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Abstract

After the volcano eruption in Katla 1918 the coastline by the town of
Vik i Myrdal accreted about 500 to 600 m, until 1971. From then the
coastline has erode about 350-450 m and is today about the same as
it was prior the eruption. A part of the town is close to the today’s
coastline and a solution for the erosion is needed to prevent further

erosion.

In this thesis the sediment transport is estimated with the Litpack
model (by DHI-group). The directional equilibrium of Vik’s coast is
estimated and the water depth where the sediment transport occur is
estimated.

The theories of spiral form coastline and equilibrium profile is intro-

duced and possible coastline estimated.
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CHAPTER 1

Introduction

1.1 Background

The project site is Vik { Myrdal, a small village on the South-Coast of Iceland.
This study is a master degree project at the Civil Engineer Department of the
University of Iceland and is done in cooperation with Icelandic Maritime Admin-
istration.

Iceland is located at the low pressure zone where the wind is strong resulting
in high waves. The high waves makes the South-Coast one of the most exposed
coasts in the world. With both the wave action, dominating from South-West
direction, and the sediment transport, to east, the south coast of Iceland is con-
stantly changing.

Most of the populated area on the South part are not located at the coast but
Vik is the only village located next to the coastline.

After the volcano eruption in the volcano Katla in 1918 a huge volume of sand
formed Kotlutangi which was a 2.8 km long sand area (see figure . The
coastline emerged bout 600 m in front of the village Vik but since then it has

retreated for about 350-450 m and the net sediment transport has been to East.



1. INTRODUCTION

1.2 Objective

The goal of this study is to calibrate the net sediment transport model with the
Vik’s coast, evaluate the directional equilibrium of the beach and present a so-
lution for the erosion problem. The theories of the equilibrium profile and the

coastal spiral shape is applied to evaluate probable location of the future coastline.

The main chapters are six in total:

The second chapter covers the coastline history of the coast by Vik, it’s char-

acteristic and the waves which affect the coastline.

The third chapter covers the scientific part of alongshore sediment transport
calculations, the theory of a coastal equilibrium profile, the theory of coastal

spiral form and the measurements of the beach material is explained.

The fourth chapter is where the wave and sediment transport model Mike is
introduced. The wave model Spectral waves and the sediment transport

model Litpack is explained and the simulations for the coast explained.

The fifth chapter covers the result from the sediment transport by Litpack,
the equilibrium profile and the spiral shape of Vik’s coast.

The sixth chapter is a conclution about the study.

1.3 Literature Review

In the report: Sediment Transport and Morphology at Bakkafjara (DHI-Group
2006) the sediment transport model (litpack) which was used in the calculation of
possible sediment transport in the harbor. The report was first published in 2006
where the sediment transport morphology were explained. The model calibrations
were done at Vik’s coast because its characteristics are similar to Landeyjarh6fn
Beach. The environmental factors that could affect the sediment transport were

analysed and possible accumulations in to the harbor area estimated per year.



1.3 Literature Review

The theory of coastal spiral form is explained in the book: Coastal Stabilization
(Silvester & John R. C. Hsu 1997). Two main theories are explained, logarithmic
shape and parabolic shape, and their history reviewed. Coastal protection is also

introduced for sandy coasts.

Coastal profiles and beach definition are explained in K.Mangor 2004. Everything
regarding the coastal zone is covered as well as the along shore sediment transport

is introduced with the theory of equilibrium profile.
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CHAPTER 2

The Environmental condition at Vik

The South Coast of Iceland is a 400 km long sandy beach which is nourished from
Glacier Rivers around. The heavy wave action makes the Iceland’s South coast
one of the most exposed coast in the world, South-West waves dominate both in
frequency and energy.

The shape of the South Coast gives us information about in which direction the
net sediment transport is. Figure (LM.A 2011) shows the West side of the
headlands, Dyrholey and Reynisfjall, the beach reaches to the tip of them, while
there is a gap on their east side, especially at Reynisfjall where the gap is about
1400 m. These gaps are caused by erosion because of the net transportation to
the East. The erosion, on an infinite long beach with a steady wave climate,
would be steady along the coast. A headland, Reynisfjall and Dyrholaey, causes
accumulation on one side (West side with Reynisfjall) while it cause erosion on
the other (East side with Reynisfjall).

2.1 Coastline history

Before the Katla eruption in 1918 the coastline was about the same as it is

today. The beach in front of Vik was narrow and the erosion from 1904-1919
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Figure 2.1: Overview - Vik i Myrdal coast

was significant, Figure (ILM.A 2011) shows how the coastline at Vik changes
from 1904 to 2009. The flooding caused by the eruption brought huge volumes
of material to the sea, mainly sand. The beach south of Hjorleifsh6foi emerged
about 2,8 km further out than it is today and formed Koétlutangi and 1.5km at
the Mulakvisl River As a result of the wave action this material spread out, both
to west and east as well as offshore. Figure[2.3](I.M.A 2011) shows how the beach
has emerged of about 500 to 600 m up to 1970. Since then there has been erosion
at Vik of about 350 to 450 m. (S.Sigurdarson 2010)



2.1 Coastline history
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2.2 Seabed

Seabed measurements were done in 2008 and 2010. The measurements done in
2010 reach -10 m water depth while the one 2008 reach -20 m water depth. Figures
and (ILM.A 2011) shows the seabed from 2008 and 2010. The differences
in the measurements are clear close to the Reynisfjall Mountain and the Reynis-
drangar. In the measurements from 2010 accumulation, East of Reynisfjall and
Reynisdrangar, was between the years. By that it can be assumed that the sed-
iment transport is to East between the Reynifjall Mountain and Reynisdrangar.

The rest of the area is similar to each other, normal erosion/accretion.
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Figure 2.4: Measurements made in 2008 and 2010
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2.3 Wayves

Waves can be generated by earthquake (Tsunami), wind or by gravity. Waves can
range between short waves, with periods about 0.1 s to long waves, with period
of minutes to hours. Wave generated waves are waves with short periods which
are measured in seconds. The waves at the South Coast of Iceland are generated

by the wind and gravity where the highest wave height measured is about 25 m.

e

A - £
18,5] | |
c :]F II- | i

0N g ST e ET i o T ) T e (I
12,2 : G . 18] . { |

74| | [ (173 | hva J]185 il A
i

ST PAMSCY ERSTY BLATW RSN R BREYY EWETV IRSTY 1@ WS s

Figure 2.5: Wave Hindi Cast points - Wave hind cast points around Iceland

The wave force and its direction is the drive force in sediment transport. The
European Centre for Medioum-Range Weather Forecast, ECMWF, do a wave
hind cast in 22 points around Iceland which can be seen in Figure (ECMW
1975) where 1 year wave height, 100 year wave height and a wave with 98%
variation is showed. The wave data used in this project are taken from hind cast

point number 19 and are the points showed in

10



2.3 Waves

2.3.1 Wave height

The average deep water wave height the past 10 years is showed in figure [2.6b

where the highest average wave height was > 3 m in 2008.

Wave height, jan 2001 to feb 2011
T T T T T T T

SWL 2

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

(a) Wave parameters (b) Average wave height

Figure 2.6: Wave parameters and average wave height

The maximum wave height over these 10 years was calculated to be 12.1 m, in
2007 and can be seen on Figure [2.7]

sh[-]
wave height ignificant wave height

2000 2001 ! 2002 2003 2004 2005 2006 2007 2008

(a) Hg 2001-2005 (b) Hg 2005-2011

Figure 2.7: Hg for 10 years

2.3.2 Wave Direction

The wave direction is dependent on the seabed depth because the wave transforms

when the seabed is ~ % The deep water weighted average wave direction is

11



2. THE ENVIRONMENTAL CONDITION AT VIK

showed in figure [2.8] The data’s were weighted with the wave height in the power
of 3. (Mangor 2004)

Wave direction 2001- feb. 2011
250

200

100

Figure 2.8: Wave direction - Weighted average wave direction for 2001-2011

Figure [2.8 shows that the wave direction varies from 170° to 220° but the highest
weighted average wave height was the year 2006 where it was 219°. The lowest

weighted average wave direction was 175° in 2003, pure South-West wave direction
is 225°.

12



2.3 Waves

2.3.3 Wave refraction at Vik

Wave transformation analysis was done for three dominating wave direction, i.e.
South-West, South-East and East, for the reason if a West going sediment trans-
port is possible along Reynisfjall. Figure (ILM.A 2011) shows the direction of
the South-East wave at Vik. Because the wave transformation turns the wave, it
will end up being parallel to the seabed, the wave current force is unable to move
the sediment along the Reynisfjall Mountain. It can be assumed that the sedi-
ment transport to East stop at the Reynisfjall Mountain and form accumulation.

(Figures from South-west and East can be seen in appendix)
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Figure 2.9: South-east wave - South east wave and its direction
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2. THE ENVIRONMENTAL CONDITION AT VIK

2.4 Beach material

Knowing the size of a beach material when calculating sediment transport is im-
portant since the formulas for calculating the sediment transport are dependent
on the grain size. A normal soil test should be made before the sediment calcu-
lations can start where the unit weight of the material is measured as well as the

mean grain size diameter, dsg.

A Borro test shows how deep is to a hard bottom, i.e. the depth of the sand layer.
It is done with a Borro hammer with a diameter of 3 cm. The hammer is dropped
from 50 cm at the same location and the displacement measured between each
drop. When the number of drops which takes the hammer to move 0.25 m, the
case of Vik i Myrdal, is increasing fast it state that the bottom of the sand layer

is close.

Figure 2.10: - Borro example, when the number of drop increases fast it is close
to the hard bottom

The soil at the Vik’s coast has been evaluated with soil tests. The results from
the Borro test made in March 2010 can be seen in Figure and an overview
of Borro test points in Figure (LM.A 2011).  The result shows that the
beach closest to the Reynisfjall Mountain has hard bottom at the location about
-6 m from the surface (zero line). The further from the Reynisfjall Mountain the
deeper the hard bottom is because the hammer needs more drops to go through
a layer of material, see figure (ILM.A 2011).

Figure [2.13[L.M.A 2011) shows measurements on the sand grain size which were

14



2.4 Beach material

499.128,568 323.112,002 4,124
Bi-B 499.112,830 323.167,020 7,200

BI-C 499.081,821 323.267485 9,651
B2A 499611518 323,278,472 3,021
B2B 493583171 323.255,174 4,406
B2C  499.541,650 323460917 5,112
B3A 499.997,586 323.323,248 3,926
B3B 499590477 323.432,324 4,611
B3C 499.983,769 323.538,541 3,892
B4A 500484,775 323.334,924 4,913
B4B 500476246 323.428,971 6,557
B4C  500452,949 323.627,937 5,523

Figure 2.11: Overview of Vik - The placement of borro test
done in 2008 around the profiles 0-F in 0 to -bm water depth. The sediment size

varies from 0.2mm, in deeper water, to 0.5 mm, in shallow water. The average

sand grain size was estimated to be around d5o=0.25 mm.

15



2. THE ENVIRONMENTAL CONDITION AT VIK
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Figure 2.12: B1 to B3 - Results from a Borro test
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2.4 Beach material

Figure 2.13: Sand size - d5g measurements on the coast
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CHAPTER 3

Alongshore Sediment Transport

3.1 Coastal Sediment Transport

The shape of a coast is heavily dependent on the sediment transport. It is driven
from the wind, the wave and the current. The environmental condition is the

main factor of how much the erosion will be.

3.1.1 Types of sediment transport

Sediment transport is normally divided into 3 categories: Suspended sediments,
bedload and sheet flow.

Suspended sediments is the sediments particles which mix with the water because
of turbulent water flow, i.e. after the wave breaking. The sediments which are
transported as suspended sediments are small, with stronger wave force bigger
particles can be transported and more concentration will be in the water.
Bedload is a form of sediment transport and is when particles are dragged by the
seabed. The wave force form a back and forward motion at the seabed which
move bigger particles from place. Bedload is the particles which are to big to be

suspended but small enough to be transported by the drag force.

19



3. ALONGSHORE SEDIMENT TRANSPORT

Sheet flow is a form of sediment transport which occur under strong waves or
strong current force. The sediments are moved in a thin layer, like a carpet, on the
seabed. The difference between sheet flow and bedload is the transport in bedload
is only bigger particle but sheet flow is a thin layer with both suspended sediments
and bedload which are driven by a strong current. (Lars Erik Holmedal 2007)

3.1.2 Boundary layer

Boundary layer is a small layer just above the seabed. Before breaking the depth
of the layer is much thinner than the water depth and can be seen in Figure [3.1
After the wave breaking the water flow is turbulent and the boundary layer can
therefore be as hight as the water depth.

Boundary layer always exists and can be in either laminar form or turbulent
form. It exists because of a friction from waves and current. Sediment transport
equations are mostly depended on boundary layer condition where the velocity
just outside the boundary layer is the drive force for sediment transport. Many
sediment transport models assume that the sediment transport only takes place
in the boundary layer. The thickness of the boundary layer in a rough turbulent
wave flow is calculated as (DHI-group 2005a):

%w _ 0.072(%)Z (3.1)

where k is the bed roughness in mm and A is the wave amplitude in m.

3.1.3 Cross-shore sediment transport

Cross-shore sediment transport, often called onshore and offshore transport, is
when sediments travel along the profile (perpendicular to the coast). Normally the
transport in cross-shore direction is not much, compared to alongshore transport,
but in heavy winter storms it can be significant part of the sediment transport
where the wave force, which works perpendicular to the beach, is the sediment
transport drift. In a winter storm the sediments are transported out to a larger
water depth where it forms a bar, the cross-shore profile will be steeper. This is
called a winter profile which is explained in Chapter [3.3]
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3.1 Coastal Sediment Transport
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Figure 3.1: Ocean cross-section - Show how the movement of ocean particle

change with depth

3.1.4 Littoral Transport

Littoral transport, often called alongshore sediment transport, is when a wave
approaches the shoreline with an angle «, see figure (Flanders Marine Institute
(VLIZ) 2007). The wave diffraction starts to affect the wave and turn the wave
crest parallel to the seabed contour. When the water depth becomes 0.8 times the
wave height the wave starts to break and is that the start of the breaking zone. In
the end of the breaking zone the waves break and form circular movement which
cause the sediment to go into suspension sediment and travel in the direction of
the wave driven current. The littoral zone starts immediately after the breaking
zone.

Littoral transport is sediment transport with non-cohesive sediment, i.e. sand.
When using littdrift equations it is important to keep in mind that they are ap-
proached with nearly straight coastline with parallel depth contours, see Chapter
3.3l

When calculating the magnitude of the littoral transport it is important that 3
main parameters are correctly evaluated, i.e. wave height, grain size and wave
incident angle. If these 3 parameters are not measured accurately it can affect

the result and give a wrong result.
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Figure 3.2: Basic of littoral transport - Shows how Littoral drift work

3.1.5 Calculation of sediment transport

The calculation of sediment transport is dependent on the boundary layer condi-
tion, as stated in boundary layer section. The important parameters for sediment
transport can be seen in table [3.1]

Bottom roughness is an important factor in sediment transport and changes in
the roughness alone can lead to an increase in net transport. For flat bottoms
the roughness is related to the average sand grain diameter. (Lars Erik Holmedal

2007)

d
ky = 2.5d5g <= 29 = % (32)

For seabed with ripples with height 1 and length A the seabed roughness can be

calculated as: )

n
%0~ (3.3)
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3.1 Coastal Sediment Transport

Table 3.1: Important parameters

Wave Velocity amplitude Vo
Wave Frequency w
Wave Amplitude A
Current Velocity Vo
Bed roughness 20
Median sand diameter dso
Sea bed shear stress Ty
Shield number ©
Velocity in still water Wi

The wave force is much stronger than the current force which causes the sediment
transport driven by waves to be much larger than the transport by current. In
Vik the sediment transport in mainly because of waves. Basic mechanism in
sediment transport state that the waves stir up the sediments while the current

transport them. Total sediment transport is calculated as:

G = Gb + s (3.4)

where ¢, is the bedload transportation and ¢, is suspended sediment transport.

3.1.6 Bedload

Bedload sediment transport is dependent on the bottom shear stress from the
current and from the wave. The wave shear stress is calculated from:(DHI-group

2005a)
1
n = 5ol (35)

Where 7, is the bottom shear stress beneath waves, v% is the wave velocity just
outside the boundary layer and f,, is the wave friction factor which is calculated
as: 4 052

fu= 1.395 (3.6)

where A is the amplitude just above the boundary layer.

23



3. ALONGSHORE SEDIMENT TRANSPORT

The shear force from the current is much smaller than the current shear force but
it is still important to calculated it to know the net bedload. (Silvester & John
R. C. Hsu 1997)

7o = dqv? (3.7)
where v, is the current velocity and ¢, is the current friction factor:
04 |,
= (— 3.8
= () (38)

where h is the water depth and zy is the bottom roughness.
Shield number, the dimensionless bottom shear stress, is calculated as: (DHI-

group 20050)
Ty Psediment
o =——— : § = —— 3.9
pg(s — 1)dso p (39)
The critical Shield number is the value which is required to move the sediments,
varies 0.04-0.08. If the calculated shield number is less than the critical then

the shear force is not big enough to move the load. From the calculated shield

number the bedload can be calculate from the dimensionless shear factor, Nielsen
1992:(DHI-group 2005b)

S)

d =1203(0 — 60)@ (3.10)

The bedload is then calculated separately, wave and current, with:
d = —Q (3.11)
Vgs — 1d3,

where Q is the bedload.
3.1.7 Suspended sediment
The formula for calculating the suspended sediment : (DHI-group 2005b)

Qs = / veo( =) dz (3.12)

2ds0 Za

where v is the velocity just outside the boundary layer, z, is the water depth
measured from the bottom, z,,,, is the thickness of boundary layer, b is calcu-
lated:

b=— (3.13)

v
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3.1 Coastal Sediment Transport

where wy is the settling velocity, ¢, can be calculated as: (DHI-group 2005b)

. 0.331(6 — © )™
T 140.720(0 — O )L

(3.14)

To find the calculated shield number equation [3.9| is used with the calculated
shear stress, both for the current and the wave and then the value is inserted into
equation [3.14] with ©, = 0.05. the steps for the shear stress and shield number is
used here to calculate ¢,. Equation [3.12 assume that all the sediment transport

takes place in the boundary layer.
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3. ALONGSHORE SEDIMENT TRANSPORT

3.2 Zones within the Coastal Area

The coastal area is the area which defines the zone offshore to the coast. It is
divided into three different zones, i.e. Littoral zone, beach and coast, Figure
(Silvester & John R. C. Hsu 1997) shows the coastal zone.. Littoral zone is
the area where the alongshore transport(littoral transport) takes place. Inside it,
about 90% of it is the breaking zone. It starts from the depth of closure and end
at the beach.

Beach is the zone of material that extend from mean low water to the line where
nature vegetation is possible, the waves reach that point in storms.

The Coast is more or less vegetated and is normally not influenced by the coastal
processes, but in the most extreme storms the waves can reach to the coast. The
coast is often called the beach material budget so it can nourished to original
form after a severe storm.
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Figure 3.3: - Coastal Area

3.3 Coastal profile

The shape of a coastal profile is mainly dependent on the sediment size and
the environmental conditions both offshore and at the beach. A profile has the

attendance to reshape until it reaches equilibrium. After the equilibrium the only
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3.3 Coastal profile

changes are because of the differences in the wave climate between summer and

winter.

3.3.1 Depth of Closure

Depth of closure is the concept that describes the water depth where the wave
force, on the seabed, is unable to move sediments because the bottom friction
from the wave is small. The wave force decreases linearly from the surface to
the seabed, Figure shows how the wave force decreases. Beyond the depth
of closure the profile is in equilibrium, the changes between years are small.
Hallermaier(1978) proposed a formula to describe the depth of closure (Mangor

2004):
68.5

Hé?,lQh/y(g *T?2)

where Hj 15/, is the wave height with a duration of 12 hours/year, T} is the wave

dc = 2.28 % Hs,12h/y — (315)

period and g is the gravity .

For Hiopyyr=9 m and T = 15.1 s the depth of closure, from eq. , is d.=—20.5
m. The equation is only dependent on the wave height and the wave period. The
depth of closure at the coast by Vik varies by the distance from the Reynisfjall

Mountain because it forms a shelter, wave shadow, over the area.

3.3.2 Seasonal profile

When comparing two profiles it is important to know when the measurements
where taken because seasonal changes can affect the results. Two types of profile
exists, i.e. summer profile and winter profile. The reason for the difference is
that in the winter time the winter storms bring higher waves with more cross-
shore sediment transport. Then a gravel /sand embankment build up a bar in the
breaking zone. When larger waves approach, which happens mostly in the winter
time, they break on the bars because waves breaks when d,, < 0.8H, Figure
3.4 (Department of conservation 2005) shows the difference between the profiles.
Larger waves follows larger wave action but the bars prevent them to reach the

coastline and therefore prevent the erosion of the beach significant. The winter
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3. ALONGSHORE SEDIMENT TRANSPORT

profile is steeper because in the summer the material displacement is landward

and cause the profile slope to be milder.

“Summer” Profile

Wide Berm

‘Winter” Profile
Eroded or No Berm

~\

Dune
scarp

Steeper

Bar Profile

Figure 3.4: Winter- and summer profile - The difference between summer and

winter profile

3.3.3 Equilibrium Profile

Equilibrium profile is a profile that does not vary over time, with only seasonal
changes. When estimate if a profile is under equilibrium it is necessary to compare
two profiles which have been measured in the same period off a year. After a
profile has the shape of equilibrium it does not change much over the years, only
seasonal changes will occur. Formula for calculating an equilibrium profile is
(Dean) : (Mangor 2004)

d= Az™ (3.16)

where A is dimensionless steepness factor and m is dimensionless exponent. A is

according to Dean : (Mangor 2004)
A =0,067w"*" |w, in cm 571 (3.17)

where w; is sediment fall velocity. Fall velocity is dependent on the sediment size,
see table: (Table from Kamphius (Mangor 2004)).
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3.3 Coastal profile

The mean grain size diameter, dso, of the beach material is measured to be around
0.25 mm in profile F therefor A = 0.092. It varies through the beach, from 0.2-0.3:

Table 3.2: Correlation beween dsg and A according to dean equation

dso | 0,00 [ 0,15 [ 020 | 0,25 | 03 | 05 | 1,00 | 2,00 | 5,00 | 10,00

A 0,043 | 0,062 | 0,080 | 0,092 | 0,103 | 0,132 | 0,178 | 0,234 | 0,318 | 0,390

The slope steepness of a equilibrium profile is depended on the grain size which
makes the profile steeper with increased sediment size, the profile should be com-

pared to summer profile when the profile is smooth.
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3. ALONGSHORE SEDIMENT TRANSPORT

3.4 Coastal spiral form

Where headland form a suddens change on a sandy beach a spiral bay is formed
when a beach is under a equilibrium. The process for the beach to reach a static
equilibrium can take a long time, if it will be reached. A beach will first reach a
dynamic equilibrium before it reaches static equilibrium. Four main factors can
be applied to prove the stability of the final shoreline.(Silvester & John R. C.
Hsu 1997)

No further sand is deposited in the trap provided at the downcoast end.
The beach is not receding any further.

Waves are breaking simultaneously around the periphery.

W=

Dye inserted in the surf zone does not move along the beach.

Two empirical equations have been proposed in deriving bay shaped beaches:

Logarithmic Bay Shape and Parabolic Bay Shape.

3.4.1 Logarithmic shape

The equation used today was a result of Krumbein(1944) research when he ex-

amined beach processes of Half-Moon bay near California.:

o _ exp  cot « (3.18)
Ry

The equation applies only to the curve part of the beach in the shadow zone. If
the coast has only one fixed point, like Vik i Myrdal, the formula does not apply.
From figure (Silvester & John R. C. Hsu 1997) the spiral is explained further.
The Vik’s coast has only one fixed point, Reynisfjall, and the shape of the bay is

not like the figure shows.
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3.4 Coastal spiral form

Figure 3.5: Logarithmic spiral - Definition of logarithmic spiral approach

3.4.2 Parabolic shape

The parabolic approach is the method which is used mostly today and was dis-
covered by Silvester and Hsu, i.e. an equation which simulate a coast under
equilibrium with a parabolic shape:

R 3083

R_O - 081 90.77

where 3 is the angle between the approaching wave and Ry and @ is the angle

(3.19)

between a radius R and the approaching wave angle.

The approach can be seen in figure [3.6(Silvester & John R. C. Hsu 1997) where
Ry is the radius from the diffraction point to a point on the coastline where the
effects from the headlands doesn’t valid, see ﬁgur(Silvester & John R. C.
Hsu 1997).
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Figure 3.6: Parabolic spiral - Sketch of the parabolic approach by Hsu
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3.5 Coastal Protection

3.5 Coastal Protection

There are several ways for preventing erosion but the two most used solutions are
a groyne field or a detached breakwater. Both solutions are used widely over the

world but are used in different scenario.

3.5.1 Groyne

A groyne is designed to capture the sediments, which prevent them moving along
the coast and changes the direction of the coastal profile, it will reach equilib-
rium. It needs to be placed perpendicular to the dominating incoming wave angle
which affects the sediment transport. Because a groyne prevent normal sediment
transport an accumulation occur in the direction of the net sediment transport

direction, i.e. if the net sediment transport is to the left an accumulation will

[

(&

Net sediment transport

Original coastline

Figure 3.7: Groyne - The parameters needed for building a groyne

occur to the right side of the groyne(see Figure , and erosion on the other
side. It is important when designing a groyne or groyne field to take into account
that an erosion will happen.

The coastline that is affected by a groyne will have a spiral form and is the

length of the new coastline same to the point not affected by it, same as R,
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3. ALONGSHORE SEDIMENT TRANSPORT

when calculating a parabolic form bay. When placing more than one groyne it is
important to place them in a distance D from each other where D is the distance

from the groyne where it does not affect the wave.

3.5.2 Detatched breakwater

Detached breakwaters, near shore detached breakwaters, are used to reduce the
incident wave energy on a coast which is affected by it (johnson, wilkens, Parsons
& Chesher 2010) and therefore reduce the sediment transport on the beach. The
breakwater form a salient or tombolo (see figure (Flanders Marine Institute
(VLIZ) 2007)) and the size of it is dependent of the length of the breakwater.
When placing a detached breakwater fields the distance between them needs to
be at a distance from it where the other breakwater does not affect the coastline.
To calculate how the coastline behind a tombolo will form the parabolic shape of

a coast is used.

o Legend:
Prevailing \ : o = X
waves i o
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Undisturbed L L,
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Figure 3.8: Detached Breakwater - Basic of a detached breakwater

34



CHAPTER 4

Modeling of Wave and Sediment Transport at Vik

4.1 Numerical model Mike

Mike can calculate wave hind cast and and sediment transport calculations. There
are packages available where every single one is made for specific calculations.
The packages used for wave analyses and sediment transport in this study are:
Mike-SW and Mike-Litpack, Litdrift (it is designed by Danish Hydraulic Institute
(DHI-group)).

4.1.1 Mike-SW (Spectral Waves)

Mike-SW is designed to calculate the wave parameters offshore to an area of
interest. The measurements of the seabed are important because the wave trans-
formation is dependent on it. It is important to have good measurements of the
seabed so the wave transformation calculations in Mike-SW will be accurate, Fig-
ure [4.2 shows the seabed input for Mike-SW. A triangulated mesh is defined from
the seabed measured points where the size, area, of the triangles is large in deep
water while it is denser closer to the coastline, (varies from 900 m? to 500.000

m?). The size of the triangles are important for the reason that the simulation
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Figure 4.1: Seabed - Depth on the seabed

time is dependent on the size and the number of triangles, the more triangles the

more time it takes to calculate the wave parameters for the area.
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Figure 4.2: Mike-SW setup - Triangulated area with different triangle size

Many parameters needs to be modified before a simulation can start, see Table[4.2]
The wave breaking constant is w,=0.8 Hg and the bottom friction is estimated
as ky=4.5 mm, as average bottom friction. Mike uses Newton-Rapson iteration

to calculate the wave parameters in every point from the original one.
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4.1 Numerical model Mike

Table 4.1: Parameters needed for Mike-SW

Wave parameters Value
Wave height From ECMWF
Wave period From ECMWF
Wave direction From ECMWF
Wind force From ECMWF
Wave breaking constant H, =0.8Hg

Mean water level
Bottom friction
Current

Ice

Diffraction

Fetch

3 m above M.W.L
Estimated 0.0045 m
No current
No ice
Soothing factor=1

Jonswap formula

For the simulation made for the years 2000-2011 the wave data were to heavy
for the program that it was needed to divide them into two parts, 2000-2005 and
2005-2011 and took the simulation for each part approximately one week. The
output file contains wave parameters Hy, T, and wave direction only for the area
closest to the coastline for every 6 hours. The wave parameters calculated in
Mike-SW are used to make wave climate file, which is a input file for Litdrift.
Profile file is also needed as a litdrift input.
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4.2 Mike-Litpack,litdrift

Litpack is a package from Mike-zero which can calculate sediment transport.
Litpack is divided into two packages, i.e. Litdrift and LitSTP, and is Litdrift
used in this study because it can calculate the alongshore sediment transport.
The formulas used in Litdrift assume that the coast is long with little variation
in coastline direction and the seabed should we single sloped. Because these
condition are not valid for the Vik’s coast the model needs to be calibrate to give
good results.

With measured irregular wave data’s and a variance in profile shape it is recom-
mended to use the model of Battjes and Janssen for the calculation. The model
is based on occurring in a bore and the local probability of the wave breaking.
The results are used as a sink in the energy balance equation, which is integrated
to obtain the wave height, H,,,s, as a function of distance from the coastline
(on-shore distance). The basis for the statistical description of the wave heights
is the Rayleigh distribution (DHI-group 2005a).

The wave energy balance equation for a stationary situation is

J

(;T(Og:vE) + Ediss =0 (41)
where
E = {pgH? . is the mean wave energy
Cozr = %c(l + g) cos « is the group velocity in x-direction
Egiss is the time-mean dissipated power per unit area.

Wave energy is dissipated due to wave breaking as:

1 1
where
X Is an adjustable constant
Qs Is the fraction of breaking or broken waves
H, s Is the local maximum allowable wave height
Q@ Is the dissipation factor

@y is the key variable in the formulation, and controls the rate of dissipation.
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4.2 Mike-Litpack,litdrift

The fraction, @y, of the waves that are broken

which, according to the Rayleigh distribution,

is given by the number of waves

would have been larger than the

maximum wave height. The Rayleigh distribution method is changed so that no
wave heights exceed Hq,. (Litdrift manual, (DHI-group 20054) )
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Figure 4.3: Profile A, D and F - Comparison
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of profile measured 2008 and 2010

A profile needs to be defined for Litdrift calculations and its length needs to span

the coastal area. The profile used in this study were profile F and profile D as

shown in Figure [1.3] The following table shows the variables needed as an input

for the coastal profile F:

Table 4.2: Variables for coastal profile F

Mean grain size
Fall velocity
Roughness

Geometrical spread

Figure [4.4 shows a close up at the area of Vik.
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the closest model points. Full overview of the model points and the profiles can

be seen in appendix.
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Figure 4.4: Profile overview - The location of the profiles and points
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4.2 Mike-Litpack,litdrift

4.2.1 Litpack sensitivity analyze
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Figure 4.5: Profile D - Accumulated sediment transportation with different ori-
entations 160° , 175° and 190°

The sensitivity analyses were done for wave data for the years 2008-2010 because
that time interval is that what DHI-group used (DHI-Group 2006) , on the coast
at Vik, to calibrate the model when calculate the sediment transport in Landey-
jarhofn project. The most important factors that need further analyses are: the

profile direction, profile shape and the average sediment size.

If a wave approaches the coastline perpendicular to it the net sediment trans-
port should be close to zero. During these two years the average wave direction
was about 190° which state that when the profile orientation is about 190° the
net sediment transport should be around zero. Profile F was run in litdrift with
three profile orientation, i.e. 160°, 175° and 193°, with wave data from -20m

water depth in a line from profile F. The result gave that 15° profile orientation
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change result in 40Mm? in difference, with profile direction of 175° the net sedi-
ment transport was -30mM? but with a direction of 190° the sediment transport
was 10Mm?. The net sediment transport is about zero when the profile direction

is ~190°.

oo
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Figure 4.6: Profile D and F - Difference in sediment transportation with profile
D and F with beach orientation of 193°

In 2008, when the measurements were done and this study is based on, the ori-
entation of Profile A and B was 171°, D is 177° and F was 180° (from North).
About 800 meters from east of profile F the beach reach directional equilibrium
for couple of km east where its orientation is 193°. Based on the measurements
the net sediment transport was to east over the period as shown in the Figure
4.3l

Net volume sediment transport was calculated when two profiles, profile D and
profile F' (measured 2008) were compared as shown in Figure Its shape
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4.2 Mike-Litpack,litdrift

matters when calculate the net sediment transport. The sediment transport sim-
ulation with profile D was 18Mm? while simulation with profile F was 6Mm?3,
3 times more. The difference between the profiles is that, one is located in the
shelter area from the Reynisfjall Mountain while the other isn’t but it state that
it is important to have good measurements of a coastal profile when simulate the

sediment transport volume calculations.
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Figure 4.7: Profile F - Wave data’s in 20m depth, profile orientation 193°
d50=0.25 mm (blue line) and dsp= 0.5 mm (dark line)

The grain size is important because bigger sediments needs bigger shear force to
move, 7. It is essential to know if the net volume will change much with different
sediment size. Figure [£.7] shows that the model isn’t as sensible for diameter
change as the beach orientation or the profile shape but it is important. The
difference in sediment transport, according to Figure is 2Mm? which is 10%
erTor.

The sensitivity analyses showed that the profile orientation, the profile measure-

ments and the grain size are the most important factors in sediment transporta-
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tion. Another important factor is to determine where and how the shelter from
the Reynsifjall Mountain influence the sediment transport capacity. This is done
by using wave data from points which are outside the shadow area and points
which are located inside it. To make this study easier to interpret it was decided
to use the same beach profile for these simulations, profile F. It is important to
keep in mind that the area of interest is 2km long but there are only four good

profiles available which will result in not accurate measured sediment transport.

4.2.2 Litdrift simulations 2000-2005

The period 2008-2010 was unique for the reason the south west wave was stronger
than the past decades. The wave directions were almost equal in all three direc-
tions ( south-west, south east and east) and the sediment transport was positive,
but the past decade the coast has retreat for about 350 m, from 1971. From
the wave data’s from F5y the dominating wave direction was south-west, which
follows sediment transport to East.

The first simulations were run with profile F with wave data from Dsyg, D12, 250,
Dis,,500 and Dyo, where Dy (see glossary) is located outside the shelter from The
Reynisfjall Mountain but Dy, is located inside the shelter as shown in Figure
The net sediment transport over these years, with a correct beach orientation
(177°), result in east going sediment transport, about -300Mm? for wave datas
from Dyy. The sediment transport closest to the Reynisfjall Mountain and the
beach should give the smallest net sediment transport to east because the effect
from Reynisfjall should result in eastern wave data’s but because the bottom is
irregular the net sediment transport with the wave data from Djs,,250 result in
transport, about 170Mm?.

4.2.3 Litdrift simulations 2000-2011

In the sediment transport simulation for the period 2000-2011 the wave data’s
points closer to the coastline was analysed to see where the affected wave on the
beach, next to the Vikura River, is located. The reason for the interest in the

area around Vik is to find a good location for a coastal protection structure. The
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4.2 Mike-Litpack,litdrift

D12_Accumulated Qs [m3] [m"3
D12+250m_Accumulated Qs [m3] [m*3]
D12+500m_Accumulated Qs [m3] [m"3]
D20_Accumulated Qs [m3] [m*3

-50000000

-100000000 7

-150000000 1

-200000000

250000000 F---+--scessersseesrs s T .

2300000000 ------------eee oo e e

2000 l 2001 | 2002 l 2003 | 2004 2005

Figure 4.8: Profile F - Accumulated for 4 different time series
(D20,D12,D12+250m,D12500m, profile Fi77)

wave data used in the first simulations are from D 95 for 6,7,8 and 10 m water
depth and was it run with profile C as shown in Figure [4.9]

For the profile direction of 177° the net sediment transport was smallest for the
6m depth but highest for 10 m depth, east going. The orientation of the beach
under equilibrium is more than 177°. The measured volume change during 2008-
2010 at the profile D is measured to be ~ 600.000m? and the wave data from
6 m depth gives a difference around that value as shown in Figure [£.10] The
net sediment transport for wave data from a line from profile C at 8 m depth,
with beach orientation of 182, was west going, positive, but east going, negative,
for the other data. It can be estimated that the equilibrium of the profile at the
location of profile C is ~ 180°. The wave which affect the sediment transport is
from 6 m depth and is under equilibrium when the profile direction is ~ 180°. A
net drift analyses needs to be done to estimate the depth of the main sediment
transport, Figure shows the net drift for the wave data’s from -6 m depth at
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4. MODELING OF WAVE AND SEDIMENT TRANSPORT AT
VIK
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Figure 4.9: Profile C - Wave data’s from 6,7,8 and 10 m water depth.

Dg,,950. The net sediment transport starts at -7 m water depth, the SW-model

was run with average water depth of 3 m, to -1 m water depth.
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4.2 Mike-Litpack,litdrift
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Figure 4.10: Profile C - Wave data’s from 10m and 8m D, 250 and profile orien-
tation of 177° and 182°
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Figure 4.11: Net drift - The net drift for the area around profile C
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4. MODELING OF WAVE AND SEDIMENT TRANSPORT AT
VIK

How Reynisfjall affects the wave and transform is now clear, the wave which affect
the wave at profile C is the one from 6 m depth. 1000 m further to east from the
profile F' the shadow effect from the Reynisfjall Mountain stop having influence
on the wave data’s. The wave data’s which should be used there is the one taken
from -20 m depth, because the depth of closure is -20 m and it is advisable to
take the wave data’s from that depth. The beach profile F was measured 2004
and 2008 and was the net volume change per meter about -2000 m3. If it is given
that the volume change per meter is the same along the beach it gives -6 Mm? in
volume change along the coast, from 1000 m east of profile F to the Reynisfjall
Mountain. Figure shows the net sediment transport with wave data from
three different depth with profile direction of 185°. The wave data from 10 and
12 m depth are not the affected wave because there weren’t accumulation over
these years. The wave data for 20 m depth gives -400 Mm? which is way to much

sediment transport over these years. (for profile orientation of 193° see appendix)
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Figure 4.12: Profile F for 185° - Wave data’s from , 10, 14 and 20 m depth

The accumulation with a profile orientation of 193°, the coastline direction 1000

48



4.2 Mike-Litpack,litdrift

m from profile F can be seen in Figure [£.13] Comparing the measured transport
of -6 Mm? to the Figure the difference is ~8 times more or about 50 Mm? with
wave data’s taken from 20 m depth in front of profile F. and ~10x more for wave
data 1000 m from profile F, at 20 m depth. Litpack is unable to calculate the
correct sediment transport because of the shelter of Reynisfjall. The results that
lipack gives is the possible accumulation and since the sediment transport to east

starts from Reynsifjall it is 10x less than Litpack gives.
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Figure 4.13: Profile F - Wave data’s from 20 m depth in a line from profile F
and 1000 m from profile F
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CHAPTER 5

Results of the Sediment Transport at Vik

5.1 Sediment transport calculations result from
Litdrift

The results from Litdrift gives possible accumulation on the area which makes
it essential when calculate the actual sediment transport to calibrate the model
correctly. The sediment transport to East starts immediately East of Reynisfjall
and therefore the possible sediment transport is estimated to be 10 times less than
Lipack gives. If the wave direction is more to West and therefore the sediment
transport also to West the possible sediment transport is closer to the reality
because the coast East of Vik is long. The calibration which DHI made for the
coast was for the years 2008-2010 when the wave direction was more to West than
for the period 2004-2008 which could affect their solution. It is important when
using litdrift model to calibrate it with data that span more than one period.

Even though the volume calculations in Litpack aren’t accurate they give good

estimation for the directional equilibrium of the profile.
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5. RESULTS OF THE SEDIMENT TRANSPORT AT VIK

5.2 Equilibrium at the Vik’s coast

The shape of the coast by Vik i Myrdal is affected by Reynisfjall. It reaches
directional equilibrium 2.5km from Vikuréd, 1000m east of profile F, river where
the direction of the coastal profile is 193° from North.

5.2.1 Equilibrium profile

The coastal profile at the coast by Vik are changing between the years which
state that the beach equilibrium is not obtained. In Figure the profile is
compared to profile B, D and F (measured 2010 and 2008 October). The profiles
are far from being under equilibrium and therefore it can be estimated that the
beach will change over the next years. It is important to take into account that
equilibrium profile is only valid with depth less than d..

Measurements made 2010 are not good for the reason that the distance between
each measure point is long which could affect the sediment transport results,
profile from 2008 was picked to run Litpack because it is more accurate than
2010 profile. On figure profile Fygog is compared with equilibrium profile
with dso = 0.25 mm and d5y = 0.30 mm, d5y = 0.25 mm is average size along the
profile.

On figure the equilibrium profile is offset by 170 m towards to the land. The
profile after -4 m is close to be in equilibrium but the profile above -4 m is not in
equilibrium which can result that the coast will need to retreat about 170 m in

the next years to reach equilibrium.
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5.2 Equilibrium at the Vik’s coast

st e vl

(b) 2010

Figure 5.1: Equilibrium profile vs profile B,D and F
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5. RESULTS OF THE SEDIMENT TRANSPORT AT VIK

Fiatasg 3 ramarins )

(b) Modified F profile compared to equilibrium profile. Equi-
librium profile offset by 150 m

Figure 5.2: Figure shows modified profile F compared by different equilibrium
profile
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5.2 Equilibrium at the Vik’s coast

5.2.2 Spiral Form of Vik’s coast

The shape of Vik’s coastline makes the parabolic shape better approach for Vik
than the Logarithmic shape, because the Reynisfjall Mountain is the only fixed

- ;/,1'4"‘ Ze e
eIt ///ﬁ/// =

Figure 5.3: South west wave - Diffraction point estimated

point at the coast. As stated earlier the formula for calculate parabolic form
is only valid under beach equilibrium. To find the diffraction point wave data
from the dominating wave direction is needed, i.e. SW-direction (190-200°). From
figure [5.3] the diffraction point is estimated to be close to the end of the Reynisfjall
Mountain (1.5km from it in both direction), where the SW-wave starts to turn.
Given the directional equilibrium of the beach is around 190° and the location
of the beach directional equilibrium is ~1000m east of Profile F, § = 60° and
Ry = 4360m (see figure in appendix, the spiral shape can be calculated.
According to the figure the beach will retreat the next years and form a spiral
shape. The coastline at the profile F will retreat to the Ring road and east of the
profile the coast will reach directional equilibrium, i.e. 193°.

By comparing the spiral form with the equilibrium profile from the location of
profile F, see figure the beach erosion is estimated to be similar. The spiral
reach 160 m behind the coastline from 2008 and profile F would reach equilibrium
150 m from the coastline from 2008.
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Figure 5.4: Vik’s Coast - Spiral coastline form compared with the measured

coastline
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5.3 Erosion solution

5.3 Erosion solution

A groyne next to Vikurd River will be placed the year 2011 and will reach to
-6 m water depth, because the net drift is from -2 m to -7 m water depth (see
Chapter . It was decided to pick that solution for the reason it is more
efficiency in the area by Vik because the sediment transport is along a curved
coast and the area where the groyne will be placed is under the shadow effect
from Reynisfjall. A detached breakwaters would not work properly in the shadow
area of the Reynisfjall Mountain. The reason that the groyne was placed next to
the Vikura River was because the possible formation of the coast will be about
600m long if the groyne is fully functional and the distance from the Vikuréa River
to the Reynisfjall Mountain is about 600 m. The groyne should be placed in the
direction of 180° because that’s the direction when the net sediment transport
with affected wave is zero, the direction which is perpendicular to the affected

incoming wave.

The groyne will prevent further erosion West of the Vikura River and the beach
will get a spiral form according to the size of the groyne as is shown in Figure [5.5]
Because the sediment transport increases with a distance from the Reynissfjall
Mountain and the location of the groyne is 600 m from the mountain it is possible
that the accumulation will not fill the groyne, its west side, which follows that
the erosion will not be as much on the other side, east side. The beach east of the
Vikuré River will retreat for the next years, at profile F it will reach the ring road.
It is possible to place another groyne in the near future in a distance east from
the groyne, next to the Vikura river, to save the area from further erosion next to
the village. Figure [5.6| shows a possible solution of a groyne field. The coastline
east of the groyne is compared with today’s coastline but it can be assumed that

it will retreat more than showed on the Figure.
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Figure 5.5: Groyne - The coast in the equilibrium at the groyne
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5.3 Erosion solution

\\1‘: N

Figure 5.6:

Groyne Field - Possible shape of a groyne field by Vik
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CHAPTER 6

Conclusion

To estimate how the sediment transport will be in the future it is essential to have
a knowledge of the coastal history of the area in order to calibrate a sediment
transport model. The Litpack sediment transport model is accurate when the
conditions are right, i.e. a long beach with a single sloped beach profile. The
drive force of sediment transport is the angle between the wave direction and the
angle normal to the beach. In this study the calibration of the coast at Vik was
very much depended on the wave direction directly in front of the town and in
the lea of Reynisfjall. For the years 2004-2008, when East going wave direction
was dominating, Litpack gives 10 times more sediment transport to East than
in prototype but for the years 2008-2010, when West going wave direction was
dominating, it gives approximately the same West going sediment transport as

the prototype.

The parabolic shape and the equilibrium profile theories estimate that the beach
equilibrium is about 150 m landward from the 2008 coastline, with the assumption
that the todays coastline East of Vik is under equilibrium when its direction is
about 193°. Without nourishment of new beach material, e.g. eruption of Katla,

the coastline Fast of Vik will in the long term most likely retreat to Hjorleifshofoi
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6. CONCLUSION

which connect the beach with two headlands, the coastline will have spiral shape
form between the headlands. It will takes the nature decades or centuries to
reach the beach equilibrium, if it is any, and meanwhile it is possible that Katla
will erupt again bringing huge amount of material to the ocean so the beach will

emerge.

The coastline stabilization because of the groyne will be significant the first years
and will be close to equilibrium. From that time it can take the coastline, East
of the groyne, years/decade to reach static equilibrium. If the town will expand
to East in the future a groyne field would solve the erosion problem for the area

under affect of them.

Analysis of the groyne efficiency is important the first years for better understand-
ing of if the solution is working properly under these conditions. A knowledge of
how a groyne solution will affect the area is limited in Iceland and is a further
study on how it works essential for deciding if another groyne would be a feasible

solution.
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APPENDIX A

Figures of Vik

A.1 overview of points

The wave data which were used in the simulations.
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A. FIGURES OF ViIK

Figure A.1: The model points - points which where ran in litpack
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A.2 Wave Transformation

A.2 Wave Transformation

Wave transformation from South wave. The wave current is unable to make a

west going sediment transport current.
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Figure A.2: South wave - Wave transformation from South wave.
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Figure A.3: South-West wave - Wave transformation from South-west wave.
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A. FIGURES OF ViIK

A.3 Spiral Shape

Mountain.

Figure A.4: Spiral shape - How the spiral was estimated in Vik’s coast
The figure shows how the spiral was done. The start of the spiral is the diffraction

point which was estimated to be around 1500m from the end of the Reynsifjall
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APPENDIX B

Profiles Measurements
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Figure B.1: Profile F - Measurements from 2004 and 2008
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B. PROFILES MEASUREMENTS
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Figure B.2: Profiles Measurements - 2008 and 2010 profile measurements
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APPENDIX C

Litdrift results

C.1 points explanations in Icelandic

D10, D12, D14, D20, 177°
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Figure C.1: Snid D fyrir 177°: 10 vs 12 vs 14 og 20m dypi - Samanburdur
4 flutningsgetu { snidi D med 177° snidstefnu fyrir 6ldugégn af mismunandi dypi ;

10,12,14 og 20m. Profill F,.q

Samanburdurinn synir ad flutningsgetan er mest fyrir 6ldugogn af 20m dypi, um
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C. LITDRIFT RESULTS

-680Mm?, en nokkud svipud fyrir 6ldugogn af 10,12 og 14m dypi eda um -380 til

-410 Mm?, par sem neikveed flutningsgeta visar til austurs.

Pannig minnkar flutningsgetan pegar 6ldugdgnin eru tekin af minna dypi. Petta

verdur ad skyrast med bvi ad 6ldureikningar 1 M 1K Es gw Sveigja 6lduna meira i

att ad pvi ad vera pvert & strondina heldur en innbyggd 6ldusveigja i Mikerrrrpack,LitpriFT

reiknilikaninu.
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C.1 points explanations in Icelandic
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Figure C.2: Snid D fyrir 182°: 10 vs. 12 vs. 14 og 20m dypi - Samanburdur
& flutningsgetu { snidi D med 182° snidstefnu fyrir 6ldugégn af mismunandi dypi ;
10,12, 14 og 20m

Flutningsgeta 1 snidi D med 182° snidstefnu er nokkud minni en { snidi med
177° snidstefnu, sbr mynd [C.I] A 60ru leiti er nidurstédurnar svipadar, b.e.
flutningsgeta fyrir 6ldugdgn af 20m dypi er mest -450Mm?, en er svipadur fyrir
oldugogn af 10, 12 og 14 m dypi, -110 til -160 Mm?. Flutningsgetan minnkar

begar 6ldugognin eru tekin af minna dypi.
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C. LITDRIFT RESULTS

D10_177_Accumulated Qs [m3] [m'3] ——
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Figure C.3: Snid D fyrir 177°, 182° og 187°; 10m Dypi - Samanburdur &
flutningsgetu { sniodi D fyrir 6ldugdgn & 10m dypi, fyrir mismunandi stefnu strandar.

Upphafsstefnu 177° med 5° og 10° stefnubreytingu, Profill Fi,oq

Samanburdurinn synir ad med 5° stefnubreytingu, 182°, breytist flutningsgetan tr
-380Mm? 1 -110Mm? og med 10° stefnubreytingu, 187°, hefur flutningsgeta sniist
til vesturs, +90Mm?. Pvi ma buast vid ad jafnveegi i sandflutningi til austurs og
vesturs naist fyrir 184° snidsstefnu, { snidi D.

Raunveruleg stefna strandarinnar i snioi D snyr i 177°.

72



C.1 points explanations in Icelandic
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Figure C.4: Snid D, D 250 og D 500 fyrir 177°, 12m - Samanburdur & flut-
ningsgetu 1 snidum D, D 250 og D 500 fyrir 177° stefnu snids og 6ldugogn af 12m

dypi. Fyrir Profil F,0q

Samanburdurinn synir ad flutningsgetan til austurs minnkar begar fario er til
vestur fra snidi D annars vegar 250m og hins vegar 500m.

Midad vid 6ldugogn af 12m dypi er flutningsgetan um -340Mm? { snidi D 509 0g
um -260Mm3” 1 snidi D, 500

Pettaer nokkud meiri flutningsgeta en fyrir 6ldugogn af 10m dypi, sja mynd [C.5]
Stefna strandarinnar i snidunum 3. (p.e. D, Dya50, Dys00) er:

D =177°, D,yo50 = 163°, D500 = 160°
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C. LITDRIFT RESULTS

D10, D10v250, D10v500; 177
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Figure C.5: Snid D, D 259 og D, 500, 177°,10m - Samanburdur 4 flutningsgetu
i snioum D, D, 250 og D, 500 fyrir 177° stefnu snids og 6ldugogn af 10m dypi.

Samanburdurinn synir ad flutningsgetan til austurs minnkar pegar farid er til
vestur fré snidi D, 250 og 500m. Midad vid 6ldugogn af 10m dypi er flutningsgetan
-350Mm? 1 snidi D, -250Mm? { snidi D 250 og -210Mm? 1 snidi D, 5q0.

Petta er heldur minni flutningsgeta en fyrir 6ldugdgn af 12m dypi, sja mynd
Stefna strandarinnar i snidunum 3. (p.e. D, D50, Dys00) er:

D =177°, D250 = 163°, D500 = 160°
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C.1 points explanations in Icelandic

D10_182_Accumulated Qs [m3]  [m*3] —— R
D10v250_182_Accumulated Qs [m3] [m*3] —— D10, D10v250, D10v500, 182°

D10v500_182_Accumulated Qs [m3] [m'3]

20000000

\ e

-20000000 QL:LM”\ s
¢ S WMJ\’\W\ FJ
-60000000 m e

-80000000 wy W/\/-\

-100000000

~120000000 y rﬁ'“"—ﬂ

~140000000 oA
2000 2001 2002 2003 2004 = 2005 2006 = 2007 = 2008 2009 = 2010

Figure C.6: Snid D, D 150 og D, 500, 182°, 10m - Samanburdur a flutningsgetu
i snioum D, D 250 og D, 500 fyrir 182° stefnu snids og 6ldugogn af 10m dypi.

Eins og & mynd , synir samanburdurinn ad eftir 5° snining ( ar 177° 1 182°) er
flutningsgeta til austurs mest & austasta snidinu en minnkar eftir pvi sem fario er
vestur eftir 10m dyptarlinunni. Midad vio 6ldugogn af 10m dypi er flutningsgetan
+20Mm? 1 snidi D, -25Mm? { snidi D250 og -110Mm? 1 snidi D, 500
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C. LITDRIFT RESULTS
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Figure C.7: Snid D, D 250 og D, 500,187°, 10m - Samanburdur & flutningsgetu
i snioum D, D 250 og D, 500 fyrir 187° stefnu snids og 6ldugogn af 10m dypi.

Midad vio fasta stefnu strandarinnar i 187° pa eykst flutningsgetan til vesturs.
Petta er fyrir 6ldugogn & 10m dypi fyrir snid D50 0g Dysoo (250 og 500m vestur
vid snid D). I samreemi vid myndir og er flutningsgeta til vestur minnst
i punkti D eftir sniining um 10° en eykst eftir pvi sem farid er vestur eftir 10m

jafn dypislinunni.

76



C.1 points explanations in Icelandic
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Figure C.8: D, 250, 177°,182°,187° fyrir 10m - Samanburdur a flutningsgetu
4 snidi D, 250 & 10m dypi fyrir mismunandi stefnu strandar, upphafsstefnu 177° og

med 5° og 10° stefnubreytingu

’

Samanburdurinn synir ad med 5° stefnubreytingu fra upphafsstefnunni 177° {
182° b4 minnkar flutningsgetan til austurs, ar -280Mm? med -30Mm? og med 10°
stefnubreytingu 1 +180Mm3. Buiast ma vid ad jafnveegi 1 flutningi til austurs og
vesturs naist fyrir 183° normalstefnu strandar. Meeld stefna strandarinnar 1 snidi
D 050 er 163°
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C. LITDRIFT RESULTS
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Figure C.9: Snid D, 509, 177° , 6, 10 og 12m dypi - Samanburdur & flut-
ningsgetu { snidi D med 6ldugdégn ar punktum & 6,10 og 12m dypi. Snidstefna i

177°

Samanburdur fyrir 3 mismunandi timaradir fyrir snid D, 500 med snidstefnu 177°.
Meeld stefna snids D, 509 er 160°. Fyrir timarddina 1 12m dypi er flutningsgetan -
280Mm?, fyrir 10m dypi er htn -240Mm? en fyrir 6m dypi er hin -60Mm3. Pannig

minnkar flutningsgetan med minna dypi.
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C.1 points explanations in Icelandic
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Figure C.10: Snid F fyrir 193°, 10, 14 og 20m - fyrir 193°

Samanburdurinn synir ad fyrir snidstefnu 193° og 6ldugdgn tekin i 20m dypi
er flutningsgetan i jafnveegi, en fyrir 6ldugégn midad vio 10m og 14 m dypi er
flutningsgetan +300Mm? til vesturs. Samanber mynd er flutningsgetan til

vesturs en ekki austurs. Snidstefna strandarinnar { snidi F er 179°.
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C. LITDRIFT RESULTS
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Figure C.11: Snid F og F 1000 fyrir 185° og 20m dypi - 185
Samanburdur 4 snidum F og F 1900 midad vid snidstefnu 185° & 20m dypi. Fyrir

snid F er flutningsgetan -400 Mm? en og -500Mm? fyrir F,100. Snidstefna stran-

darinnar 1 snidi F er 179° og 185° 1 F' 1000
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C.1 points explanations in Icelandic
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Figure C.12: Snid F, 185° og 193° , 10m dypi - 185° vs. 193°

Samanburdur 4 snidi F fyrir snidstefnu 185° og 193° og 10 m dypi. Sjaum ad
midad vio 6ldugdgn fra snidi F ar 10m dypi er sandflutningurinn 1 jafnveegi pegar
snidsstefnan er 1 185° og rétt jakvaed flutningsgeta , 40Mm?. Pegar snidstefnan er
193° heekkar flutningsgetan til vesturs margfallt og er 280Mm. Ef borid er saman
mynd ?7 ma sja ad ahrifa 6ldusveigju skekkju milli Mikegy og Mikeripack; ;s 1t
er fario a0 hafa ahrif & nidurstoduna fyrir 6ldugogn & 10m dypi. SV-aldan er ekki
jafn mikil og hin er 1 & 20m dypi
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C. LITDRIFT RESULTS

C.2 Analysis points
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Figure C.13: Points which were tested in Litdrift

An excel sheet showing which wave data’s have been modeled in Litpack.
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7

APPENDIX D

Matlab code

D.1 equilibrium proflie

clear all
clc

close all

% F 2010 Okt

X_F10=[42 50 56 61 65 67 79 84 95 105 116 121 125 132 575 627
689 764 892];

Y F10=[6.6 7.3 7.5 6.9 5.7 5.4 4.9 4.8 4.8 4.0 3.4 3.0 2.8 2.3
—6.43 —7.43 —8.43 —9.43 —10.43];

X_F08=[52.1 59.7 62.0 64.4 68 70 71 73 77 84 94 104 114 123 127
134 139 144 273 343 387 429 519 580 649 822];

Y F08=[7.3 7.1 6.7 6.9 7.2 6.5 6.3 5.7 5.1 4.3 3.7 3.3 2.7 2.4
2.21.81.40.9—-4-4-5-6-7-8-9 -10];

% D 2010 Okt

X D10=[61 77 84 86 88 98 111 114 124 134 140 144 161 161 170 175
301 326 358 398 518 548 650 720 781 866 1013];
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19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

D. MATLAB CODE

Y D10=[5.5 6.5 6.8 6.2 5.8 4.9 4.2 4.0 3.7 2.7 1.9 1.8 2.1 2.1
1.9 1.9 —4.43 —-5.43 —6.43 —7.43 —7.43 —6.43 —6.43 —7.43 —8.43
—9.43 —-10.43];

X_D08=[54.2 70.5 78.5 80.0 84.9 86 92 101 109 117 129 141 152
308 344 366 458 541 673 813 1009];

Y _D08=[5.2 5.9 6.3 6.4 6.6 4.8 3.6 3.3 3.3 3.0 2.3 1.7 0.9 —3 —4
-5 —6 —7 —8 —9 —101;

B 2010 Okt

X_B10=[—4 —2 1 5 12 27 47 53 59 67 78 90 101 113 119 124 130 139
148 160 169 169 176 374 404 440 453 469 514 537 598 674 732
806 891 1038];

Y B10=[5.8 6.5 6.4 4.8 4.4 5.1 5.2 5.7 5.6 3.9 3.0 3.0 2.8 3.1
3.2 3.1 2.9 3.3 3.1 2.21.51.40.8 —-5.43 —6.43 —7.43 —7.43
—7.43 —=7.43 —6.43 —5.43 —6.43 —7.43 —8.43 —9.43 —10.43];

X_B08=[43 57 65 66 72 80 87 94 102 113 123 132 141 149 290 313
349 424 561 744 924 10607;

Y _B08=[5.2 5.5 5.7 5.3 4.8 4.4 3.9 3.1 2.4 2.0 1.8 1.8 1.1 0.4
-3 -4 -5 -6 -7 -8 =9 —-101];

% C 2008 okt

X_C08=[77.5 86.7 93.0 98.6 99.7 101 103 106 108 114 143 153 163
178 188 201 309 326 343 375 447 589 782 974 1103 1193 1349
1627.0 1782.0 2004.0 2123.0 2267.0 2375.0 2492 2567];

Y C08=[5.2 5.3 5.2 5.2 4.9 4.3 4.1 3.8 3.4 3.0 2.4 2.5 2.3 1.7
1.3 0.2 -2-3-4-5-6-7-8-9-10 —-11 —-12 —-13 —-14 —-15 —16
—-17 —-18 —-19 —20];

%1193 1349 1627.0 1782.0 2004.0 2123.0 2267.0 2375.0 2492 2567

% —11 -12 -13 —-14 —-15 —-16 —17 —-18 =19 20

x=[0:1:4000];
%$d=[0:—-0.1:—10];
A=0.092;

m=0.67;
$x=(d./A)."(1./m);
d=—1.%A.*xx."m;

for i=1:1length (x)
x(1)=x(1)+200;

end
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42

43

44

45

46

47

48

49
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51

52

53

54

55

56

57

10

11

12

13

14

15

D.2 Wave Height

figure ('color', 'w')

plot(x,d,X_F10,Y _¥F10,X_D10,Y_D10,X_B10,Y_B10)

axis ([0 1100 =10 81])

legend('equilibrium profile', 'measured profile
F_{2010}', '"measured profile D_{2010}"', 'measured profile
B_{2010}")

box off

figure('color','w")

plot (x,d,X_F08,Y_F08,X_D08,Y_D08,X_B08,Y_B08)

axis ([0 1100 —10 81])

legend('equilibrium profile', 'measured profile
F_{2008}"', '"measured profile D_{2008}"', 'measured profile
B_{20081}")

box off

figure('color', 'w'")

plot (x,d,X_C08,Y_CO08)

legend('equilibrium profile', 'Profile C_{2008}")
axis ([0 3000 —20 817)
box off

D.2 Wave Height

close all
clear all

clc

A=load ('63_19_2001_2010_hlutil.txt");
h=A(:,1);

ibeg=datenum (2000, 01,01,00,00,00);
end=datenum (2011, 02,02,00,00,00);
il=datenum(2001,01,01,00,00,00);
i2=datenum(2002,01,01,00,00,00)
i3=datenum(2003,01,01,00,00,00);
i4=datenum(2004,01,01,00,00,00);
( )
( )

14

4

i5=datenum(2005,01,01,00,00,00
i6é=datenum(2006,01,01,00,00,00

4
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17
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28
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30

31

32
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34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

D. MATLAB CODE

i7=datenum(2007,01,01,00,00,00);
i8=datenum(2008,01,01,00,00,00);
i9=datenum(2009,01,01,00,00,00);
il0=datenum(2010,01,01,00,00,00
ill=datenum(2011,01,01,00,00,00

date=[ibeg:0.25:end];
cl=[];c2=[]1;c3=[];cd4=[];cb=[];c6=[];c7=[1;c8=[]1;cO9=[];cl0=[];cll=[];
for i=1l:1length (h)

if date(i) > ibeg && date (i)
cl=[cl h(i)];

end

if date(i)>il && date(i)<i2
c2=[c2 h(i)]1;

end

if date(i)>i2 && date(i)<i3
c3=[c3 h(i)]1;
end

if date(i)>1i3 && date(i)<id
cd4=[c4 h(i)];

end

if date(i)>1i4 && date(i)<i5
c5=[c5 h(i)];

end

if date(i)>1i5 && date(i)<io6
cob=[c6 h(i)];
end

if date(i)>16 && date(i)<i7
c7=[c7 h(i)];
end

if date(i)>17 && date(i)<is8
c8=[c8 h(i)];

end



57

58

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

T

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

D.2 Wave Height

if date

c9=

end

if date

cl0=

end

if date

cll=

end

end

dagur=[2001:

cal=mean

caz2=mean

c
c
c
c
c
c
c
c
c

calO=mean (c

call=mean (c

Ca=[cal ca2 ca3 cad4 cab5 ca6 ca7 ca8 ca9 call calll;

figure('color',

(1)>18 && date(i)<i9

[c9 h(i)];

(1)>19 && date(i)<ilo0

[cl0 h(i)];

(1)>110 && date(i)<ill

[cll h(i)];

1:20117];

10)
11);

'WI)

bar (dagur,Ca,0.8, 'r")
axis ([2000 2012 0 517)

cminl=[];cmin2=[];cmin3=

cmin9=[];cminl0=[];cminll=

for i=1:length(cl)

if cl (i

)>2.2

cminl=[cminl cl (i

end
if ¢5(1

cmin5=[cmin5 c5(

end

if c9(1

)y>2.2

)>2.2

]1;cmind=

[1;

)15

i)1;

(]

87

;cminb5=

[]

;cmin6=

[]

;cmin7=

[]

;cmin8=

[1;



98

99

100

101

102

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128
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131

132

133

134

135

136

137

138

D. MATLAB CODE

cmin9={cmin9 c9(1i)];
end
end
for i=1l:1length(c2)
if c2(i)>2.2
cmin2=[cmin2 c2(i)];
end
if c3(i)>2.2
cmin3=[{cmin3 c3(i)];
end
if c4(i)>2.2
cmind=[{cmind c4(i)];
end
if c6(i)>2.2
cmin6=[{cmin6 c6(i)];
end
if c7(i)>2.2
cmin7=[cmin7 c7(1i)];
end
if c8(i)>2.2
cmin8=[{cmin8 c8(i)];
end
if cl0(i)>2.2
cminlO=[cminl0 c10(1i)];
end
if cll(i)>2.2
cminll=[cminll cl11(i)];
end

end

cminl) ;

cal=mean

cmin?2) ;

caz=mean

ca3=mean (cmin3) ;

cad=mean (cmind) ;

4

cmin6) ;

cab=mean

ca7=mean (cmin7) ;

)
)
)
)
)
)
)
)

ca8=mean (cmin8) ;

(

(

(

(
cab=mean (cminb

(

(

(
ca9=mean (cmin9) ;
calO=mean (cminl0) ;

call=mean (cminll) ;

38



139

140

141

142

143

D.2 Wave Height

Ca=[cal ca2 ca3 cad4 cab ca6 ca7 ca8 ca9 call call];

figure('color', 'w'")
bar (dagur,Ca,0.8, 'r")
axis ([2000 2012 0 51])
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11

12

13

14

15

16

17

18

19
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22

23

24
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26
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34

36

37

D. MATLAB CODE

D.3 Direction

close all
clear all

clc

A=load('63_19_2001_2010_hlutil.txt');

h=A(:,1);
d=A(:,3);

k=[1;
kn=[2000:1:20107;
n=[1 5 9];

for j=1l:length (kn)
for i=1:3
k(j,1i)=datenum(kn(j),n (i)
end

end

+1,0,0,0);

ibeg=datenum(2000,01,01,00,00,00);

il=datenum(2000,05,01,00,00,00);
i2=datenum(2000,9,1,00,00,00);

i3=datenum(2001,1,1,00,00,00);
i4=datenum(2001,5,01,00,00,00);
i5=datenum(2001,09,01,00,00,00);

ié=datenum(2002,1,01,00,00,00);
i7=datenum(2002,05,01,00,00,00);
i8=datenum(2002,09,01,00,00,00);

i9=datenum(2003,01,01,00,00,00);
il0=datenum(2003,05,01,00,00,00);
ill=datenum(2003,09,01,00,00,00);

il2=datenum(2004,01,01,00,00,00);
il13=datenum (2004, 05,01,00,00,00);
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38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

7

78

D.3 Direction

il4=datenum(2004,09,01,00,00,00);

il5=datenum(2005,01,01,00,00,00);
il6é=datenum(2005,05,01,00,00,00);
il7=datenum(2005,09,01,00,00,00);

il18=datenum(2006,01,01,00,00,00);
il19=datenum (2006, 05,01,00,00,00);
i20=datenum (2006, 06,01,00,00,00);

i21=datenum(2007,01,01,00,00,00);
i22=datenum(2007,05,01,00,00,00);
i23=datenum(2007,09,01,00,00,00);

i24=datenum(2008,01,01,00,00,00);
i25=datenum (2008, 05,01,00,00,00);
i26=datenum(2008,09,01,00,00,00);

i27=datenum(2009,01,01,00,00,00);
i28=datenum(2009,05,01,00,00,00);
i29=datenum(2009,09,01,00,00,00) ;

i30=datenum(2010,01,01,00,00,00) ;
i31=datenum(2010,05,01,00,00,00);

i32=datenum(2010,09,01,00,00,00);

i33=datenum(2011,01,01,00,00,00);
end=datenum (2011, 02,02,00,00,00)

date=[ibeg:0.25:end];

4

cl=[];c2=[];jc3=[];cd4=[];cd=[];c6=[];c7=[];c8=[];c9=[];clO=[];cll=[];
dl=[];d2=[];d3=[];d4=[];d5=[];d6=[];d7=[];d8=[];d9=[];d10=[];dl1l=[];

for i=1l:1length (h)
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D. MATLAB CODE

79 if (date(i) > ibeg && date(i) < il) || (date(i) > i2 &&
date (i) < 1i3)
80 cl=[cl h(i)];
81 dl=[dl d(i)1]1;
82 end
83
84 if (date(i)>13 && date(i)<id) || (date(i)>15 && date(i)<i6)
85 c2=[c2 h(i)];
86 d2=[d2 d(i)];
87 end
88
89 if (date(i)>16 && date(i)<i7) || (date(i)>118 && date(i)<i9)
90 c3=[c3 h(i1)];
91 d3=[d3 d(i)1];
92 end
93
94 if (date(i)>19 && date(i)<il0) || (date(i)>1il1ll && date(i)<il2)
95 cd=[c4 h(i)];
96 dd4=[d4 d(i)];
97 end
98
99 if (date(i)>112 && date(i)<il3) || (date(i)>114 && date (i)<ilh)
100 c5=[c5 h(i)];
101 d5=[d5 d(i)];
102 end
103
104 if (date(i)>115 && date(i)<ile) || (date(i)>117 && date (i)<il8)
105 cé6=[c6 h(i)];
106 dée=[d6 d(i)];
107 end
108 if (date(i)>118 && date(i)<il9) || (date(i)>i20 &&
date (1) <i21)
109 c7=[c7 h(i)];
110 d7=[d7 d(i)];
111 end
112 if (date(i)>121 && date(i)<i22) || (date(i)>1i23 && date(i)<i24)
113 c8=[c8 h(i)];
114 d8=[d8 d(i)1]1;
115 end
116 if (date(i)>124 && date(i)<i25) || (date(i)>1i26 && date(i)<i27)
117 c9=[c9 h(i)];
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119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

D.3 Direction

d

end

if

cl0=
dlo=

end

if

cll=
dll=

en

end

o=

(date (1
date (1
[c10 h(i
[d10 d(i

d

(date (i
date (1

[cll h(i
[d11l d(i

dagur=[2000:1:20107;

cal=mean (

cab=mean
ca7=mean

ca8=mean

calO=mean

call=mean

c
c
c
c
c
c
c
(
(

cl
cl

0)
l)

[d9 d(i)];

)>1i27 && date (i
) <130)
)1
)1

)>130 && date (1
) <i33)
)17
)1

)<128)

) <i31)

(date (1

(date (1

)>129 &&

)>132 &&

Ca=[cal ca2 ca3 cad4 ca5 ca6 ca7 ca8 ca9 call calll;

da7=mean
da8=mean

da9=mean
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D. MATLAB CODE

157 dall=mean (dll);

158 Da=[dal da2 da3 da4d4 dab5 da6 da7 da8 da9 dal0O dall];
159

160

161 figure('color','w'")

162 bar (dagur,Ca,0.8,'r")

163 %axis ([1999 2011 0 2001)

164 box off

165

166 figure('color','w')

167 bar (dagur,Da, 0.8, 'r")
168 axis ([1999 2011 0 200])
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