 59.0662415 0.0051 0.0004 0.0054 0.0016 249.6 4.8 250.3 14.4
S, 60.0000000 0.0024 0.0004 0.0028 0.0012 271.5 10.6 273.2 32.2
SK, 60.0821373 0.0018 0.0004 0.0022 0.0011 286.1 13.8 288.1 28.9
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2NMg 85.8635632 0.0022 0.0004 0.0032 0.0014 15.2 11.6 28.6 63.0
2MNg 86.4079379 0.0046 0.0004 0.0051 0.0015 70.3 5.4 70.1 20.8
Me 86.9523126 0.0022 0.0004 0.0030 0.0017 121.2 11.2 131.3 50.6
MSNs 87.4238337 0.0049 0.0004 0.0051 0.0012 65.8 5.1 66.1 14.9
2MSg 87.9682084 0.0130 0.0004 0.0132 0.0019 75.0 1.9 75.4 12.9
2MKe 88.0503457 0.0045 0.0004 0.0049 0.0011 74.0 5.6 77.2 22.8
SNKs 88.5218668 0.0003 0.0004 0.0026 0.0014 149.9 78.2 150.4 97.3
25Mg 88.9841042 0.0089 0.0004 0.0090 0.0014 173.7 2.8 175.1 10.8
MSKg 89.0662415 0.0043 0.0004 0.0045 0.0011 164.6 5.7 164.1 16.8
Se 90.0000000 0.0015 0.0004 0.0018 0.0009 244.4 17.2 245.4 54.2
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C Photos of bridges in crossings over fjords.

Onundarfjordur
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Kolgrafarfjordur
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Dyrafjorour
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D Current measurement data.

Data from Deild

YYYY/MM/DD
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009

hh:mm:ss
12:39:15
12:39:20
12:39:25
12:39:30
12:39:35
12:39:40
12:39:45
12:39:50
12:39:55
12:40:00
12:40:05
12:40:10
12:40:15
12:40:20
12:40:25
12:40:30
12:40:35
12:40:40
12:40:45
12:40:50
12:40:55
12:41:00
12:41:05
12:41:10
12:41:15
12:41:20
12:41:25
12:41:30
12:41:35
12:41:40
12:41:45
12:41:50
12:41:55
12:42:00
12:42:05

Velo[cm/s]
15.2
22.1
27.9
27.8
38.3
33.9
33.9
28.3
34.3
33.4
36.5
20.3
24.9
24.9

29
21.2
21.1
28.1
28.6
26.9
24.6
26.5
31.3
23.5

30
30.3
26.8
24.2
35.4
30.4
23.5
26.4
314
30.3
26.3

Dir[Deg]
278.1
255.7
258.6
279.1
256.9
260.9
251.9
250.9
238.5
245.8
239.2
250.3
253.1
236.2
257.5
276.7

248
244.5
251.8
271.6
264.2
242.8
239.8
262.3
250.2
243.6
258.5
242.2
257.5
248.9
254.3
256.1

236
239.9
240.1

Leidrétt -

20°

258.1
235.7
238.6
259.1
236.9
240.9
231.9
230.9
218.5
225.8
219.2
230.3
233.1
216.2
237.5
256.7

228
224.5
231.8
251.6
244.2
222.8
219.8
242.3
230.2
223.6
238.5
222.2
237.5
228.9
234.3
236.1

216
219.9
220.1

EW[cm/s]
-15.1
-21.4
-27.4
-27.5
-37.3
-33.5
-32.2
-26.7
-29.2
-30.4
-31.3
-19.2
-23.8
-20.7
-28.3

-21
-19.5
-25.4
-27.2
-26.9
-24.5
-23.5

-27
-23.3
-28.2
-27.1
-26.2
-21.4
-34.6
-28.3
-22.6
-25.6

-26
-26.2
-22.8

NS[cm/s]
2.2
-5.5
-5.5
4.4
-8.7
-54
-10.6
-9.3
-17.9
-13.7
-18.7
-6.8
-7.2
-13.9
-6.3
2.5
-7.9
-12.1
-8.9
0.7
-2.5
-12.1
-15.8
-3.2
-10.2
-13.5
-5.3
-11.3
-7.7
-10.9
-6.4
-6.4
-17.6
-15.2
-13.1

Temp[Deg
10.34
10.34
10.34
10.34
10.34
10.34
10.34
10.34
10.34
10.34
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.34
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.34
10.33
10.33
10.33
10.33
10.34
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17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009

12:42:10
12:42:15
12:42:20
12:42:25
12:42:30
12:42:35
12:42:40
12:42:45
12:42:50
12:42:55
12:43:00
12:43:05
12:43:10
12:43:15
12:43:20
12:43:25
12:43:30
12:43:35
12:43:40
12:43:45
12:43:50
12:43:55
12:44:00
12:44.05
12:44:10
12:44:15
12:44:20
12:44:25
12:44:30
12:44:35
12:44:40
12:44:45
12:44:50
12:44:55
12:45:00
12:45:05
12:45:10
12:45:15
12:45:20
12:45:25
12:45:30
12:45:35
12:45:40

30.8
33.1
27.2
29.9
22.5
20.8
254
26.3
26.5
26.8
18.6
29.7
27.6
30.3
27.3
335
22.1
30.9
27.7
26.2
24.1
26.2
331
31.7
29.6
29.1
25.1
27.4
27.3
23.3
25.6
25.5
29.6
29.1
30.5
21.6
31.2
27.2
30.1
30.9
29.8

28
32.4

268.8
226.5
249.4
231.4
265.4

263
248.3
239.9
236.4
248.1
273.3
252.5
268.5
262.9
243.3
256.8
256.8
267.9
230.9
253.6
266.7
2441

239
231.8
241.7
241.2
259.3
238.1
258.2
252.1
253.4
254.2
240.5
255.3
240.6

254
253.7

235
256.2
232.9
246.3
242.6
252.9

248.8
206.5
229.4
211.4
2454

243
228.3
219.9
216.4
228.1
253.3
232.5
248.5
242.9
2233
236.8
236.8
247.9
210.9
233.6
246.7
224.1

219
211.8
221.7
221.2
239.3
218.1
238.2
232.1
233.4
234.2
220.5
235.3
220.6

234
233.7

215
236.2
212.9
226.3
222.6
232.9

-30.7

-25.5
-23.3
-22.4
-20.7
-23.6
-22.7
-22.1
-24.9
-18.6
-28.3
-27.6

-30
-24.4
-32.7
-21.6
-30.9
-21.5
-25.2

-24
-23.6
-28.3
-24.9
-26.1
-25.5
-24.7
-23.2
-26.7
-22.2
-24.6
-24.6
-25.8
-28.2
-26.6
-20.8
-29.9
-22.3
-29.2
-24.6
-27.3
-24.9
-30.9

-0.6
-22.8
-9.5
-18.7
-1.8
-2.5
-9.4
-13.2
-14.7
-10
11
-8.9
-0.7
-3.7
12.3
-7.6
-5.1
-11
-17.5
-7.4
-1.4
-11.4
-17
-19.6
-14.1
-14
-4.7
-14.5
-5.6
-7.2
-7.3
-6.9
-14.6
-7.4
-15

-8.8
-15.6
-7.2
-18.6
-12
-12.9
-9.5

10.33
10.33
10.33
10.33
10.34
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.34
10.33
10.34
10.34
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.34
10.34
10.34
10.34
10.34
10.34
10.33
10.33
10.33
10.33
10.33
10.33
10.33
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17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009

12:45:45
12:45:50
12:45:55
12:46:00
12:46:05
12:46:10
12:46:15
12:46:20
12:46:25
12:46:30
12:46:35
12:46:40
12:46:45
12:46:50
12:46:55
12:47:00
12:47:05
12:47:10
12:47:15
12:47:20
12:47:25
12:47:30
12:47:35
12:47:40
12:47:45
12:47:50
12:47:55
12:48:00
12:48:05
12:48:10
12:48:15
12:48:20
12:48:25
12:48:30
12:48:35
12:48:40
12:48:45
12:48:50
12:48:55
12:49:00
12:49:05
12:49:10
12:49:15

22
321
24.2
33.7

31
36.2
26.5
35.7
29.1

32
255
17.2
28.1
25.3
23.2
27.4
26.1
33.7
22.3
31.2
23.3
24.6
32.9
29.2
28.9
30.2
28.7
24.8

30
28.8

32
26.9
28.2
14.4
23.3
214
23.2
24.6
19.2
23.1
22.2
24.5
29.2

243.5
237.2
239.6
247.4
256.7
239.1
256.5
245.2
242.1
250.4
239.2
265.3
245.3
264.2
231.3
236.1
264.1
236.9
255.9
229.6
250.5
240.1
243.9
260.4

250
236.3

262
249.9
259.3
244.4
263.1
256.6
228.5
239.9
247.5
244.3
260.2
216.1
247.5
247.7

244
245.2
260.4

223.5
217.2
219.6
2274
236.7
219.1
236.5
225.2
222.1
230.4
219.2
245.3
225.3
244.2
211.3
216.1
2441
216.9
235.9
209.6
230.5
220.1
223.9
240.4

230
216.3

242
229.9
239.3
224.4
243.1
236.6
208.5
219.9
227.5
224.3
240.2
196.1
227.5
227.7

224
225.2
240.4

-19.7

-20.9
-31.1
-30.2

-25.8
-32.4
-25.7
-30.1
-21.9
-17.1
-25.6
-25.2
-18.1
-22.7

-26
-28.2
-21.6
-23.7

-22
-21.4
-29.6
-28.8
-27.2
-25.1
-28.4
-23.3
-29.5

-26
-31.7
-26.1
-21.1
-12.5
-21.5
-19.3
-22.9
-14.5
-17.8
-21.4
-19.9
-22.3
-28.8

-9.8
-17.4
-12.3
-12.9

-7.1
-18.6

-6.2

-15
-13.6
-10.7
-13.1

-1.4
-11.7

-2.6
-14.5
-15.3

-2.7
-18.4

-5.4
20.2
-7.8
-12.3
-14.5

-4.9

-9.9
-16.8

-8.5
-5.6
-12.4
-3.8
-6.2
-18.7
-7.2
-8.9
-9.3
-3.9
-19.9
-7.4
-8.8
-9.7
-10.3
-4.9

10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33



157

17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009

12:49:20
12:49:25
12:49:30
12:49:35
12:49:40
12:49:45
12:49:50
12:49:55
12:50:00
12:50:05
12:50:10
12:50:15
12:50:20
12:50:25
12:50:30
12:50:35
12:50:40
12:50:45
12:50:50
12:50:55
12:51:00
12:51:05
12:51:10
12:51:15
12:51:20
12:51:25
12:51:30
12:51:35
12:51:40
12:51:45
12:51:50
12:51:55
12:52:00
12:52:05
12:52:10
12:52:15
12:52:20
12:52:25
12:52:30
12:52:35
12:52:40
12:52:45
12:52:50

28.5
27.3
29.1
32.6
27.7
30.8
38.5
31.6
31.7
23.5
26.6
27.6

33
29.2
28.6

28
32.7
29.1
29.6
28.5
28.4
25.2
24.6
29.5
22.6
19.3
22.5
25.9
15.4

33

18
24.9

20
24.4
22.6
24.7
23.2
26.5
29.8
22.8
313
29.9
27.9

240.9
260.9
252.8
230.4
234.9
239.4
238.6
236.3
238.4
259.6
232.6
253.1
240.3

251
250.7

267
253.4
260.2
283.8
239.3
268.3
246.2
271.3
241.8
248.3
277.6
248.5
240.4
244.6
236.1
255.3
224.5
253.2
244.6
261.5
250.4
249.9
241.7
243.2
240.1
241.6
242.1
241.1

-13.8

-14.6
-0.8
-10.2
0.6
-14
-8.4
2.5
-8.2
-12.8
-6.6
-18.4

-17.8

10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
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17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009

12:52:55
12:53:00
12:53:05
12:53:10
12:53:15
12:53:20
12:53:25
12:53:30
12:53:35
12:53:40
12:53:45
12:53:50
12:53:55
12:54:00
12:54.05
12:54:10
12:54:15
12:54:20
12:54:25
12:54:30
12:54:35
12:54:40
12:54:45
12:54:50
12:54:55
12:55:00
12:55:05
12:55:10
12:55:15
12:55:20
12:55:25
12:55:30
12:55:35
12:55:40
12:55:45
12:55:50
12:55:55
12:56:00
12:56:05
12:56:10
12:56:15
12:56:20
12:56:25

321
30.9
30.8
254
30.8
24.5
29.3
18.8
24.3
25.9
17.2
24.6
31.2
26.1
29.8
28.4
23.7

38
29.9
30.7
32.9
24.6
18.9
19.4
215
20.8
19.9
23.8
31.2
19.6
19.9
20.6
31.7
34.5
26.9

31
17.8
32.2
26.4

23

27
28.3
27.5

230.1
253.9
234.6
250.3
256.3
263.5
218.2
272.5
2441
235.2
270.8
237.3
229.1
226.5
259.5
255.1
264.2
248.5
243.5
257.4
242.6
214.3
252.5
243.7
267.9

233
244.7
231.8
242.5
245.7
225.3
242.1

247
231.2
240.2
242.7
228.3

244
236.6
248.6
250.3
245.7
226.7

210.1
233.9
214.6
230.3
236.3
243.5
198.2
252.5
224.1
215.2
250.8
217.3
209.1
206.5
239.5
235.1
244.2
228.5
223.5
237.4
222.6
194.3
232.5
223.7
247.9

213
224.7
211.8
222.5
225.7
205.3
222.1

227
211.2
220.2
222.7
208.3

224
216.6
228.6
230.3
225.7
206.7

-24.6
-29.7
-25.1
-23.9
-29.9
-24.4
-18.1
-18.8
-21.8
-21.2
-17.2
-20.7
-23.6
-18.9
-29.3
-27.5
-23.6
-35.3
-26.7

-29.2
-13.9
-18.1
-17.4
-21.5
-16.6

-18
-18.7
-27.7
-17.8
-14.2
-18.2
-29.2
-26.9
-23.4
-27.5
-13.3
-28.9

-22
-21.5
-25.4
-25.8

-20.6

-11.7
-18.9

10.33
10.33
10.34
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
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17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009

12:56:30
12:56:35
12:56:40
12:56:45
12:56:50
12:56:55
12:57:00
12:57:05
12:57:10
12:57:15
12:57:20
12:57:25
12:57:30
12:57:35
12:57:40
12:57:45
12:57:50
12:57:55
12:58:00
12:58:05
12:58:10
12:58:15
12:58:20
12:58:25
12:58:30
12:58:35
12:58:40
12:58:45
12:58:50
12:58:55
12:59:00
12:59:05
12:59:10
12:59:15
12:59:20
12:59:25
12:59:30
12:59:35
12:59:40
12:59:45
12:59:50
12:59:55
13:00:00

224
35.8
28.3
244
27.8
22.7
24.6
25.2

36
20.3
33.1

21

30
29.5
28.3
22.9
27.5
27.5
25.2
30.3

17
24.6
26.7
15.4
17.5
19.5
28.1
17.2
29.8
26.9
26.1
27.6
29.4
21.2
26.5
21.6
26.1

25
28.9
19.2
23.8
21.7
27.4

251.7
254.6
235.8
254.8
257.3

268
243.7
245.7
230.2
253.6

243

240

245

262
248.6
260.1
243.6
245.1
244.8
237.5
254.6
232.3
241.9
266.6
262.9
234.6
251.7
247.1
240.4
235.9
242.7

242
247.8
246.9
243.5
250.6
249.7
250.7
243.6
267.1
243.9
301.1
239.8

231.7
234.6
215.8
234.8
237.3

248
223.7
225.7
210.2
233.6

223

220

225

242
228.6
240.1
223.6
225.1
224.8
217.5
234.6
212.3
221.9
246.6
242.9
214.6
231.7
227.1
2204
215.9
222.7

222
227.8
226.9
223.5
230.6
229.7
230.7
223.6
247.1
223.9
281.1
219.8

-21.3
-34.5
-23.4
-23.5
-27.2
-22.7
-22.1

-23
-27.7
-19.5
-29.5
-18.2
-27.2
-29.2
-26.3
-22.6
-24.6
-24.9
-22.8
-25.6
-16.4
-19.4
-23.6
-15.4
-17.4
-15.9
-26.7
-15.8
-25.9
-22.3
-23.2
-24.4
-27.2
-19.5
-23.7
-20.4
-24.5
-23.6
-25.9
-19.2
-21.4
-18.6
-23.7

-9.5
-15.9
-6.4
-6.1
-0.8
-10.9
-10.4
-23.1
-5.7
-15
-10.5
-12.7
-4.1
-10.3
-3.9
-12.2
-11.6
-10.7
16.3
-4.5
-15
-12.6
-0.9
-2.2
-11.3
-8.8
-6.7
-14.7
-15.1
-12
-13
-11.1
-8.3
-11.8
-7.2
-9.1
-8.3
-12.8

-10.5
11.2
-13.8

10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
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17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009
17.8.2009

13:00:05
13:00:10
13:00:15
13:00:20
13:00:25
13:00:30
13:00:35
13:00:40
13:00:45
13:00:50
13:00:55
13:01:00
13:01:05
13:01:10
13:01:15
13:01:20
13:01:25
13:01:30
13:01:35
13:01:40
13:01:45
13:01:50
13:01:55
13:02:00
13:02:05
13:02:10
13:02:15
13:02:20
13:02:25
13:02:30
13:02:35
13:02:40
13:02:45
13:02:50
13:02:55
13:03:00
13:03:05
13:03:10
13:03:15
13:03:20
13:03:25
13:03:30
13:03:35

20.1
24.2
19.8
23.9
27.6
29.6
32.1
18.7
33.9

26
32.6
27.1
24.8
24.1
27.2
27.2
23.3
224
24.7
29.4
23.2
24.6
284
27.1
29.4

18
25.9

25
24.6

25
27.3
23.6
16.3
25.8
20.6
28.9
214
29.8

26
24.7
30.1
30.8
28.1

244.7
230.9
276.1

259
243.9

260
237.4
255.3
255.1
255.4

234

243
274.7
241.3
249.4
284.6
272.3
247.7
274.7
238.9
276.1

264
244.3
276.1
245.3
244.4
257.6
235.3
264.5
203.4
253.3
241.2
246.6
230.2
2441
226.6
251.7
235.8

244
247.2
243.5
245.7
248.6

224.7
210.9
256.1

239
223.9

240
217.4
235.3
235.1
2354

214

223
254.7
221.3
229.4
264.6
252.3
227.7
254.7
218.9
256.1

244
224.3
256.1
225.3
224.4
237.6
215.3
244.5
183.4
233.3
221.2
226.6
210.2
2241
206.6
231.7
215.8

224
227.2
223.5
225.7
228.6

-18.2
-18.8
-19.6
-23.4
-24.8
-29.2

-27
-18.1
-32.8
-25.2
-26.4
-24.1
-24.7
-21.1
-25.4
-26.3
-23.3
-20.7
-24.6
-25.2

-23
-24.4
-25.6

-26.7
-16.2
-25.3
-20.5
-24.5
-9.9
-26.1
-20.7
-15
-19.8
-18.5
-21
-20.3
-24.7
-23.3
-22.8
-26.9
-28.1
-26.2

-8.6
-15.2
2.1
-4.5
-12.1
-5.1
-17.3
-4.7
-8.7
-6.6
-19.1
-12.3

-11.6
-9.6
6.9

-8.5

15.2
2.5
-2.6
-12.3
2.9
-12.3
-7.8
-5.6
-14.2
-2.4
-22.9
-7.8
-11.4
-6.5
-16.5

-19.9

-6.7
-16.8
-11.4

-9.6
-13.4
-12.7
-10.2

10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33
10.33



161

17.8.2009
17.8.2009
17.8.2009
17.8.2009

High tide:
Flatey - 17:37

18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

13:03:40
13:03:45
13:03:50
13:03:55

18:31:50
18:31:55
18:32:00
18:32:05
18:32:10
18:32:15
18:32:20
18:32:25
18:32:30
18:32:35
18:32:40
18:32:45
18:32:50
18:32:55
18:33:00
18:33:05
18:33:10
18:33:15
18:33:20
18:33:25
18:33:30
18:33:35
18:33:40
18:33:45
18:33:50
18:33:55
18:34:00
18:34:05
18:34:10
18:34:15
18:34:20

341
28.2
313
333

259
255.9
246
246.9

239
235.9
226
226.9

borskafjordur data from measuring

equipment

hradi cm/sek
48
34.8
37.8
39.9
50.1
57
38.5
42.2
46.4
57.7
51.5
42
28.3
46.6
56.8
50.7
44.8
45.8
345
35.9
39.1
41.6
39.1
37.9
43.4
46.4
48.5
47.3
40.4
49.9
53.4

stefna
310.7
2994
206.8
193.5
171
2054
228.2
292
323.8
331.2
330
319.4
250.5
187
178.4
2145
201.9
211.8
238.7
308.2
306.5
311.7
315
249.1
193.7
212.4
212.9
209.8
273
318.1
343.3

leidrétt -20°
290.7
279.4
186.8
173.5
151
185.4
208.2
272
303.8
311.2
310
299.4
230.5
167
158.4
194.5
181.9
191.8
218.7
288.2
286.5
291.7
295
229.1
173.7
192.4
192.9
189.8
253
298.1
323.3

a/v

-33.5
-27.3
-28.6
-30.7

-36.4
-30.3
-17.1
9.3
7.8
24.4
-28.7
-39.2
-27.4
-27.8
-25.8
273
-26.7
-5.7
1.6
-28.7
-16.7
-24.1
-29.5
-28.2
-31.4
-31.1
-27.6
-35.4
-10.3
-24.9
-26.3
-23.5
-40.4
333
-15.4

n/s

-6.5
-6.9
-12.8
-13.1

313
17.1
-33.8
-38.8
-49.5
-51.5
-25.6
15.8
374
50.6
44.6
31.9
-9.5
-46.3
-56.7
-41.8
-41.5
-38.9
-17.9
22.2
23.2
27.7
27.6
-13.5
-42.2
-39.1
-40.7

2.1
37.1
51.1

10.33
10.33
10.33
10.33

hiti

12.2
12.21
12.22
12.21

12.2

12.2

12.2
12.21
12.21
12.21
12.21
12.21
12.21
12.21
12.21
12.21
12.22
12.22
12.22
12.22
12.22
12.22
12.23
12.22
12.23
12.23
12.22
12.22
12.22
12.22
12.21
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

18:34:25
18:34:30
18:34:35
18:34:40
18:34:45
18:34:50
18:34:55
18:35:00
18:35:05
18:35:10
18:35:15
18:35:20
18:35:25
18:35:30
18:35:35
18:35:40
18:35:45
18:35:50
18:35:55
18:36:00
18:36:05
18:36:10
18:36:15
18:36:20
18:36:25
18:36:30
18:36:35
18:36:40
18:36:45
18:36:50
18:36:55
18:37:00
18:37:05
18:37:10
18:37:15
18:37:20
18:37:25
18:37:30
18:37:35
18:37:40
18:37:45
18:37:50
18:37:55

55
42
32

41.8

53.1

47.2

49.6

38.9

33.9

40.8
47

43.2
49

33.3

50.7

47.8

43.7

44.5

41.4

45.9

53.1

49.9

43.9
42

59.3

57.7

55.7

55.5
40

40.8

36.7

39.8

36.8

37.6

29.3

35.1

41.3

46.3
40

35.3

45.2

40.6

47.4

313.8
287.1
238.7

204
191.8
190.8
197.6
238.5
294.7
318.3
316.6
342.1
259.8
242.8

182
190.5
197.8
231.6
289.5
290.8
310.6
314.6
293.7
231.9
201.4
195.1

206
227.4
231.2
268.9
304.3
316.1
267.1

249
257.9

269
290.9

267
304.6
268.6

234
213.8
2221

293.8
267.1
218.7

184
171.8
170.8
177.6
218.5
274.7
298.3
296.6
322.1
239.8
222.8

162
170.5
177.8
211.6
269.5
270.8
290.6
294.6
273.7
211.9
181.4
175.1

186
207.4
211.2
248.9
284.3
296.1
247.1

229
237.9

249
270.9

247
284.6
248.6

214
193.8
202.1

-39.7
-40.1
-27.3
-17
-10.8
-8.9
-15
-33.2
-30.8
-27.1
-32.2
-13.3
-48.2
-29.6
-1.8
-8.7
-13.3
-34.8

-42.9
-40.3
-35.5
-40.2
-33.1
-21.6
-15.1
-24.4
-40.8
-31.2
-40.8
-30.3
-27.6
-36.8
-35.1
-28.7
-35.1
-38.6
-46.3

-35.3
-36.5
-22.6
-31.8

38.1
123
-16.6
-38.2
-51.9
-46.4
-47.3
-20.3
14.1
30.5
34.1
41.2
-8.6
-15.2
-50.7

-41.6
-27.6
13.8
16.3
34.6
35
17.6
-25.9
-55.2
-55.7
-50
-37.6

-0.8
20.7
28.7

-1.9

-13.4

-6.2

-0.6
14.7

-2.4
22.7

-0.9

-26.6
-33.7
-35.2

12.22
12.22
12.22
12.23
12.23
12.23
12.22
12.22
12.22
12.21
12.22
12.22
12.23
12.22
12.23
12.23
12.23
12.23
12.23
12.24
12.24
12.23
12.24
12.24
12.24
12.23
12.23
12.23
12.23
12.22
12.22
12.22
12.23
12.23
12.23
12.22
12.23
12.24
12.24
12.23
12.23
12.23
12.24
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

18:38:00
18:38:05
18:38:10
18:38:15
18:38:20
18:38:25
18:38:30
18:38:35
18:38:40
18:38:45
18:38:50
18:38:55
18:39:00
18:39:05
18:39:10
18:39:15
18:39:20
18:39:25
18:39:30
18:39:35
18:39:40
18:39:45
18:39:50
18:39:55
18:40:00
18:40:05
18:40:10
18:40:15
18:40:20
18:40:25
18:40:30
18:40:35
18:40:40
18:40:45
18:40:50
18:40:55
18:41:00
18:41:05
18:41:10
18:41:15
18:41:20
18:41:25
18:41:30

42.2
28.7
43.3
40.4
44.2
48.6
48.6
47.8
34.4
34.3
46.6
42.3
47.8
45.3
49.3
36.3
51.2
37.9
43.6
40.2
40.2

50
45.2
43.7
42.1
43.3
62.3
58.4

48
51.3
52.9
54.3
61.3
34.4
46.2
46.6
44.7
35.9
38.7
41.3
33.1
48.8
51.2

215
235.6
271.2
302.8
301.9
301.7
274.2
273.7

277
232.5
269.3
228.9
186.2
252.6
258.3
278.5
270.8
294.7
288.1
287.5
266.3
3123
271.3
272.1
239.6
231.2
206.8
210.5
219.3
298.6
288.4
309.2
303.5
247.4
212.1
247.3
255.2
266.7
293.2
248.9
248.8
238.1

246

195
215.6
251.2
282.8
281.9
281.7
254.2
253.7

257
212.5
249.3
208.9
166.2
232.6
238.3
258.5
250.8
274.7
268.1
267.5
246.3
292.3
251.3
252.1
219.6
211.2
186.8
190.5
199.3
278.6
268.4
289.2
283.5
227.4
192.1
227.3
235.2
246.7
273.2
228.9
228.8
218.1

226

-24.2
-23.7
-43.3
-33.9
-37.5
-41.4
-48.5
-47.7
-34.2
-27.2
-46.6
-31.9

-5.1
-43.2
-48.3
-35.9
-51.2
-34.5
-41.4
-38.4
-40.1

-45.2
-43.6
-36.3
-33.7
-28.1
-29.7
-30.4

-50.2
-42.1
-51.1
-31.8
-24.5

-43.2
-35.8
-35.6
-38.6
-30.9
-41.4
-46.8

-34.6
-16.2
0.9
21.9
23.3
255
3.5
3.1
4.2
-20.9
-0.6
-27.8
-47.5
-13.6
-10
5.4
0.7
15.9
13.5
12.1
-2.6
33.7

1.6
-21.3
-27.1
-55.6
-50.3
-37.1

24.6
16.7
34.3
33.8
-13.2
-39.2

-18

-11.4
-2.1
15.2

-14.9

-12
-25.8
-20.8

12.23
12.23
12.23
12.22
12.22
12.24
12.24
12.23
12.24
12.22
12.23
12.24
12.24
12.23
12.23
12.23
12.24
12.23
12.24
12.23
12.23
12.24
12.24
12.24
12.24
12.23
12.23
12.25
12.24
12.25
12.26
12.26
12.27
12.26
12.24
12.23

12.3
12.24
12.22
12.29

12.3
12.27

12.3
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

18:41:35
18:41:40
18:41:45
18:41:50
18:41:55
18:42:00
18:42:05
18:42:10
18:42:15
18:42:20
18:42:25
18:42:30
18:42:35
18:42:40
18:42:45
18:42:50
18:42:55
18:43:00
18:43:05
18:43:10
18:43:15
18:43:20
18:43:25
18:43:30
18:43:35
18:43:40
18:43:45
18:43:50
18:43:55
18:44:00
18:44:05
18:44:10
18:44:15
18:44:20
18:44:25
18:44:30
18:44:35
18:44:40
18:44:45
18:44:50
18:44:55
18:45:00
18:45:05

426
43.4
43.5
39.2
35.1
45.2
45.7
43.8
42.6
36.9
36.2

44
41.4
50.7
50.3
56.7
715

59

53
60.5
49.9
42.9
39.9
32.8
43.7
44.7
43.8
47.4
48.6
52.9
47.1
43.1
49.7
53.8

61
53.1

45
53.6
57.7
45.4
45.8
52.4
45.3

243.7
268.5
262.7
277.2
283.4
259.2
265.8
244.2

246
276.5

292
265.3
261.6
227.9
2445
191.6
209.1
197.8
287.3
285.7
268.2
291.2
221.3
253.1
229.7
226.4
226.4
250.8
296.1
292.7
289.7
249.6
223.3
209.3
204.6
205.6
249.2
306.1
301.6
280.5
273.1
235.9
222.2

223.7
248.5
242.7
257.2
263.4
239.2
245.8
224.2

226
256.5

272
245.3
241.6
207.9
224.5
171.6
189.1
177.8
267.3
265.7
248.2
271.2
201.3
233.1
209.7
206.4
206.4
230.8
276.1
272.7
269.7
229.6
203.3
189.3
184.6
185.6
229.2
286.1
281.6
260.5
253.1
215.9
202.2

-38.2
-43.4
-43.2
-38.9
-34.1
-44.4
-45.5
-39.5
-38.9
-36.7
-33.6
-43.9

-37.6
-45.4
-11.4
-34.8

-18
-50.6
-58.2
-49.9

-26.4
-31.4
-33.3
-32.4
-31.7
-44.8
-43.6
-48.8
-44.4
-40.4

-26.4
-25.4
-22.9
-42.1
-43.3
-49.2
-44.6
-45.8
-43.4
-30.4

-18.8
-11
-5.5

4.9
8.1
-8.5
-3.3
-19.1
-17.3
4.2
13.6
-3.6

-34
-21.7
-55.5
-62.4
-56.2

15.8
16.4
-1.6
15.5
-30
-9.5
-28.3
-30.8
-30.2
-15.6
21.3
20.4
15.9

-15
-36.2
-46.9
-55.5
-47.9

-16

31.6
30.2

8.2

2.5
-29.4
-33.6

12.27
12.29
12.28
12.31
12.29
12.28

12.3
12.31
12.31
12.28
12.23
12.28
12.31
12.29
12.28
12.26
12.31
12.32
12.33
12.33
12.33
12.31
12.31

12.3

12.3
12.32
12.33
12.33
12.31
12.32
12.33
12.31

123
12.31
12.33
12.35
12.35
12.32
12.32
12.32
12.34
12.36
12.36



165

18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

18:45:10
18:45:15
18:45:20
18:45:25
18:45:30
18:45:35
18:45:40
18:45:45
18:45:50
18:45:55
18:46:00
18:46:05
18:46:10
18:46:15
18:46:20
18:46:25
18:46:30
18:46:35
18:46:40
18:46:45
18:46:50
18:46:55
18:47:00
18:47:05
18:47:10
18:47:15
18:47:20
18:47:25
18:47:30
18:47:35
18:47:40
18:47:45
18:47:50
18:47:55
18:48:00
18:48:05
18:48:10
18:48:15
18:48:20
18:48:25
18:48:30
18:48:35
18:48:40

54
51.8
52.5
49.1
52.2
52.4
46.6

50
40.4

54
54.5
54.2
54.3
53.8
51.8
49.9
52.8

36
58.2
47.7

50
53.1
55.3
49.2
50.1

46
47.9
40.5
56.7
56.6
61.5
56.4
61.3
54.4
45.4
49.6
62.4
71.2
52.9
60.2
50.9
55.2
51.4

2141
220
282

270.7

3111

309.3

276.3

248.9

222.2

217.5

229.8

230.1

282.6

268.4

289.5

306.1

273.6

255.1

206.3

214.2

235.2

239.2

284.4
317

269.2

262.9

237.6

226.4

223.5

231.8

232.3

272.2

289.3

325.2

288.9

235.8

197.7

201.1

217.9

251.9
247

253.4

304.1

194.1
200
262

250.7

291.1

289.3

256.3

228.9

202.2

197.5

209.8

210.1

262.6

248.4

269.5

286.1

253.6

235.1

186.3

194.2

215.2

219.2

264.4
297

249.2

242.9

217.6

206.4

203.5

211.8

212.3

252.2

269.3

305.2

268.9

215.8

177.7

181.1

197.9

231.9
227

233.4

284.1

-44.7
-39.7
10.9
0.6
34.3
33.2
5.1
-18
-29.9
-42.9
-35.2
-34.8
11.8
-1.5
17.3
294
3.3
-9.2
-52.2
-39.4
-28.5
-27.2
13.8
36
-0.7
-5.7
-25.6
-28
-41.1
-35
-37.6
2.2
20.3
44.6
14.7
-27.9
-59.5
-66.4
-41.8
-18.7
-19.9
-15.8
28.9

12.35
12.34
12.34
12.35
12.34
12.33
12.33
12.34
12.33
12.33
12.33
12.34
12.35
12.34
12.33
12.33
12.33
12.34
12.35
12.33
12.33
12.35
12.36
12.36
12.34
12.35
12.33
12.33
12.33
12.35
12.37
12.37
12.36
12.35
12.34
12.35
12.35
12.36
12.37
12.37
12.37
12.37
12.37
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

18:48:45
18:48:50
18:48:55
18:49:00
18:49:05
18:49:10
18:49:15
18:49:20
18:49:25
18:49:30
18:49:35
18:49:40
18:49:45
18:49:50
18:49:55
18:50:00
18:50:05
18:50:10
18:50:15
18:50:20
18:50:25
18:50:30
18:50:35
18:50:40
18:50:45
18:50:50
18:50:55
18:51:00
18:51:05
18:51:10
18:51:15
18:51:20
18:51:25
18:51:30
18:51:35
18:51:40
18:51:45
18:51:50
18:51:55
18:52:00
18:52:05
18:52:10
18:52:15

53.5
53.6
59.3
63.4
70.8
55.7
65.8
55.1
59.8
61.1
46.1

43
44.7
45.4
60.4
48.8

58
50.3
44.9
46.6

46
44.6
57.5
66.5
70.4
57.8
48.9
49.2
43.9
47.6
44.6
48.1
53.4
60.1
56.8
51.5
46.5
52.8
50.4

50
63.1
62.3
60.1

301.2

284
231.8
205.3

220
222.8
263.9
311.2
318.7
284.4
297.2
256.1
228.1
242.9
230.7
213.1
266.1
284.8
309.4

287
320.9
2141
225.9
189.7
2345
230.8
222.8
270.5

282
276.6
272.4
274.1
210.2
229.2

215
261.6
279.9
274.8
282.3
245.2

212
208.1

206

281.2

264
211.8
185.3

200
202.8
243.9
291.2
298.7
264.4
277.2
236.1
208.1
222.9
210.7
193.1
246.1
264.8
289.4

267
300.9
194.1
205.9
169.7
214.5
210.8
202.8
250.5

262
256.6
252.4
254.1
190.2
209.2

195
241.6
259.9
254.8
262.3
225.2

192
188.1

186

-45.8

-46.6
-27.1
-45.5
-37.8
-65.4
-41.4
-39.4
-59.2

-41.8
-33.3
-40.4
-46.8
-26.7
-57.8
-48.7
-34.7
-44.6
-29.1

-25
-41.3
-11.2
-57.3
-44.8
-33.3
-49.2
-42.9
-47.3
-44.5
-47.9
-26.8
-45.5
-32.6
-50.9
-45.8
-52.6
-49.2
-45.3
-33.5
-29.4
-26.3

27.8
13
-36.7
57.4
-54.3
-40.9
6.9
36.3
44.9
15.2
211
-10.3
-29.9
-20.7
-38.2
-40.9
3.9
12.9
28.5
13.6
35.7
-37

-65.6
-40.9
-36.5
-35.9
0.4
9.2
5.4
1.9
3.4
-46.1
-39.3
-46.5
-7.5

4.4
10.7
-21
-53.5
-54.9
-54.1

12.38
12.36
12.37
12.38
12.36
12.37
12.36
12.36
12.35
12.38
12.38
12.35
12.34
12.34
12.33
12.33
12.33
12.32

123
12.33
12.33
12.32
12.31
12.34
12.33
12.33
12.33
12.32
12.32
12.35
12.33
12.33
12.33
12.33
12.33
12.34
12.33
12.34
12.33
12.34
12.33
12.35
12.34
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

18:52:20
18:52:25
18:52:30
18:52:35
18:52:40
18:52:45
18:52:50
18:52:55
18:53:00
18:53:05
18:53:10
18:53:15
18:53:20
18:53:25
18:53:30
18:53:35
18:53:40
18:53:45
18:53:50
18:53:55
18:54:00
18:54:05
18:54:10
18:54:15
18:54:20
18:54:25
18:54:30
18:54:35
18:54:40
18:54:45
18:54:50
18:54:55
18:55:00
18:55:05
18:55:10
18:55:15
18:55:20
18:55:25
18:55:30
18:55:35
18:55:40
18:55:45
18:55:50

58.7
51.5
53.6
54.5
53.1
47.5
49.5
41.1
50.1
59.6
61.7
66.4
63.5
62.6
58.4
52.5
55.8
49.5

50
52.6
55.6
56.7
66.4
59.8
57.2
58.2
52.9
511
52.9
53.4
52.2
52.3
51.6

63
56.9
60.5
54.5
50.4
50.9
52.5
53.1
53.9
56.5

249
278.3
293.7
290.8
292.6
251.6
283.1
255.1
227.2
198.3
207.8
214.2
229.2
256.2
251.7
293.6
319.3
265.4
254.1
266.2
2324
203.3
214.8
209.5
277.4
285.1
291.6
275.6
265.3
268.5
247.7
276.5
2355
279.3
258.7
298.2
247.6

273
241.4
263.2
245.6
223.3

242

229
258.3
273.7
270.8
272.6
231.6
263.1
235.1
207.2
178.3
187.8
194.2
209.2
236.2
231.7
273.6
299.3
2454
234.1
246.2
212.4
183.3
194.8
189.5
257.4
265.1
271.6
255.6
245.3
248.5
227.7
256.5
215.5
259.3
238.7
278.2
227.6

253
2214
243.2
225.6
203.3

222

-54.8
-50.9
-49.1
-50.9

-45.1
-48.2
-39.7
-36.7
-18.7
-28.8
-37.3
-48.1
-60.8
-55.5
-48.2
-36.4
-49.3
-48.1
-52.5

-22.4
-37.9
-29.4
-56.7
-56.2
-49.2
-50.9
-52.7
-53.4
-48.3

-42.5
-62.1
-55.8
-53.4
-50.4
-50.3
-44.7
-52.1
-48.3

-49.9

-21
7.4
215
19.3
20.4
-15
11.2
-10.6
-34.1
-56.6
-54.6
-54.9
-41.5
-15
-18.4
21
42.4

-13.7
-3.5
-33.9
-52.1
-54.6
-52.1
7.4
15.2
19.5

-4.4
-14
-19.8
5.9
-29.2
10.1
-11.1
28.6
-20.7
2.6
-24.4
-6.2
-21.9
-39.2
-26.5

12.34
12.33
12.33
12.37
12.37
12.36
12.35
12.35
12.34
12.34
12.36
12.35
12.36
12.36
12.35
12.35
12.38
12.36
12.36
12.35
12.35
12.35
12.36
12.35
12.36
12.37
12.37
12.37
12.37
12.35
12.35
12.36
12.36
12.36
12.36
12.36
12.36
12.38
12.37
12.36
12.35
12.35
12.36
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

18:55:55
18:56:00
18:56:05
18:56:10
18:56:15
18:56:20
18:56:25
18:56:30
18:56:35
18:56:40
18:56:45
18:56:50
18:56:55
18:57:00
18:57:05
18:57:10
18:57:15
18:57:20
18:57:25
18:57:30
18:57:35
18:57:40
18:57:45
18:57:50
18:57:55
18:58:00
18:58:05
18:58:10
18:58:15
18:58:20
18:58:25
18:58:30
18:58:35
18:58:40
18:58:45
18:58:50
18:58:55
18:59:00
18:59:05
18:59:10
18:59:15
18:59:20
18:59:25

52.1
52.4
53.5
47.9
49.5
54.1
53.1
47.1
53.9
55.5
47.9
52.6
53.5
44.2
47.5
47.2
40.9
54.6

54
47.9
50.6

56
55.1
57.6
55.6
54.5
51.2
47.2
51.4
59.5
58.1
53.3
46.4
56.1
54.1
48.4
53.5

53
52.4
52.7
52.4
49.5
53.3

246.2
256.8
230.4
235.5
277.6
247.7
235.7
234.1

227
270.1

288
270.9
247.8
252.2
246.1
260.4

225
226.9
257.6
252.7
207.4
261.3
256.6
239.1
241.4
275.7
241.2
2321
238.3

237
254.1

261
255.4
270.6
248.8
213.1
237.8

262
259.4
254.1
239.4
274.4

243

226.2
236.8
210.4
215.5
257.6
227.7
215.7
2141

207
250.1

268
250.9
227.8
232.2
226.1
240.4

205
206.9
237.6
232.7
187.4
241.3
236.6
219.1
2214
255.7
221.2
212.1
218.3

217
234.1

241
2354
250.6
228.8
193.1
217.8

242
2394
234.1
2194
254.4

223

-47.7

-41.3
-39.5
-49.1

-43.9
-38.1
-39.4
-55.5
-45.5
-52.6
-49.5
-42.1
-43.4
-46.5
-28.9
-39.9
-52.7
-45.8
-23.3
-55.3
-53.6
-49.4
-48.8
-54.2
-44.9
-37.2
-43.8
-49.9
-55.9
-52.6
-44.9
-56.1
-50.4
-26.4
-45.3
-52.5
-51.5
-50.6
-45.1
-49.3
-47.5

-21
-12
-34.1
-27.1
6.6
-20.5
-29.9
-27.6
-36.8
0.1
14.8
0.8
-20.2
-13.5
-19.3
-7.9
-28.9
-37.3
-11.6
-14.2
-44.9
-8.5
-12.8
-29.6
-26.7
5.4
-24.7
-29

-32.4
-15.9
-8.3
-11.7
0.6
-19.6
-40.5
-28.5
-7.3
-9.6
-14.4
-26.7
3.8
-24.2

12.35
12.37
12.36
12.34

12.3
12.34
12.32
12.37
12.35
12.34
12.34
12.34
12.31
12.34
12.33
12.32
12.35
12.35
12.35
12.36
12.35
12.36
12.34
12.35
12.35
12.36
12.34
12.36
12.35
12.35
12.33
12.31
12.32
12.32
12.33
12.33
12.33
12.32
12.33
12.33
12.36
12.36
12.35
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

18:59:30
18:59:35
18:59:40
18:59:45
18:59:50
18:59:55
19:00:00
19:00:05
19:00:10
19:00:15
19:00:20
19:00:25
19:00:30
19:00:35
19:00:40
19:00:45
19:00:50
19:00:55
19:01:00
19:01:05
19:01:10
19:01:15
19:01:20
19:01:25
19:01:30
19:01:35
19:01:40
19:01:45
19:01:50
19:01:55
19:02:00
19:02:05
19:02:10
19:02:15
19:02:20
19:02:25
19:02:30
19:02:35
19:02:40
19:02:45
19:02:50
19:02:55
19:03:00

59.4
46.5
56.5
54.7
50.6
55.4
57.3
58.7
54.4
50.6
48.5

61
57.4
67.7
65.5
63.5
57.3
64.8

59
60.2
48.6
55.4
53.5
67.8
61.3

81
59.3

41
61.1
56.2
53.4
60.4
58.8
51.9
55.1
50.3
55.6
53.1
59.2
64.5
62.3

61
56.2

270.7
248.8
231.3
237.8
220.1
213.1
227.5
256.7
296.7
263.4
251.2
217.1
206.7
206.4
220.6
247.3
306.1
298.1
274.8
257.7
238.4
226.4

218
208.7
217.6
287.1
269.7

267
249.3
259.1
241.5
233.1
235.1
250.5
258.3
300.3
231.6
217.7
245.7
220.1
251.2
261.8
272.5

250.7
228.8
211.3
217.8
200.1
193.1
207.5
236.7
276.7
243.4
231.2
197.1
186.7
186.4
200.6
227.3
286.1
278.1
254.8
237.7
2184
206.4

198
188.7
197.6
267.1
249.7

247
229.3
239.1
221.5
213.1
215.1
230.5
238.3
280.3
211.6
197.7
225.7
200.1
231.2
241.8
252.5

-59.4
-433
-44.1
-46.2
-32.6
-30.2
-42.3
-57.1
-48.6
-50.3
-45.9
-36.8
-25.8
-30.1
-42.6
-58.5
-46.3
-57.2
-58.8
-58.8
-41.4
-40.1
-32.9
-32.5
-37.4
-77.4
-59.3

-57.2
-55.2

-48.3
-48.2
-48.9
-53.9
-43.4
-43.6
-32.5
-53.9
-41.5
-58.9
-60.4
-56.2

0.7
-16.8
-35.3
-29.1
-38.7
-46.4
-38.7
-13.5

24.4
-5.8
-15.7
-48.6
-51.3
-60.6
-49.7
-24.5
33.8
30.5
4.9
-12.8
-25.5
-38.2
-42.2
-59.5
-48.6
23.8
-0.3
-2.1
-21.6
-10.7
-25.5
-36.2
-33.6
-17.3
-11.1

254
-34.5

-24.4
-49.3
-20.1
-8.7
2.5

12.35
12.37
12.36
12.34
12.34
12.35
12.35
12.38
12.35
12.35

12.3
12.33
12.34
12.34
12.38
12.37
12.35
12.35
12.36
12.35
12.36
12.34
12.33
12.32
12.35
12.34
12.32
12.34
12.34
12.36
12.37
12.36
12.35
12.35
12.35
12.37
12.35
12.34
12.38

12.3
12.36
12.39
12.38
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

19:03:05
19:03:10
19:03:15
19:03:20
19:03:25
19:03:30
19:03:35
19:03:40
19:03:45
19:03:50
19:03:55
19:04:00
19:04:05
19:04:10
19:04:15
19:04:20
19:04:25
19:04:30
19:04:35
19:04:40
19:04:45
19:04:50
19:04:55
19:05:00
19:05:05
19:05:10
19:05:15
19:05:20
19:05:25
19:05:30
19:05:35
19:05:40
19:05:45
19:05:50
19:05:55
19:06:00
19:06:05
19:06:10
19:06:15
19:06:20
19:06:25
19:06:30
19:06:35

61.3
56.2
57.8
57.6
64.8
54.5
60.8
58.5
62.8
52.8
54.2
54.6
54.7
55.4
57.2
62.7
62.4
62.3
57.1

57

60
60.2
54.1
54.2
52.2
55.4
54.8
55.2
58.8
60.5
55.1
61.9
65.2
61.8
55.3
57.1
55.5
57.8
54.9
60.7
62.4
58.8
58.3

294.5
259.6
240.2
246.2
2395
254.7
256.3
2454
284.8
265.3
259.2
227.7

252
252.5
235.9
241.2
267.9
258.4
237.8
279.2
261.4

275
259.7
252.5

263
262.5
258.9
231.8
243.1
253.9
216.7
239.8
228.2
240.6

281
283.3
244.8
273.9
270.8
262.7
250.8

237
221.9

274.5
239.6
220.2
226.2
219.5
234.7
236.3
2254
264.8
245.3
239.2
207.7

232
232.5
215.9
221.2
247.9
238.4
217.8
259.2
241.4

255
239.7
232.5

243
242.5
238.9
211.8
223.1
233.9
196.7
219.8
208.2
220.6

261
263.3
224.8
253.9
250.8
242.7
230.8

217
201.9

-55.8
-55.2
-50.2
52.7
-55.9
52,6
-59.1
-53.2
-60.7
52.6
-53.2
-40.4

-52.8
-47.4

-62.4

-61
-48.3
-56.3
-59.3

-60
-53.3
-51.7
-51.8
-54.9
-53.8
-43.4
-52.5
-58.1
-32.9
-53.5
-48.6
-53.8
-54.3
-55.5
-50.2
-57.6
-54.9
-60.2

-49.3
-38.9

25.4
-10.2
-28.7
-23.2
-32.9
-14.4
-14.4
-24.3

16
-4.4
-10.2
-36.7
-16.9
-16.7
-32.1
-30.2
-2.3
-12.5
-30.4
9.1

53
-9.7
-16.3
-6.3
-7.2
-10.5
-34.2
-26.6
-16.8
-44.2
-31.1
-43.4
-30.4
10.5
13.1
-23.6
3.9
0.8
-7.7
-20.5
-32
-43.4

12.37
12.37
12.36
12.35
12.34
12.34
12.36
12.37
12.36
12.34
12.34
12.36
12.34
12.32
12.37
12.37
12.37
12.35
12.37
12.37
12.37
12.37
12.35
12.36
12.35
12.34
12.34
12.36
12.33
12.35
12.36
12.37
12.38
12.37
12.37
12.37
12.37
12.38
12.36
12.37
12.39
12.39
12.37
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

19:06:40
19:06:45
19:06:50
19:06:55
19:07:00
19:07:05
19:07:10
19:07:15
19:07:20
19:07:25
19:07:30
19:07:35
19:07:40
19:07:45
19:07:50
19:07:55
19:08:00
19:08:05
19:08:10
19:08:15
19:08:20
19:08:25
19:08:30
19:08:35
19:08:40
19:08:45
19:08:50
19:08:55
19:09:00
19:09:05
19:09:10
19:09:15
19:09:20
19:09:25
19:09:30
19:09:35
19:09:40
19:09:45
19:09:50
19:09:55
19:10:00
19:10:05
19:10:10

58.5
60.8
58.8
55.9
54.6
58.4
61.8
57.8
59.8
56.2
53.8
59.9
58.2
58.6
61.4
60.3

54
61.3
62.7
60.4
65.9

70
61.5

61
55.1

56
75.7
74.6
67.8

70
66.1
68.6

64
66.3
60.2
59.2
58.7
54.1
62.7
59.7
60.8
61.9
59.8

238.4
255.2
259.8
250.8
257.4
257.7
230.5
219.6
281.3
265.3
257.6
262.9
240.5
277.2
255.9
262.3
248.7
239.1
225.9
282.3
282.1
273.7
260.8
251.1
259.5
225.2
2111
211.9
223.3
243.9
248.5
256.8
272.7
290.7
293.7
274.7
232.2
229.1
217.1
264.2
259.4
246.1
2254

218.4
235.2
239.8
230.8
237.4
237.7
210.5
199.6
261.3
245.3
237.6
242.9
220.5
257.2
235.9
242.3
228.7
219.1
205.9
262.3
262.1
253.7
240.8
231.1
239.5
205.2
191.1
191.9
203.3
223.9
228.5
236.8
252.7
270.7
273.7
254.7
212.2
209.1
197.1
244.2
2394
226.1
205.4

-30.6
-15.6
-10.4
-18.4
-11.9
-12.4
-39.3
-44.5
11.7
-4.6
-11.5
-7.4
-28.7
7.3
-15
-8.1
-19.6
-31.5
-43.6
12.9
13.8
4.5
-9.9
-19.7
-10
-39.4
-64.8
-63.3
-49.4
-30.9
-24.2
-15.7
3.1
23.4
24.1
4.9
-36
-35.4
-50

-11.2
-25.1

12.37
12.37
12.38
12.38
12.37
12.38
12.39
12.37
12.38
12.36
12.35
12.37
12.36
12.38
12.36
12.33
12.36
12.39
12.36
12.39
12.41
12.39
12.39
12.41

12.4
12.38
12.38
12.39

12.4
12.41
12.38
12.42
12.42
12.39
12.39
12.38
12.38
12.38
12.38
12.38
12.39
12.38
12.39
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

19:10:15
19:10:20
19:10:25
19:10:30
19:10:35
19:10:40
19:10:45
19:10:50
19:10:55
19:11:00
19:11:05
19:11:10
19:11:15
19:11:20
19:11:25
19:11:30
19:11:35
19:11:40
19:11:45
19:11:50
19:11:55
19:12:00
19:12:05
19:12:10
19:12:15
19:12:20
19:12:25
19:12:30
19:12:35
19:12:40
19:12:45
19:12:50
19:12:55
19:13:00
19:13:05
19:13:10
19:13:15
19:13:20
19:13:25
19:13:30
19:13:35
19:13:40
19:13:45

60.8
58.8
54.6
61.7
64.6

67
57.5
62.4
62.9
64.3

56
61.5

65

59
65.7
61.8
64.1
59.4
61.4
63.1
60.3
63.7
59.2
61.5
68.7
82.3
73.7
77.5
67.9
66.7
65.4
61.2
60.2
61.9
64.1
63.8

66
61.4
67.9
67.7
66.1
63.2
57.4

257.4
267.1
248.3
260.9
249.2
237.1
247.8
245.8
256.8

272
2445
270.3
239.1
247.2
255.7
264.4
255.1
262.9
2511
264.3
242.3
227.7
227.3
222.3
194.4
225.3
209.6
238.4
227.3
260.1
257.7
267.2
255.3
251.7
271.7
262.6
262.9
280.7
274.5
273.2
256.3
252.3
253.7

237.4
247.1
228.3
240.9
229.2
217.1
227.8
225.8
236.8

252
224.5
250.3
219.1
227.2
235.7
244.4
235.1
242.9
231.1
244.3
222.3
207.7
207.3
202.3
174.4
205.3
189.6
218.4
207.3
240.1
237.7
247.2
235.3
231.7
251.7
242.6
242.9
260.7
254.5
253.2
236.3
232.3
233.7

-59.4
-58.7
-50.8

-61
-60.4
-56.3
-53.3
-56.9
-61.2
-64.2
-50.6
-61.5
-55.7
-54.4
-63.7
-61.5

-62

-58.1
-62.8
-53.4
-47.1
-43.5
-41.4
-17.1
-58.5
-36.4

-66
-49.9
-65.7
-63.9
-61.1
-58.2
-58.8
-64.1
-63.3
-65.5
-60.4
-67.7
-67.6
-64.2
-60.2
-55.1

-13.3
2.9
-20.2
9.7
-23
-36.4
-21.7
-25.6
-14.4
2.2
-24.1
03
-33.4
-22.9
-16.2

-16.5
-7.3
-19.9
-6.2
-28
-42.9
-40.1
-45.5
-66.6
-57.9
-64
-40.6

-11.5
-13.9

-15.2
-19.4
1.9
-8.2
-8.1
11.4
5.4
3.8
-15.7
-19.2
-16.1

12.39
12.38
12.38

12.4
12.39
12.41
12.41

12.4

12.4

12.4
12.39
12.41
12.42
12.41
12.42
12.41
12.39

12.4
12.41
12.42
12.42
12.42
12.43
12.43
12.42
12.43
12.41
12.42
12.44
12.43
12.41
12.42
12.41
12.42
12.43
12.42
12.43
12.43
12.43
12.43
12.41
12.42
12.41
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

19:13:50
19:13:55
19:14:00
19:14:05
19:14:10
19:14:15
19:14:20
19:14:25
19:14:30
19:14:35
19:14:40
19:14:45
19:14:50
19:14:55
19:15:00
19:15:05
19:15:10
19:15:15
19:15:20
19:15:25
19:15:30
19:15:35
19:15:40
19:15:45
19:15:50
19:15:55
19:16:00
19:16:05
19:16:10
19:16:15
19:16:20
19:16:25
19:16:30
19:16:35
19:16:40
19:16:45
19:16:50
19:16:55
19:17:00
19:17:05
19:17:10
19:17:15
19:17:20

64.7
70.6
56.9
71.7
56.6
55.9

62
61.2
69.4
66.5
64.5
69.2
67.5

65
60.2
68.8
59.7
74.5
72.8
68.1
76.1
63.5
63.1
61.8
71.4
65.5
67.5

61
62.2
60.3
59.9
58.8
67.9
75.2
70.6

68
67.9
62.1
56.1
62.6
58.2
63.7
58.4

234.2
237.5
250.3
247.6
255.7
2345
256.1
253.3
225.5
251.7

237
258.9
263.2

244
261.2
259.7
279.6
277.1
279.8
276.1
270.9
273.9
239.3
218.4
212.8
238.3
262.2
277.9
272.7
264.9
236.5
220.8
212.7
219.3
233.3
262.5
278.5
257.8
276.6
295.2
241.1
235.3
260.1

214.2
217.5
230.3
227.6
235.7
214.5
236.1
233.3
205.5
231.7

217
238.9
243.2

224
241.2
239.7
259.6
257.1
259.8
256.1
250.9
253.9
219.3
198.4
192.8
218.3
242.2
257.9
252.7
244.9
216.5
200.8
192.7
199.3
213.3
242.5
258.5
237.8
256.6
275.2
221.1
215.3
240.1

-52.5
-59.5
-53.6
-66.3
-54.8
-45.5
-60.2
-58.6
-49.5
-63.2
-54.1
-67.9

-67
-58.4
-59.5
-67.7
-58.9

-71.7
-67.7
-76.1
-63.3
-54.3
-38.3
-38.6
-55.7
-66.9
-60.4
-62.2

-60
-49.9
-38.4
-36.7
-47.7
-56.6
-67.5
-67.2
-60.7
-55.7
-56.6

-52.4
-57.6

-37.8

-19.2
-27.3

-14
-32.5
-14.9
-17.6
-48.6
-20.9
-35.1
-13.4

-28.5
-9.2
-12.3
10
9.2
123
7.2
1.2
4.3
-32.2
-48.4

-34.4
9.1
8.4

-5.4
-33
-44.5
-57.1
-58.1
-42.2
-8.8
10.1
-13.1
6.4
26.7
-28.1
-36.2
-10

12.42
12.42
12.42
12.42
12.42
12.42
12.42
12.41
12.42
12.44
12.41
12.43
12.45
12.43
12.43
12.43
12.45
12.44
12.43
12.43
12.44
12.44
12.43
12.43
12.45
12.44
12.42
12.42
12.43
12.44
12.43
12.46
12.43
12.43
12.44
12.43
12.42
12.43
12.43
12.44
12.45
12.46
12.44
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

19:17:25
19:17:30
19:17:35
19:17:40
19:17:45
19:17:50
19:17:55
19:18:00
19:18:05
19:18:10
19:18:15
19:18:20
19:18:25
19:18:30
19:18:35
19:18:40
19:18:45
19:18:50
19:18:55
19:19:00
19:19:05
19:19:10
19:19:15
19:19:20
19:19:25
19:19:30
19:19:35
19:19:40
19:19:45
19:19:50
19:19:55
19:20:00
19:20:05
19:20:10
19:20:15
19:20:20
19:20:25
19:20:30
19:20:35
19:20:40
19:20:45
19:20:50
19:20:55

70
67.7

66
63.3
65.9
62.4
68.7
70.6
74.8
75.5
72.5
69.7
68.7

62
66.1

69
75.2
70.1
55.4
56.2
65.6
65.9
72.1
68.8
73.3
60.5
66.3
67.2
68.2
72.9
58.7

69
67.2
66.7
71.9
76.8
71.8
67.5
65.1
68.1
73.8
71.7

80

2445

260
271.3
270.2
253.6
222.9
230.7
226.4

259
252.2
271.1
266.5
282.6
258.1

247
258.2
246.6
270.3
257.8
2455
250.2
2254
231.2
252.4
256.7
268.2
257.5
230.1
282.4

263
253.4
234.4
226.7

242
232.8
2515
269.6
278.8
253.5
234.7
231.1
233.6
245.7

224.5

240
251.3
250.2
233.6
202.9
210.7
206.4

239
232.2
251.1
246.5
262.6
238.1

227
238.2
226.6
250.3
237.8
225.5
230.2
205.4
211.2
232.4
236.7
248.2
237.5
210.1
262.4

243
2334
214.4
206.7

222
212.8
231.5
249.6
258.8
233.5
214.7
2111
213.6
225.7

-63.1
-66.7

-66
-63.3
-63.2
-42.4
-53.2
-51.1
-73.4
-71.9
-72.5
-69.6

-67
-60.7
-60.9
-67.6

-69
-70.1
-54.1
-51.1
-61.7

-56.2
-65.6
-71.3
-60.5
-64.7
-51.6
-66.6
-72.3
-56.2
-56.1
-48.9
-58.9
-57.3
-72.8
-71.8
-66.7
-62.4
-55.6
-57.5
-57.7

-30.1
-11.8
1.6
0.2
-18.6
-45.7
-43.5
-48.7
-14.3
-23.1
14
-4.2
15
-12.8
-25.8
-14.2
-29.9
0.3
-11.7
-23.3
-22.2
-46.3
-45.2
-20.8
-16.8
-1.9
-14.3
-43.1
14.6
-8.9
-16.7
-40.2
-46.1
-31.3
-43.5
-24.4
-0.5
10.3
-18.5
-39.3
-46.3
-42.6
-32.9

12.45
12.45
12.45
12.44
12.45
12.45
12.44
12.45
12.47
12.46
12.47
12.47
12.45
12.46
12.47
12.45
12.47
12.47
12.47
12.45
12.45
12.46
12.46
12.46
12.45
12.45
12.45
12.45
12.46
12.47
12.46
12.45
12.46
12.46
12.47
12.46
12.47
12.46
12.48
12.47
12.47
12.48
12.47
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

19:21:00
19:21:05
19:21:10
19:21:15
19:21:20
19:21:25
19:21:30
19:21:35
19:21:40
19:21:45
19:21:50
19:21:55
19:22:00
19:22:05
19:22:10
19:22:15
19:22:20
19:22:25
19:22:30
19:22:35
19:22:40
19:22:45
19:22:50
19:22:55
19:23:00
19:23:05
19:23:10
19:23:15
19:23:20
19:23:25
19:23:30
19:23:35
19:23:40
19:23:45
19:23:50
19:23:55
19:24.00
19:24:05
19:24:10
19:24:15
19:24:20
19:24:25
19:24:30

65.8
71.2
66.9
71.8
63.2
60.2
66.3
57.2
69.2
73.2
70.7
67.5
70.8
69.5
74.1

67
73.1
74.1
65.8
68.4
64.3
69.5
75.6
65.6
70.5
67.3

75
67.2
75.4

67

71

73
78.4
69.8
74.5
69.4
70.7
65.4
66.3
67.5
77.8

77
73.8

266.1
256.4
256.1
258.7
264.7
265.1
251.1
232.2
245.1
230.3
240.9
264.8
272.6
267.5
256.7
256.8
264.9
257.2
241.9
247.6
234.1
256.9
247.8
226.8
243.5
256.2
230.4
250.2
2374
255.7
278.8
261.7
273.8
284.7
270.7
2515
247.8
2421
235.5
270.2
272.8
288.5
241.3

246.1
236.4
236.1
238.7
244.7
245.1
231.1
212.2
225.1
210.3
220.9
244.8
252.6
247.5
236.7
236.8
244.9
237.2
221.9
227.6
2141
236.9
227.8
206.8
223.5
236.2
210.4
230.2
217.4
235.7
258.8
241.7
253.8
264.7
250.7
231.5
227.8
2221
215.5
250.2
252.8
268.5
221.3

-65.7
-69.2
-64.9
-70.4
-62.9

-62.7
-45.2
-62.8
-56.3
-61.8
-67.2
-70.8
-69.4
-72.1
-65.2
-72.8
-72.2

-63.2
-52.1
-67.7

-47.8
-63.1
-65.4
-57.8
-63.3
-63.5
-64.9
-70.2
-72.2
-78.2
-67.5
-74.5
-65.8
-65.5
-57.8
-54.6
-67.5
-77.8

-64.7

-4.5
-16.8
-16.1

-14

-5.8

-5.1
-21.5

-35
-29.2
-46.8
-34.4

-6.1

3.2

-17.1
-15.3
-6.5
-16.4
-31
-26.1
-37.7
-15.7
-28.6
-44.9
-31.5
-16.1
-47.8
-22.8
-40.6
-16.6
10.8
-10.6
5.2
17.8
0.9
-22
-26.7
-30.6
-37.6
0.2
3.8
24.4
-35.4

12.47
12.46
12.46
12.47
12.46
12.46
12.46
12.46
12.46
12.46
12.47
12.47
12.47
12.47
12.48
12.48
12.48
12.48
12.47
12.47
12.47
12.47
12.46
12.47
12.48
12.48
12.48
12.47
12.48
12.47
12.48
12.49
12.48
12.47
12.48
12.48
12.48
12.47
12.47
12.48
12.48
12.48
12.48
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

19:24:35
19:24:40
19:24:45
19:24:50
19:24:55
19:25:00
19:25:05
19:25:10
19:25:15
19:25:20
19:25:25
19:25:30
19:25:35
19:25:40
19:25:45
19:25:50
19:25:55
19:26:00
19:26:05
19:26:10
19:26:15
19:26:20
19:26:25
19:26:30
19:26:35
19:26:40
19:26:45
19:26:50
19:26:55
19:27:00
19:27:05
19:27:10
19:27:15
19:27:20
19:27:25
19:27:30
19:27:35
19:27:40
19:27:45
19:27:50
19:27:55
19:28:00
19:28:05

69.7
68.4
73.4

65
70.5

70

68
72.1
71.8
68.1
57.6
51.8
56.1
63.9
63.5
65.1
78.2
66.8
70.5
61.9
69.2
69.7

70
75.4
65.9
66.3
67.5
61.2
64.1
68.9
61.8
56.5
65.8
70.9
73.3
77.9
77.3
71.7

74
67.6
76.7
73.5
67.9

238.6
227.8
236.5
233.9
232.5
246.9
2454
255.1

276
274.2

274
243.2
237.2
232.7
243.6
267.4
257.3
273.8
267.8

243
233.8

258
236.3
227.8
267.2
272.8
261.4
265.5
249.6
272.9
263.7
255.2
241.6
235.3
233.8

258
292.6
262.2
277.1
241.9
265.3

263
258.3

218.6
207.8
216.5
213.9
212.5
226.9
2254
235.1

256
254.2

254
223.2
217.2
212.7
223.6
247.4
237.3
253.8
247.8

223
213.8

238
216.3
207.8
247.2
252.8
241.4
245.5
229.6
252.9
243.7
235.2
221.6
215.3
213.8

238
272.6
242.2
257.1
221.9
245.3

243
238.3

-59.5
-50.7
-61.2
-52.5

-64.4
-61.8
-69.6
-71.4
-67.9
-57.5
-46.3
-47.1
-50.8
-56.9
-65.1
-76.3
-66.7
-70.5
-55.2
-55.8
-68.1
-58.2
-55.8
-65.8
-66.3
-66.7

-61
-60.1
-68.8
-61.5
-54.6
-57.9
-58.3
-59.2
-76.2
-71.4

-73.5
-59.6
-76.4

-66.5

-36.3

-40.5
-38.3
-42.9
-27.5
-28.3
-18.5

7.6

-23.4
-30.4
-38.8
-28.3

-17.2
4.5
-2.7
-28.1
-40.8
-14.5
-38.8
-50.7
-3.2
3.2
-10.1
-4.8
-22.3
3.4
-6.7
-14.4
-31.3
-40.3
-43.3
-16.2
29.7
-9.8
9.1
-31.9
-6.3

-13.7

12.48
12.49
12.49
12.48
12.48
12.48
12.49
12.49
12.48
12.48
12.48
12.48
12.48
12.49
12.48
12.48
12.48
12.48
12.48
12.48
12.49
12.48
12.49
12.48
12.48
12.48
12.48
12.48
12.48
12.48
12.49
12.48
12.48
12.48
12.48
12.48
12.48
12.48
12.48
12.48
12.48
12.48
12.49
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

19:28:10
19:28:15
19:28:20
19:28:25
19:28:30
19:28:35
19:28:40
19:28:45
19:28:50
19:28:55
19:29:00
19:29:05
19:29:10
19:29:15
19:29:20
19:29:25
19:29:30
19:29:35
19:29:40
19:29:45
19:29:50
19:29:55
19:30:00
19:30:05
19:30:10
19:30:15
19:30:20
19:30:25
19:30:30
19:30:35
19:30:40
19:30:45
19:30:50
19:30:55
19:31:00
19:31:05
19:31:10
19:31:15
19:31:20
19:31:25
19:31:30
19:31:35
19:31:40

63.8
64.8
75.4
68.4

73
69.4
77.3
76.1
61.3
66.6

64
77.6
80.4
76.6
74.5
65.8
65.6

73
69.7
56.9
69.6

63
64.5
66.4
59.2
64.2
63.6
69.7
70.4
65.8
74.6
73.9
70.3
79.5
71.1
75.4
76.2
68.4
67.9

78

76
71.2
72.1

261.8
237.2

224
256.3
245.9
246.8
244.4
252.5
253.6
264.4
233.6
242.5
237.5
237.5
250.3

274
267.8
270.9
257.1
293.1

257
271.1
282.5
259.6
294.2
283.5
244.8
251.4
260.4

232
238.9
233.8
269.1
268.7
248.7
277.8
266.6
2341
256.9
234.1
235.7
260.9
246.5

241.8
217.2

204
236.3
225.9
226.8
2244
232.5
233.6
244.4
213.6
222.5
217.5
217.5
230.3

254
247.8
250.9
237.1
273.1

237
251.1
262.5
239.6
274.2
263.5
224.8
2314
240.4

212
218.9
213.8
249.1
248.7
228.7
257.8
246.6
2141
236.9
2141
215.7
240.9
226.5

-63.1
-54.5
-52.4
-66.4
-66.6
-63.8
-69.7
-72.6
-58.8
-66.3
-51.5
-68.8
-67.8
-64.6
-70.1
-65.6
-65.5

-68
-52.4
-67.8

-63
-62.9
-65.3

-62.4
-57.6
-66.1
-69.4
-51.9
-63.8
-59.6
-70.3
-79.5
-66.3
-74.7

-55.4
-66.1
-63.2
-62.8
-70.3
-66.1

9.1
-35.1
-54.2
-16.2
-29.8
-27.3
-33.4
-22.8
-17.3

-6.5

-35.8
-43.2
-41.1
-25.1
4.6
-2.5
11
-15.6
22.3
-15.7
1.2
13.9
-11.9
24.3
15
-27.1
-22.3
-11.8
-40.5
-38.6
-43.6
-11
-1.8
-25.9
10.3
-4.6
-40.1
-15.4
-45.7
-42.9
-11.2
-28.7

12.49
12.49
12.49
12.49
12.48
12.48
12.48
12.48
12.49
12.49
12.49
12.48
12.49
12.49
12.49
12.49
12.48
12.48
12.48
12.49
12.49
12.49
12.48
12.48
12.49
12.49
12.49
12.48
12.48
12.48
12.49
12.49
12.49
12.49
12.49
12.48
12.48
12.48
12.48
12.49
12.49
12.49
12.49
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

19:31:45
19:31:50
19:31:55
19:32:00
19:32:05
19:32:10
19:32:15
19:32:20
19:32:25
19:32:30
19:32:35
19:32:40
19:32:45
19:32:50
19:32:55
19:33:00
19:33:05
19:33:10
19:33:15
19:33:20
19:33:25
19:33:30
19:33:35
19:33:40
19:33:45
19:33:50
19:33:55
19:34:00
19:34:05
19:34:10
19:34:15
19:34:20
19:34:25
19:34:30
19:34:35
19:34:40
19:34:45
19:34:50
19:34:55
19:35:00
19:35:05
19:35:10
19:35:15

67.8
72.5
75.9
72.9
75.7
72.7
72.4
77.9
65.8
70.6

79
78.2
73.3
71.1

73
75.3

73
76.2

77
75.3
72.7
71.1
71.2
75.2
73.8
71.4
68.2
69.4
73.2
73.3
77.9
79.7

70
75.2
73.5
75.2
59.7
72.6
68.7
70.9
71.2
73.3
64.7

268.7
266.8
272.4
270.6
237.6
2341
242.7
230.3
253.6
254.5
236.8
260.8
245.6
245.6
276.9

266

251
282.3
268.4
253.6
258.3
243.3
251.4
269.2
254.7
229.9
238.2
244.6

228
256.8
269.8
260.8
249.5
267.3
266.9
262.3
250.5
229.4
251.8
244.7
248.5
245.6
265.6

248.7
246.8
252.4
250.6
217.6
2141
222.7
210.3
233.6
234.5
216.8
240.8
225.6
225.6
256.9

246

231
262.3
248.4
233.6
238.3
223.3
2314
249.2
234.7
209.9
218.2
224.6

208
236.8
249.8
240.8
229.5
247.3
246.9
242.3
230.5
209.4
231.8
224.7
228.5
225.6
245.6

-67.7
-72.4
-75.8
-72.9
-63.9
-58.9
-64.3
-59.9
-63.1

-68
-66.1
-77.2
-66.8
-64.8
-72.5
-75.1
-69.1
-74.5
-76.9
-72.2
-71.2
-63.6
-67.5
-75.2
-71.2
-54.7
-57.9
-62.7
-54.4
-71.4
-77.9
-78.7
-65.6
-75.1
-73.4
-74.5
-56.3
-55.1
-65.2
-64.2
-66.2
-66.7
-64.6

-1.5

3.2
0.7
-40.5
-42.6
-33.2
-49.7
-18.5
-18.9
-43.2
-12.6
-30.3
-29.3
8.7
-5.3
-23.8
16.2
-2.2
-21.2
-14.8
-31.9
-22.7
-11
-19.4

-35.9
-29.8
-48.9
-16.7

-0.3
-12.7
-24.5

-3.6

-10.1
-19.9
-47.2
-21.4
-30.3
-26.1
-30.3

12.49
12.49
12.49
12.49
12.49
12.48
12.48
12.49
12.49
12.49
12.49
12.49
12.49
12.49
12.49
12.49
12.49
12.48
12.49
12.48
12.48
12.48
12.48
12.49
12.48
12.49
12.49
12.49
12.49
12.49
12.49
12.49
12.49
12.48
12.48
12.48
12.48
12.48
12.48
12.48
12.49
12.49
12.48
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

av cm/sek
stdv

m/sek

av mila/klst

19:35:20
19:35:25
19:35:30
19:35:35
19:35:40
19:35:45
19:35:50
19:35:55
19:36:00
19:36:05
19:36:10
19:36:15
19:36:20
19:36:25
19:36:30
19:36:35
19:36:40
19:36:45
19:36:50
19:36:55
19:37:00
19:37:05
19:37:10
19:37:15
19:37:20
19:37:25
19:37:30
19:37:35
19:37:40
19:37:45
19:37:50
19:37:55
19:38:00

58.94755
10.97713
0.589475
1.147087

58
61.1
63.5
58.8
68.2

70
74.8
69.5

74
70.3
73.8
69.1
77.4

76
64.4

72
76.3
65.6
74.6
66.6
73.6
65.8
72.8
69.7
74.4
78.3
70.1
73.1
75.6
74.8
76.2
73.2
66.6

262
247.7
227.5
246.7
250.7

279
244.7
250.4

257
261.5
2441
2374

230
241.5
260.9

258
254.1
262.2
2515
237.5
261.7
228.3
258.9
272.7
268.1
257.9

252
246.4
233.9
231.3
252.5
267.2
264.7

242
227.7
207.5
226.7
230.7

259
224.7
230.4

237
241.5
2241
2174

210
221.5
240.9

238
234.1
242.2
231.5
217.5
241.7
208.3
238.9
252.7
248.1
237.9

232
226.4
213.9
211.3
232.5
247.2
244.7

-57.4
-56.5
-46.8

-64.4
-69.1
-67.7
-65.5
-72.1
-69.5
-66.4
-58.2
-59.3
-66.8
-63.6
-70.5
-73.3

-65
-70.8
-56.1
-72.8
-49.2
-71.5
-69.6
-74.3
-76.5
-66.7
-66.9

-58.3
-72.7
-73.1
-66.3

-23.2
-42.9
-23.3
-22.5
10.9
-32
-23.3
-16.6
-10.4
-32.3
-37.3
-49.8
-36.3
-10.2
-14.9
-20.9
-8.9
-23.7
-35.8
-10.6
-43.8
-14
33
-2.5
-16.4
-21.7
-29.3
-44.6
-46.8
-22.9
-3.6
-6.2

12.49
12.48
12.49
12.49
12.49
12.49
12.49
12.48
12.48
12.49
12.49
12.48
12.49
12.49
12.49
12.49
12.48
12.48
12.49
12.49
12.48
12.48
12.48
12.48
12.48
12.48
12.48
12.48
12.48
12.49
12.49
12.48
12.48
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Data from Langeyjarsund

18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

20:19:00
20:19:05
20:19:10
20:19:15
20:19:20
20:19:25
20:19:30
20:19:35
20:19:40
20:19:45
20:19:50
20:19:55
20:20:00
20:20:05
20:20:10
20:20:15
20:20:20
20:20:25
20:20:30
20:20:35
20:20:40
20:20:45
20:20:50
20:20:55
20:21:00
20:21:05
20:21:10
20:21:15
20:21:20
20:21:25
20:21:30
20:21:35
20:21:40
20:21:45
20:21:50
20:21:55
20:22:00
20:22:05

hradi
47
46.7
40.9
315
24.5
225
30.8
45.6
58.9
55.7
55.3
49.2
44.4
38.9
26.8
17.2
14.4
29.5
35.8
37.2
44
39
35.4
28.7
30.9
24.8
19.5
17.6
22.2
25.9
37.5
42.5
38.3
34.4
315
21.1
26.9
42.4

stefna

180.1
188.8
172.3
193.2
205.8
250
315.1
353.5
346.2
2.3
356.6
352.1
359.9
348.8
325.6
299.4
239.7
188.7
173.4
167
1721
172.7
179.1
176.9
192.7
201.3
250.3
296.9
337.5
337.1
0.5
354.7
0.9
357.5
320.3
298.7
214.1
180.3

Leidrétt -

20°

160.1
168.8
152.3
173.2
185.8

230
295.1
333.5
326.2
-17.7
336.6
332.1
339.9
328.8
305.6
279.4
219.7
168.7
153.4

147
152.1
152.7
159.1
156.9
172.7
181.3
230.3
276.9
317.5
317.1
-19.5
334.7
-19.1
337.5
300.3
278.7
194.1
160.3

a/v

-0.1
7.2
5.5
7.2
-10.7
211
-21.7
-5.1
-14
2.2
-3.2
-6.8
-0.1
7.6
-15.1
-14.9
-12.4
4.4
4.1
8.3
6.1

5

0.5
1.5
-6.8
-9
-18.4
-15.7
-8.5
-10.1
0.3
-3.9
0.6
-1.5
-20.1
18.5
-15.1
-0.2

n/s

-47
-46.2
-40.5
-30.7
-22
7.7
21.9
45.3
57.2
55.7
55.2
48.8
44.4
38.1
22.1
8.4
-7.3
-29.2
-35.5
-36.2
-43.6
-38.6
-35.4
-28.6
-30.2
-23.1
-6.6
7.9
20.5
23.8
37.5
423
38.3
34.4
24.2
10.1
223
-42.4

hiti
11.69
11.69
11.69
11.7
11.7
11.69
11.69
11.7
11.7
11.69
11.69
11.7
11.69
11.68
11.69
11.7
11.7
11.69
11.69
11.69
11.69
11.7
11.69
11.69
11.69
11.7
11.7
11.69
11.69
11.69
11.7
11.7
11.7
11.71
11.69
11.7
11.71
11.72
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

20:22:10
20:22:15
20:22:20
20:22:25
20:22:30
20:22:35
20:22:40
20:22:45
20:22:50
20:22:55
20:23:00
20:23:05
20:23:10
20:23:15
20:23:20
20:23:25
20:23:30
20:23:35
20:23:40
20:23:45
20:23:50
20:23:55
20:24:00
20:24:05
20:24:10
20:24:15
20:24:20
20:24:25
20:24:30
20:24:35
20:24:40
20:24:45
20:24:50
20:24:55
20:25:00
20:25:05
20:25:10
20:25:15
20:25:20
20:25:25
20:25:30
20:25:35
20:25:40

47.8

61
62.9
66.1
54.8
45.4
25.4
18.5
25.5
43.7
49.1
56.2
56.5
47.3
37.6
33.8
17.6
27.6
44.7
49.3

50
47.5
38.7

38
30.6
28.5
18.8

23
36.6
45.3

42
43.6

37
322
18.5
42.5
56.8
56.4

54
54.3
45.5

41
29.6

177.2
164.9
174.3
177.6
179.4
188.2
202.3
254.3
325.7
330.9
342.4
359.5
354.7
349.8
353.1
346.9
261.6
195.4
175.3
172.5
166.5
180.7
181
188.6
182.9
224.1
279.7
325
3514
353.4
358.9
350.5
4.6
358.8
308.6
190.1
178.4
177.3
179.7
173.3
183.7
185.2
198.4

157.2
144.9
154.3
157.6
159.4
168.2
182.3
234.3
305.7
310.9
3224
339.5
334.7
329.8
333.1
326.9
241.6
175.4
155.3
152.5
146.5
160.7

161
168.6
162.9
204.1
259.7

305
3314
3334
338.9
330.5
-15.4
338.8
288.6
170.1
158.4
157.3
159.7
153.3
163.7
165.2
178.4

2.4
15.9
6.3
2.7
0.6
-6.5
-9.6
-17.8
-14.4
-21.2
-14.9
-0.5
-5.2
-8.4
-4.5
7.7
-17.4
7.3
3.7
6.4
11.7
-0.6
-0.7
-5.7
-1.5
-19.8
-18.6
-13.2
-5.5
-5.2
0.8
-7.2

-0.7
-14.5
-7.5
1.6
2.6
0.3
6.3
-2.9
-3.7
-9.3

-26.6
-44.6
-48.9
-48.6
-47.5
-38.7
-37.6
-30.6
-20.5
3.2
18.8
36.2
45
42
43.1
36.8
32.2
11.6
-41.8
-56.8
-56.4
-54
-53.9
-45.4
-40.8
-28.1

11.7

11.7

11.7
11.69
11.69
11.69

11.7
11.69

11.7
11.69
11.69
11.69
11.69
11.69

11.7
11.69
11.72

11.7
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69

11.7
11.69
11.69
11.69
11.69
11.69
11.69

11.7
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

20:25:45
20:25:50
20:25:55
20:26:00
20:26:05
20:26:10
20:26:15
20:26:20
20:26:25
20:26:30
20:26:35
20:26:40
20:26:45
20:26:50
20:26:55
20:27:00
20:27:05
20:27:10
20:27:15
20:27:20
20:27:25
20:27:30
20:27:35
20:27:40
20:27:45
20:27:50
20:27:55
20:28:00
20:28:05
20:28:10
20:28:15
20:28:20
20:28:25
20:28:30
20:28:35
20:28:40
20:28:45
20:28:50
20:28:55
20:29:00
20:29:05
20:29:10
20:29:15

18.6
22.6
325
50.8
553
55.1
51.6
40.6

31
26.9
48.8
58.4
65.7
58.9
42.2
34.6
30.4
214
27.4
40.3
52.1
56.7
59.5
49.7
38.3
33.8
19.6

16
25.6
28.6
38.4
46.4
48.4
42.6
32.2
30.5
22.8
20.9
26.5

39

47
50.7
42.8

238.6
3104
348.5
351.2
355.5
352.4
356.4
344.8
327
212.8
182.8
173.9
166
179.7
185
193.4
195.9
266.1
323
354.9
348.4
353.3
356.4
345
356.6
339.2
309.7
277.7
188
182.1
175.7
167.5
180.6
175.3
178
182.7
211.8
279.8
321.3
338.2
341.1
352.6
4.2

218.6
290.4
328.5
331.2
335.5
3324
336.4
324.8

307
192.8
162.8
153.9

146
159.7

165
173.4
175.9
246.1

303
334.9
3284
333.3
336.4

325
336.6
319.2
289.7
257.7

168
162.1
155.7
147.5
160.6
155.3

158
162.7
191.8
259.8
301.3
318.2
321.1
332.6
-15.8

-15.9
-17.2
-6.5
-7.8
-4.3
-7.3
-3.3
-10.7
-16.9
-14.6
-2.4
6.2
15.9
0.3
-3.7

-8.3
-21.4
-16.5

-3.6
-10.4
-6.6
-3.8
12.9
-2.3

-12
-15.1
-15.9

-3.6

-11

2.9
10
-0.5
35
11
-1.4
-12
-20.6
-16.6
-14.5
-15.2
-6.5
3.2

-9.7
14.6
31.8
50.2
55.1
54.6
515
39.2

26
-22.6
-48.7
-58.1
-63.8
-58.9

-33.7
-29.3
-14
21.9
40.1
51
56.3
59.4
48
38.2
31.6
12.5
2.1
-25.3
-28.5
-38.3
-45.3
-48.4
-42.5
-32.2
-30.4
-19.4
3.5
20.7
36.2
44.4
50.2
42.7

11.7

11.7

11.7
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69
11.69

11.7

11.7

11.7

11.7

11.7
11.69
11.69
11.69
11.69
11.69

11.7
11.69

11.7
11.73
11.71
11.72
11.73
11.72
11.69
11.69
11.69
11.69
11.68
11.68
11.68
11.69
11.68
11.68
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18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009
18.8.2009

20:29:20
20:29:25
20:29:30
20:29:35
20:29:40
20:29:45
20:29:50
20:29:55
20:30:00
20:30:05
20:30:10
20:30:15
20:30:20
20:30:25
20:30:30
20:30:35
20:30:40
20:30:45
20:30:50
20:30:55
20:31:00
20:31:05
20:31:10
20:31:15
20:31:20
20:31:25
20:31:30
20:31:35
20:31:40
20:31:45
20:31:50
20:31:55
20:32:00

44.8
42.9
34.7
23.9
15.7
24.6
36.1
42.9
44.1
50.5
39.3
35.7
31.7
25.2
21.9
20.4
28.4
33.9
41.4
38.9
38.4
31.7
32.9
24.6
28.6
40.5
38.2
57.2
64.1
61.8
57.7
39.8
29.1

356.8
349.3
324.5
305.5
253.8
197.1
160.2
169
171.9
175.2
182.2
186.9
189.3
200.2
259.2
301.6
336
350.3
351.1
347.2
340.3
342.5
53
3211
208.1
184.4
181.6
171.9
168.4
170.3
178
185
189.5

336.8
329.3
304.5
285.5
233.8
177.1
140.2

149
151.9
155.2
162.2
166.9
169.3
180.2
239.2
281.6

316
330.3
3311
327.2
320.3
322.5
-14.7
301.1
188.1
164.4
161.6
151.9
148.4
150.3

158

165
169.5

-2.5
-7.9
20.1
19.5
15.1
-7.3
12.2

8.2

6.2

4.2
-15
-4.3
-5.1
-8.7
215
17.3
11.5
-5.7
-6.4
-8.6

-13
-9.5

154
13.5
-3.1

8.1
12.9
10.5

-3.5
-4.8

44.7
42.2
28.2
13.9
-4.4
-23.6
-33.9
-42.1
-43.7
-50.3
-39.3
-35.4
-31.3
-23.7
-4.1
10.7
25.9
334
40.9
37.9
36.1
30.2
32.7
19.1
-25.3
-40.4
-38.2
-56.7
-62.8
-60.9
-57.7
-39.7
-28.7

11.7
11.71
11.76
11.78
11.77
11.75
11.75
11.74
11.71
11.71
11.72
11.69
11.69
11.69
11.69
11.69
11.69
11.68
11.68
11.69
11.69
11.69

11.7
11.72
11.75
11.76
11.71
11.71
11.69
11.68
11.69
11.69
11.69
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E

amplitude
period

Samples of calculations that STEM carries out.

Count

EoRCTE2rvouombwn oo

o

4370
4371
4372
4373
4374
4375
4378
4377
4378
4378
4330
4331
4382
4333
4384
4335
4386

Mean Max Mean Max Mean Max Device | HoME | | PARK |

Flow Flow Hyd Pow Hyd Pow Dev Pow Dev Pow Output

ms” ms™ KWm?  kWm? KW KW MWha

0.83 1.78 0.44 2.91 32.99 216 289

Time M. Sz My Kz Ky 04 Total Total u less Th  Power

days ms ms ms™ ms™ ms ms” ms ms ms KWm?

1.28 0.26 0.00 0.26 0.00 0.00 Rectified
12.4206 12.0000 6.0000  11.9670 23.930 25.820

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.62 013 0.00 0.13 0.00 0.00 0.87 0.87 0.00 0.00
1 1.08 022 0.00 0.22 0.00 0.00 1.52 1562 1562 1.81
1 1.27 0.26 0.00 0.25 0.00 0.00 1.78 178 178 2.91
1 115 022 0.00 022 0.00 0.00 159 159 159 2.05
1 073 013 0.00 0.13 0.00 0.00 099 099 0.00 0.00
1 0.14 0.00 0.00 0.00 0.00 0.00 0.13 013 0.00 0.00
1 -0.50 -0.13 0.00 -0.13 0.00 0.00 -0.75 075 0.00 0.00
1 -1.00 -0.22 0.00 -0.22 0.00 0.00 -1.45 145 145 1.55
1 -1.26 -0.26 0.00 -0.25 0.00 0.00 -1.77 1.77 1.77 2.34
1 -1.20 -0.22 0.00 -0.22 0.00 0.00 -1.64 164 164 2.26
1 -0.84 -0.13 0.00 -0.12 0.00 0.00 -1.09 1.09 1.09 087
1 -0.27 0.00 0.00 0.00 0.00 0.00 -0.26 0.26 0.00 0.00
1 0.37 013 0.00 0.13 0.00 0.00 0.63 0.63 0.00 0.00
1 091 0.22 0.00 0.22 0.00 0.00 1.36 1.36 1.36 1.23
1 123 026 0.00 025 0.00 0.00 1.74 174 174 270
1 124 022 0.00 022 0.00 0.00 168 168 168 242
1 094 013 0.00 012 0.00 0.00 119 119 119 0.86
1 0.40 0.00 0.00 -0.01 0.00 0.00 0.39 0.39 0.00 0.00
1 -0.24 -0.13 0.00 -0.13 0.00 0.00 -0.50 0.50 0.00 0.00
1 -0.81 -0.22 0.00 -0.22 0.00 0.00 -1.26 1.26 1.26 1.02
1 -1.19 -0.26 0.00 -0.25 0.00 0.00 -1.70 170 170 251
1 -1.26 -0.22 0.00 -0.22 0.00 0.00 -1.70 170 170 252
1 -1.02 -0.13 0.00 -0.12 0.00 0.00 -1.27 1.27 1.27 1.05
2 -0.53 0.00 0.00 0.01 0.00 0.00 -0.52 052 0.00 0.00
2 010 013 0.00 0.14 0.00 0.00 0.37 0.37 0.00 0.00
2 071 0.22 0.00 0.23 0.00 0.00 1.15 1.15 1.15 0.78
190 -1.10 0.22 0.00 0.22 0.00 0.00 -0.65 0.65 0.00 0.00
191 -0.65 0.28 0.00 025 0.00 0.00 -0.14 014 0.00 0.00
19 -0.03 0.22 0.00 0.22 0.00 0.00 0.40 0.40 0.00 0.00
191 059 013 0.00 012 0.00 0.00 034 084 0.00 0.00
19 1.06 0.00 0.00 -0.01 0.00 0.00 1.05 1.05 1.05 0.60
191 1.27 -0.13 0.00 -0.13 0.00 0.00 1.01 1.01 1.01 0.53
19 1.16 -0.22 0.00 -0.23 0.00 0.00 0.71 0.7 0.00 0.00
19 0.76 -0.26 0.00 -0.25 0.00 0.00 0.25 025 0.00 0.00
19 017 -0.22 0.00 -0.22 0.00 0.00 -0.27 027 0.00 0.00
191 -0.47 -0.13 0.00 -0.12 0.00 0.00 -0.71 0.7 0.00 0.00
191 -0.98 0.00 0.00 0.01 0.00 0.00 -0.97 097 0.00 0.00
191 -1.25 0.13 0.00 0.14 0.00 0.00 -0.99 0.99 0.00 0.00
191 -1.21 022 0.00 023 0.00 0.00 -0.78 076 0.00 0.00
19 -0.86 0.28 0.00 0.25 0.00 0.00 -0.35 0.35 0.00 0.00
191 -0.30 0.22 0.00 021 0.00 0.00 0.13 013 0.00 0.00
19 0.34 0.13 0.00 0.12 0.00 0.00 0.58 0.53 0.00 0.00
19 0.59 0.00 0.00 -0.01 0.00 0.00 0.6 0.85 0.00 0.00

Power
KW

0.00
0.00
134.41
21577
15225
0.00
0.00
0.00
115.08
210.58
167 .58
4940
0.00
0.00
95.28
20050
179.52
63.50
0.00
0.00
76.01
186.14
1687 .34
78.08
0.00
0.00
58.12

0.00
0.00
0.00
0.00
44 .66
39.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Power

max at

installed
kW

0
0
134
216
152

115
211
168
49

a5
201
180

63

76
186
187

m
de

ccccocococccco@hocoos

Power

max at

installed
MW

0.00
0.00
013
022
015
0.00
0.00
0.00
012
0.21
017
0.05
0.00
0.00
0.10
020
018
0.06
0.00
0.00
0.03
019
013
0.08
0.00
0.00
0.08

0.00
0.00
0.00
0.00
0.04
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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F Questionnaire

Questionnaire concerning the harnessing of tidal energy
Question 1

Gender: Female 3, Male 17

Age (20-30) (30-40)2 (40-50)7 (50-60)2 (60-70)7
Question 2

Who are you?

Local resident 8
Policy maker

Local farmer/ landowner 7
Government official 1
Representative of NGO 1
Other 4
Comments:

Question 3

Would you attend a stakeholder meeting to discuss tidal power plant in your area?

Yes 17

No 1

Comments :
Question 4

Do you understand what the project will do, what it will look like and what the impact
of the project will be?

Yes 18
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No 0
Comments:
Question 5
Do you agree with building tidal power plants in the Westfjords?
Yes 15
No 1
Don't know 2
Comments
Question 6

Do you think the project will have a positive or negative impact on you?

Positive 13
Negative 1
Don't know 2
Comments

Question 7

Do you think the project will have economic benefits?

Yes 13
No 0
Don't know 3

Local economic benefits of jobs during construction 10

Local economic benefits of jobs during operation 11
Other local economic benefits 0
Question 8

Do you think the project will have negative impact on the environment?

Yes 6
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No 6
Don't know 5
If yes, in what way? Check all applicable (More than one answer allowed)
Pollution from the construction and siting of the turbines 3
Sight spoiling, negative impacts to the aesthetic enjoyment of the ocean 1
Impact on commercial and recreational fishing 1
Impact on water recreation usages 0

Impact on water based tourism usages inthe area 1

Impact on local property values 0
Impact on seaweed harvesting 5
Impact on wildlife 4
Impact on birds 1
Comments :

Question 9

Do you think that government rules and regulations guarantee good, safe and clean
construction and operation?

Yes 6

No 2

Don't know 8

Comments :
Question 10

Do you think there will be conflict concerning this project?
Yes 11
No 2

Don't know 4
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Questionnaire concerning the harnessing of tidal energy

Q1
Age

0-30

30-40
40-50
50-60
60-85

Q2

Who are you?
Local resident

Policy maker

Local
farmer/landowner
Governmental official
NGO

Other

Comments:

Female 3
Male 17
Female
15%
0% 5%
0 m0o-30
1 m30-40
7 m40-50
4 ®50-60
7
m60-
9
0
7
1
1
5

B Local resident

H Policy maker

m Local
farmer/landowner

B Governmental
official

BENGO
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Q3

Would you attend a stakeholder meeting to discuss tidal power plant in your area?
Don't

Yes 19 know

No 1 0%

Don’t know

Q4

Do you understand what the project will do, what it will look like and what the impact

of the project will be?

Yes 20
No 0
Q5

Do you agree with building tidal power plants in Porskafjérour?
Yes 17

No

Don’t know

Comments: Positive. Need more information.

Don't
know
10%

No
5%
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Do you think the project will have a positive or negative impact on you?

Negative

Don’t
know
17%

Q6

Positive 14

Negative

Don’t know

Q7

Do you think the project will have economic benefits?
Yes 15

No 0

Don’t know 3

Local economic benefits of jobs during construction
Local economic benefits of jobs during operation

Other local economic benefits
Comments:
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Q8

Do you think the project will have negative impact on the environment?
Yes 6

No 7

Dont’t know 6

If yes, in what way? Check all applicable (More than one answer allowed)
Pollution from the construction and siting of the turbines

Sight spoiling, negative impacts to the aesthetic enjoyment of the ocean

Impact on commercial and recreational fishing

Impact on water recreational uses

Impact on water based tourism uses in yhe area

Impact on local property values

Impact on seaweed harvesting

Impact on wildlife
Impact on birds

Sight spoiling,

to the aesthetic

ocean
5%

Impacton

recreational
fishing
5%

0%

Impacton

inyhe area
6%

negative impacts

enjoyment of the

commercial and

Impact on water
recreational uses

water based
tourism uses

P N O O FR P W
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Q10

Do you think there will be conflict concerning this project?
Yes 11

No 4

Don’t know 4

Comments: Environmental issues. Between local inhabitants. Environmentalists.




