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1 Executive summary

Arch Henderson have been instructed by Argyll & Bute Council to undertake a feasibility study for the
construction of an overnight berth at either lona or Fionnphort to replace the deteriorated Bull Hole
facility.

Three and four options have been analysed at lona and Fionnphort respectively, concluding that the
most cost-effective solution is a double-wall cofferdam structure constructed in sheet steel piles at
either lona or Fionnphort. The approximate cost of this type of berth would be £2,560,000 at lona and
£2,380,000 at Fionnphort at current prices.

In order to develop the design of the overnight berth further, the following works will need to be
undertaken:

e Numerical wave modelling study

e Sediment transport study

e Geotechnical investigation
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2 Introduction

Arch Henderson has been instructed by Argyll & Bute Council to undertake a feasibility study for the
construction of an overnight berth at either lona or Fionnphort. The purpose of this new facility is to
replace the existing Bull Hole overnight berth, as a number of inspections in recent years have proved
it to be deteriorated.

Three and options have been analysed at lona and four options have been analysed at Fionnphort.
The information considered in the assessment of these options is listed below:

e The vessel considered is the Loch Buie.

e The available topographic and bathymetric information has been used to develop the
options at lona. Due to the lack of topography and bathymetry at Fionnphort a
topographic and bathymetric survey was instructed at this location and was undertaken
by Aspect Surveys in April 2015.

e JONSWAP linear wave analysis and engineering judgement has been applied to estimate
the wave conditions at lona and Fionnphort.

e No geotechnical information was available; engineering judgement has been applied in
assessing the existing ground conditions. The proposed solutions have been analysed
considering a thin layer of sand overlaying rock.

A brief description, merits and disadvantages and cost estimate for each option is provided in Section
6.
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3 Description of the sites

The new overnight berthing facility is proposed to be located in the Sound of lona, at either the Isle of
lona or the Isle of Mull.

The proposed locations in the Isle of lona are situated at Baile Mor; the proposed options show the
overnight berth by the existing slipway or in the small cove south of the existing slipway.

The proposed locations in the Isle of Mull are situated at Fionnphort; the proposed options show the
overnight berth by the existing pier/slipway or in the cliffs south of the existing pier/slipway.

The Sound of lona has a tidal range of over 4m and it is exposed to waves coming from South to South-
westerly directions (see Section 4 for further information on environmental conditions).
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4 Environmental conditions

4.1 Tides

The tidal levels at lona and Fionnphort are shown in the following table.

Table 4-1 Tidal levels

Level | Referred to CD | Referred to OD
MHWS +4.0m +2.2m
MHWN +3.0m +1.2m

ML +2.4m +0.6m
oD +1.8m +0.0m
MLWN +1.5m -0.3m
MLWS +0.5m -1.3m
CD +0.0m -1.8m

4.2 Waves

The wave climate in the Sound of lona has been analysed by means of JONSWAP model, which predicts
the wind generated wave growth in fetch-limited areas. According to this model, the wave height is
proportional to the wind speed and fetch, which represents the length of water over which the
considered wind speed has blown.

The basic hourly wind speed considered for the wave prediction has been obtained from BS 6399,
which recommends a wind speed of 26.5 m/s in the Sound of lona for a return period of 50 years and

a direction of 240°. This wind speed has been corrected applying factors to account for altitude,

direction, seasonality, return period, duration and acceleration of wind speed over water specific for
the conditions in the Sound of lona.

The fetch for waves coming from the South is much longer than the fetch for waves coming from the
North. Consequently, the wave heights obtained for waves arriving to the Sound of lona from South
are larger than the obtained wave heights coming from the North, as it was expected.

Additionally, in order to take into account the channel effect that occurs when waves coming from
Southerly directions enter the Sound of lona (only the energy coming from a range of directions enters
the channel), a directional dispersion function has been applied to the wave height obtained by means
of JONSWAP.

Taking into account the morphology of the Sound of lona, fetch and prevailing winds, the following

wave characteristics (significant wave height, peak period and mean period) have been obtained for
southerly and northerly waves:
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Table 4-2 Waves coming from South

Return period (years) Hs (m) Tp (s) T (s)
1 1.8 9.6 7.9
10 2.4 10.7 8.8
50 2.7 11.3 9.3
100 2.9 11.5 9.4
200 3 11.7 9.6
Table 4-3 Waves coming from North
Return period (years) Hs (m) Ty (s) T (s)
1 1 3.6 3
10 1.4 4 3.3
50 15 4.3 3.5
100 1.6 4.3 3.5
200 1.7 4.4 3.6

Note that the JONSWAP wave analysis undertaken only provides a rough estimation of wave heights.
In order to develop the design of the overnight berth in detail a numerical wave modelling study will
need to be carried out to obtain reliable wave information.

4.3 Topography/bathymetry

Topographic and bathymetric information is available at lona and, thus, no survey had to be instructed
at this site.

However, due to the lack of topography and bathymetry at Fionnphort, a topographic and bathymetric
survey had to be instructed at this location, which was undertaken by Aspect Surveys in April 2015.

4.4 Geotechnical conditions

No geotechnical information is available at either lona or Fionnphort; the proposed solutions have
been analysed considering a thin layer of sand overlaying rock.

Note that a geotechnical investigation will need to be carried out in order to develop the design of the
overnight berth in detail.
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5 Rock armour sizing

In some of the options, a breakwater is proposed to be constructed in the south side of the structure
to protect the berthing line from waves coming from South, since the largest waves will arrive from
this direction (see Section 4.2).

To calculate the required armour size, Van der Meer formulae has been applied, in which armour size
is a function of the significant wave height, among other parameters.

Since the site is exposed to large waves coming from the South, big stones are required so that the
breakwater has no damage during storms.

A design significant wave height of 3m (200 years of return period) has been considered to calculate

the required armour size. For this wave height and considering a slope of 1:2.5, a mean armour stone
of 7 tonnes is required.
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6 Assessment of options

6.1 Option 1: Cofferdam at Iona

6.1.1 Description

Option 1 is a double-wall cofferdam structure. This is located adjacent to the existing slipway and has
an overall plan size of 41.00m x 10.50m with the slab surface level being 2.50m above MHWS. The
plan layout and typical section of the proposed solution is shown on drawing 135114/SK05 in Appendix

The cofferdam is constructed using sheet steel piles with tie rods, rock fill and an RC surface slab and
cope. A 2.0m high RC wave return wall is provided to the south elevation.

Access to the berth is provided by means of a structural steel walkway that runs parallel to the existing

slipway.

6.1.2 Merits and disadvantages

The advantages and disadvantages of the cofferdam option at lona are listed below:

This option gives shelter for waves coming from South, but it does not provide shelter for
waves coming from North. However, it is noted that the biggest waves at this location
come from South.

This option has a small footprint, which is beneficial in terms of environmental impact;
however, visual impact would be high, particularly at low tides, as the faces of the
structure are made of steel.

This option is the most cost-effective.

6.1.3 Costestimate

The cost estimate for this option is £2,560,000.

This cost allows for the design and construction of the overnight berth, including:

Sheet steel piling including surface treatments and cathodic protection
RC slab, cope (with opepe upstand) and wave return wall

Imported rock fill

Structural steel walkway with supports

V fenders 6.30m long on the North face

30 t bollards at 5.0 m centres

Ladders and handholds to comply with Dock Regulations
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Cost estimate (Cont’d)
e Basic lighting and water supplies extended to the berth
e Contractors general items
e Geotechnical investigation
e Design fees and statutory consents

e Contingency allowance

No allowances for a sediment transport study, dredging and a numerical wave modelling study are
included in the cost estimate.

135114 overnight berth options report rev b



L,

Arch Henderson ™=

6.2 Option 2: Sheet Piled Berthing Wall at Iona

6.2.1 Description

Option 2 is a rock armour breakwater with an anchored sheet piled wall. This is located south of the
existing slipway and has an overall plan size of 52.00m x 4m with the slab surface level being 2.50m
above MHWS. The plan layout and typical section is shown on drawing 135115/SK06 in Appendix .
The breakwater is constructed using rock fill with rock armour protection. The berthing structure is
constructed of sheet steel piles with rock anchors and an RC surface slab. The breakwater is taken
onto the slab and to a level 4.0m above slab level to provide wave protection.

Access to the berth is provided by means of a 75.0m long causeway constructed as a continuation of
the breakwater with an RC surface walkway.

6.2.2 Merits and disadvantages

The advantages and disadvantages of the sheet pile wall and breakwater option at lona are listed
below:

e This option gives shelter for waves coming from South, but it does not provide shelter for
waves coming from North. However, note that the biggest waves at this location come
from South.

e This option has a bigger footprint than Option 1, but visual impact is smaller as the South
face is constructed in rock armour.

e This option is less cost-effective than Option 1.

6.2.3 Costestimate

The cost estimate for this option is £6,580,000.

This cost allows for the design and construction of the overnight berth, including:
e Breakwater and causeway; rock fill, geotextiles and two layers of rock armour protection
e Sheet steel piling with rock anchors including surface treatments and cathodic protection
e RCslab and cope (with opepe upstand)
e Vfenders 6.30m long on the North face
e 30t bollards at 5.0 m centres
e ladders and handholds to comply with Dock Regulations
e Basic lighting and water supplies extended to the berth

e Contractors general items
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Cost estimate (Cont’d)
e Geotechnical investigation
e Design fees and statutory consents

e Contingency allowance

No allowances for a sediment transport study, dredging and a numerical wave modelling study are
included in the cost estimate.

135114 overnight berth options report rev b

10



L,

Arch Henderson ™=

6.3 Option 3: Suspended deck at Iona

6.3.1 Description

Option 3 is a rock armour breakwater with an open suspended deck on piles. This is located south of
the existing slipway and has an overall plan size of 50.00m x 15.50m with the slab surface level being
2.50m above MHWS. The plan layout and typical section is shown on drawing 135115/SK07 in
Appendix |. The breakwater is constructed using rock fill with rock armour protection. The berthing
structure is constructed of tubular steel piles with a suspended RC surface slab with PC main beams
and bridge beams. The open underside of the suspended deck has rock fill with rock armour
protection. The breakwater is taken to a level 4.0m above slab level to provide wave protection.

The armour breakwater and suspended deck structure is continued landward for 91.0m to provide
access to the berth.

6.3.2 Merits and disadvantages

The advantages and disadvantages of the suspended deck and breakwater option at lona are listed
below:

e This option gives shelter for waves coming from South, but it does not provide shelter for
waves coming from North. However, note that the biggest waves at this location come
from South.

e This option has a bigger footprint than Option 1, but visual impact is smaller as the South
face is constructed in rock armour.

e This option provides larger deck area than Options 1 and 2.

e The option is less cost-effective than Options 1 and 2.

6.3.3 Cost estimate

The cost estimate for this option is £7,360,000.

This cost allows for the design and construction of the overnight berth, including:

e Breakwater and open deck protection; rock fill, geotextiles and two layers of rock armour
protection

e Tubular steel piling including surface treatments and cathodic protection
e PCmain and bridge beams

e RCrear wall, slab and cope (with opepe upstand)

135114 overnight berth options report rev b
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Cost estimate (Cont’d)
e Vfenders 6.30m long on the North face
e 30t bollards at 5.0 m centres
e ladders and handholds to comply with Dock Regulations
e Basic lighting and water supplies extended to the berth
e Contractors general items
e Geotechnical investigation
e Design fees and statutory consents

e Contingency allowance

No allowances for a sediment transport study, dredging and a numerical wave modelling study are
included in the cost estimate.
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6.4 Option 4: Cofferdam at Fionnphort

6.4.1 Description

Option 4 is a double-wall cofferdam structure. This is located at the end of the existing pier and has
an overall plan size of 41.00m x 10.50m with the slab surface level being 2.50m above MHWS. The
plan layout and typical section of the proposed solution is shown on drawing 135114/SK08 in Appendix

The cofferdam is constructed using sheet steel piles with ties rods, rock fill and an RC surface slab and
cope. A 2.0m high RC wave return wall is provided to the south elevation.

Access to the berth is provided by the existing pier.

6.4.2 Merits and disadvantages

The advantages and disadvantages of the cofferdam option at Fionnphort are listed below:

This option gives shelter for waves coming from South, but it does not provide shelter for
waves coming from North. However, it is noted that the biggest waves at this location
come from South.

This option has a small footprint, which is beneficial in terms of environmental impact;
however, visual impact would be high, particularly at low tide, as the faces of the structure
are made of steel.

The existing pier can be used as access path, so there is no requirement for the walkway
included in Option 1.

This option is the most cost-effective.

6.4.3 Cost estimate

The cost estimate for this option is £2,380,000.

This cost allows for the design and construction of the overnight berth, including:

Sheet steel piling including surface treatments and cathodic protection
RC slab, cope (with opepe upstand) and wave return wall

Imported rock fill

V fenders 6.30m long on the North face

30t bollards at 5.0 m centres

Ladders and handholds to comply with Dock Regulations

135114 overnight berth options report rev b
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Cost estimate (Cont’d)
e Basic lighting and water supplies extended to the berth
e Contractors general items
e Geotechnical investigation
e Design fees and statutory consents

e Contingency allowance

No allowances for a sediment transport study, dredging and a numerical wave modelling study are
included in the cost estimate.

135114 overnight berth options report rev b
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6.5 Option 5: New Harbour - Cofferdam at Fionnphort

6.5.1 Description

Option 5 consists of a large L-shaped double-wall cofferdam structure south of the existing slipway at
Fionnphort that provides shelter and berthing space for several vessels. It has an overall plan size of
183.00m x 10.50m with the slab surface level being 2.50m above MHWS. The plan layout and typical
section of the proposed solution is shown on drawing 135114/SK09 in Appendix I.

The cofferdam is constructed using sheet steel piles with tie rods, rock fill and an RC surface slab and
cope. A 2.0m high RC wave return wall is provided to the south and west elevations.

Landfall is remote from the existing installations which will necessitate the formation of roads etc., to
provide access.

6.5.2 Merits and disadvantages

The advantages and disadvantages of this option are listed below:

In this options vessels are totally sheltered for waves coming from all directions.

This option proposes the construction of a new harbour providing berthing facilities for
several vessels.

An access road is required to be constructed in order to access the berth.

The environmental impact of building this option would be much higher than the
environmental impact of Options 1 to 4, as it has a much bigger footprint. Additionally,
visual impact would be high, particularly at low tide, as the faces of the structure are made
of steel.

This structure could be easily extended in the future if a bigger harbour is required (see
Section 7)

The cost of this option is higher compared to the cost of Options 1 to 4.

6.5.3 Cost estimate

The cost estimate for this alternative is £8,130,000

This cost allows for the design and construction of the overnight berth, including:

Sheet steel piling including surface treatments and cathodic protection
RC slab, cope (with opepe upstand) and wave return wall.

Imported rock fill

135114 overnight berth options report rev b
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Cost estimate (Cont’d)
e Vfenders 6.30m long on the North face
e 30t bollards at 5.0 m centres
e ladders and handholds to comply with Dock Regulations
e Basic lighting and water supplies extended to the berth
e Contractors general items
e Geotechnical investigation
e Design fees and statutory consents

e Contingency allowance

No allowances for roads, land based facilities etc., are included in the cost estimate.

No allowances for a sediment transport study, dredging and a numerical wave modelling study are
included in the cost estimate.
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6.7 Option 6: New Harbour - Sheet Piled Berthing Wall at Fionnphort

6.7.1 Description

Option 6 consists of a large breakwater south of the existing slipway at Fionnphort that provides
shelter and berthing space for several vessels.

The structure is a rock armour breakwater with an anchored sheet piled wall. This is located south of
the existing slipway and has an overall plan size of 183.00m x 4.00m with the slab surface level being
2.50m above MHWS. The plan layout and typical section is shown on drawing 135115/SK10 in
Appendix |. The breakwater is constructed using rock fill with rock armour protection. The berthing
structure is constructed of sheet steel piles with rock anchors and an RC surface slab. The breakwater
is taken onto the slab and to a level 4.0m above slab level to provide wave protection.

Access to the structure is by way of a short causeway. Landfall is remote from the existing installations
which will necessitate the formation of roads etc., to provide access.

6.7.2 Merits and disadvantages

The advantages and disadvantages of the sheet pile wall and breakwater option at Fionnphort are
listed below:

e In this option vessels are totally sheltered for waves coming from all directions.

e This option proposes the construction of a new harbour providing berthing facilities for
several vessels.

e Anaccess road is required to be constructed in order to access the berth.

e The environmental impact of building this option would be much higher than the
environmental impact of Options 1 to 4, as it has a much bigger footprint.

e This structure could be easily extended in the future if a bigger harbour is required (see
Section 7).

e The cost of this option is higher compared to the cost of Options 1 to 5.

6.7.3 Costestimate

The cost estimate for this alternative is £14,840,000.

This cost allows for the design and construction of the berthing facility, including:
e Breakwater and causeway; rock fill, geotextiles and two layers of rock armour protection

e Sheet steel piling with rock anchors including surface treatments and cathodic protection
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Cost estimate (Cont’d)
e RCslab and cope (with opepe upstand)
e Vfenders 6.30m long on the North face
e 30t bollards at 5.0 m centres
e ladders and handholds to comply with Dock Regulations
e Basic lighting and water supplies extended to the berth
e Contractors general items
e Geotechnical investigation
e Design fees and statutory consents

e Contingency allowance

No allowances for roads, land based facilities etc., are included in the cost estimate.

No allowances for a sediment transport study, dredging and a numerical wave modelling study are
included in the cost estimate.
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6.8 Option 7: New Harbour - Suspended Deck at Fionnphort

6.8.1 Description

Option 7 consists of a large breakwater south of the existing slipway at Fionnphort that provides
shelter and berthing space for several vessels.

The structure is a rock armour breakwater with a suspended RC deck on tubular piles. This is located
south of the existing slipway and has an overall plan size of 183.00m x 15.50m with the slab surface
level being 2.50m above MHWS. The plan layout and typical section is shown on drawing 135115/SK11
in Appendix |. The breakwater is constructed using rock fill with rock armour protection. The berthing
structure is constructed of tubular steel piles with a suspended RC surface slab with PC main beams
and bridge beams. The open underside of the suspended deck has rock fill with rock armour
protection. The breakwater is taken to a level 4.0m above slab level to provide wave protection.

Access to the structure is by way of a short causeway. Landfall is remote from the existing installations
which will necessitate the formation of roads etc., to provide access.

6.8.2 Merits and disadvantages

The advantages and disadvantages of the suspended deck and breakwater option at Fionnphort are
listed below:

e In this options vessels are totally sheltered for waves coming from all directions.

e This option proposes the construction of a new harbour providing berthing facilities for
several vessels.

e This option provides larger deck area.
e Anaccess road is required to be constructed in order to access the berth.

e The environmental impact of building this option would be much higher than the
environmental impact of Options 1 to 4, as it has a much bigger footprint.

e This structure could be easily extended in the future if a bigger harbour is required (see
Section 7).

e The cost of this option is high compared to the cost of Options 1 to 5.

6.8.3 Cost estimate

The cost estimate this alternative is £17,170,000.

This cost allows for the design and construction of the overnight berth, including:

e Breakwater and open deck protection; rock fill, geotextiles and two layers of rock armour
protection
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Cost estimate (Cont’d)
e Tubular steel piling including surface treatments and cathodic protection
e PCmain and bridge beams
e RCrear wall, slab and cope (with opepe upstand)
e Vfenders 6.30m long on the North face
e 30t bollards at 5.0 m centres
e ladders and handholds to comply with Dock Regulations
e Basic lighting and water supplies extended to the berth
e Contractors general items
e Geotechnical investigation
e Design fees and statutory consents

e Contingency allowance

No allowances for roads, land based facilities etc., are included in the cost estimate.

No allowances for a sediment transport study, dredging and a numerical wave modelling study are
included in the cost estimate.
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7 Potential future extension of proposed new harbour at

Fionnphort

As mentioned before, Options 5, 6 and 7 in Fionnphort have a potential to be extended if there is a
requirement to provide berthing facilities for a higher number of vessels in the future.

The extensions of Options 5, 6 and 7 are shown on drawings 135114/SK12 (Option 8), 135114/SK13
(Option 9) and 135114/SK14 (Option 10) respectively, where the berthing line parallel to shore has

been extended by 93m.

The costs of Options 8, 9 and 10 is indicated in the table below.

Cost of Option 8— extension of Option 5 £11,990,000
Cost of Option 9 — extension of Option 6 £20,995,000
Cost of Option 10 — extension of Option 7 £24,260,000
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8 Further works

The design of the overnight berth is very dependent on the wave climate and it needs to be pointed
out that the JONSWAP wave analysis undertaken at this time only provides a rough estimation of wave
heights. In order to develop any of these options further a numerical wave modelling study will need
to be carried out, as all the complex hydrodynamic processes to which waves are subjected when they
approach the shore need to be considered to obtain reliable wave height information. The output
obtained from the wave numerical modelling would be used to:

e Establish the wave height for the design of the structure

e Characterize the wave climate at the berthing line to assess the suitability of the proposed
solutions in terms of weather downtime

Additionally, a sediment transport study will be required in order to analyse sedimentation issues and
to assess the requirement of periodical maintenance dredging.

Moreover, due to the lack of geotechnical information and to the sensitivity of the design to soil
properties, a geotechnical investigation will be required to develop any of these options further.
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9 Recommendation

The most cost-effective solution is the cofferdam option, either at lona or Fionnphort (Option 1 or
Option 4) and, thus, it is recommended to adopt this solution for the new overnight berth.
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10 Appendix I - Drawings

Reference Description

135114/SK05 Option 1 - Cofferdam - lona

135114/SK06 Option 2 — Sheet Piled Berthing Wall - lona
135114/SK07 Option 3 — Suspended Deck - lona

135114/SK08 Option 4 — Cofferdam — Fionnphort

135114/SK09 Option 5 — New harbour - Cofferdam — Fionnphort
135114/SK10 Option 6 — New harbour - Sheet Piled Berthing Wall - Fionnphort
135114/SK11 Option 7 — New harbour - Suspended Deck - Fionnphort
135114/SK12 Option 8 — Extension of Option 5 - Fionnphort
135114/SK13 Option 9 — Extension of Option 6 - Fionnphort
135114/SK14 Option 10 — Extension of Option 7 - Fionnphort
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