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Executive Summary

This report presents an assessment of the effects of vessel movements resulting from use of
the proposed 15 m deep shipping channel in the L ower Otago Harbour.

The assessment is based on analysis of:

The existing wake environment as derived from tide gauge records at the Spit tide
gauge,

Observations of wake events at Te Rauone Beach,
Examination of photographs of vesselsin transit along the shipping channel, and

Studies carried out for the Ports of Mebourne comparing wake from container ships
in Port Phillip Bay.

Not all wake is discernable at the shore or at the tide gauge. This is because the wake is
sometimes not large enough to register visually at the shore or on the gauge, or is not able to
be distinguished from the background wave environment. Of the wake that is discernable, the
wake from the 4100 TEU vessels is more likely to be larger than the wake from other vessels.
However, the greatest humber of large wake events that were observed, arise from small
container ships and cruise ships. Thisis because there are many more transits of these types of
vessels per year than the 4100 TEU vessels.

The wake events that are more likely to be adverse at the shore are those that occur within an
hour or two either side of high tide. The effects on the water arelimited to within two or three
boat |engths away from the sailing line. As the shipping channel is “one way”, the interaction
of boats with wake does not occur between ships, and smaller vessels are advised to sail at a
distance from larger ones.

The deeper channd will result in reduced wake from the vessels that use the channel at
present due to the greater channel depth and a reduction in the blockage ratio. There will also
be a reduction in bed scour from these vessels.

It is likely that larger container vessels such as the 6000 TEU ships will have a wake in the
order of 10 -15% greater than the current 4100 TEU vessels. However when these vessels are
introduced to the harbour, there will be fewer vessd movements due to the greater vessel
capacity and would be a replacement service for the 4100 TEU service.

The cumulative effect of the deeper channel on wake wave effects in the Lower Otago
Harbour will be a net benefit, in that there will be an overall reduction in wake energy from
container ship movements.
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1. Introduction

1.1 Background

Thisreport is part of a collection of reports addressing progressing Port Otago Limited (POL)
operations to expand the capacity to service large container ships of 6000 to 8000 TEU
(twenty-foot equivalent units). These ships have 50% more capacity and are longer and wider
than existing ships that come to the harbour. Port Otago proposes dredging the approaches to
Port Chalmers and the berth area, deepening the channd to a minimum of 15 metres below
chart datum.

This report considers the effects vessels transiting the shipping channel in the Lower Otago
Harbour may have on the surrounding environment after the completion of the proposed
channel-deepening project.

Identification and assessment of the effects of larger vessels using the proposed deeper
channel on the physical coastal environment has used an approach consistent with
international practice (for example PIANC 2003), the requirements of the RMA (1991) and
NZCPS (1994 and 2008 proposed).

1.2 Theproposal

A full description of the proposed dredging activity is presented by POL (2010) in the
Channel Design Report and associated drawings. In summary, the minimum depth of the
main shipping channel between the Fairway Beacon and Port Chalmers will be increased
from 13.0m beow chart datum to a minimum of 15.0m with the entrance channel deepened to
17.5m from the Fairway Beacon to the mole. Figure 1.1 shows the proposed final bathymetry
for the harbour channel. (Source: Figure 3.8, Bell et al. 2009).
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Figure 1.1 Proposed Bathymetry of Lower Otago Harbour
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Figure 1.2 Proposed dredge disposal site AO.

The Otago Peninsula and bathymetry in Figure 1.2 shows the position of the area to be used
as an offshore dredged material disposal site, known as site AO. The centre of selected siteis
located approximately 6.3km off the Landfall Beacon (Background image source: Google
Earth, 2009).

Figure 1.3 shows the general extent of dredging required within the channel to achieve the
harbour bathymetry shown in Figure 1.1. The shipping channel is degpened, and the channel
margins are widened at the main bends (Harington Bend and Tayler Bend), while the size of
the swinging basin at Port Chalmers is increased. The banding shows the cut depth required
from the existing bathymetry to achieve thefinal channel profile.
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Figure 1.3 Proposed dredging depths within Lower Harbour

1.3 Existing container vessel size

To consider the effects the proposed channel deepening will have on vessd calls at Port
Chalmers it is relevant to discuss the existing vessel usage including maximum vessel size.
The largest vessel currently calling at Port Chalmersis the 4100 TEU weekly Maersk service.
The 4100 vessd flegt, Albatross Class, is generally 281m LOA, 32.2m beam and design draft
of up to 12.60m. Actual drafts based on recorded historical data at Port Chalmers are shown

in Figure 1.4.
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Figure 1.4 Vessel draft of weekly Maersk Service calling at Port Chalmers.
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Figure 1.4 shows the variance in vessdl draft in the 4100 Class vessel where, without
exception, all departures have a deeper draft than on arrival due to Port Chalmers being
predominantly an export port. There is also seasonal variability in the draft with a larger
variation between arrival and departure drafts during the export meat season, which startsin
November and finishes between January and May.

Due to the existing declared channel depth of -13.0m CD (chart datum), and the requirement
for a minimum of 10% underkeel clearance (UKC), there are Pilot imposed tidal restrictions
on vessels with a draft greater than 11.8m. This concept is covered in more detail in the Port
Otago Ltd channel design report.

Even though the 4100 TEU vessels are currently the largest in terms of displacement tonnage
to call at Port Chalmers there are also a number of other smaller commercial vessels using the
Lower Otago Harbour channel. A large percentage (approximately 40%) of additional vessel
calls are smaller container ships used as either feeder vessels for the 4100 weekly call or
deep-sea vessels in their own right. These smaller container vessels typically range from 180
to 225m long with drafts between 9.0 and 11.0m

1.4 Port Otago ship calls

As noted in Section 1.3 the number of commercial vessels using the Lower Harbour is not
restricted to container vessels. Table 1 provides an indication of the total ship calls for 2008
and the predicted number for 2010.

Table 1 Actual ship calls for 2008, and predicted ship calls for 2010

Vessd Trade 2008 Actual 2010 Predicted
ilscl);)STerEvLIJC(I\E/I aersk South East 50 50
Container Trade - Other 215 234
Cruise ships 39 50
Log and woodchip 16 17
Qil tankers 27 27
LPG Tankers 37 30
Cement trade 13 18
Fertiliser 14 12
Other vessels 43 40
Fishing Vessels 95 70
TOTAL 551 550

1.5 Potential vessel size

The increased channd depth and alignment will enable ships of greater tonnage to call at Port
Chalmers on a regular basis albeit tidally restricted at deeper drafts. Table 2 provides
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examples of vessels expected to be capable of navigating the proposed channel and for
comparison an example of the current Maersk vessel calling at Port Chalmers.

Table 2 Design vessels for Port Chalmers

Nominal Size Design LOA Beam Displacement Typical Ship
Draft Tonnage
4100 TEU 12.5m 281m 32.2m 53,081 Maer sk Damascus
6000 TEU 14.0m 318m 42.8m 84,900 Maer sk Karlskrona
6000 TEU 14.5m 300m 40.0m 84,771 Maersk Kendal
8000 TEU 14.5m 347m 43.2m 104,696 Sovereign Maersk

—mmT 0 60 U smibee R B0

Figure 1.5 6000 TEU Vessal Maersk Kendal.

It is anticipated that initially the 6000 TEU vessels, as shown in Figure 1.5, Maersk Kendal or
similar, will call at Port Chalmers with the 8000 TEU not expected to call in the next 20
years. The vessd allocation depends wholly on the shipping lines and trade route
requirements. Even with the proposed deeper channel Port Otago Ltd will be required to
impose tidal restrictions on the 6000TEU vessels. However the current restrictions on the
4100TEU vessels will be removed following incremental depth improvement to 13.5m below
CD.

It is unlikely that there will be increases in the size of other types of vessels such as LPG and
oil tankers, bulk carriers such as fertiliser, log and chip carriers or cruise ships. Although LPG
tankers and log carriers are generally not restricted by draft it is unlikely there will be demand
for larger vessels for the predicted trade volumes. Other vessels such as oil tankers and cruise
ships arerestricted by draft at other ports of call and in the case of oil tankers restricted by the
Victoria Channel in the Upper harbour.

1.6 Typesof effects

Theincrease in vessd size and the changes to the harbour bathymetry are likely to result in
changes to the vessd generated waves associated with ship passage along the channel. This
report identifies the extent and possible effects of these vessel-generated waves on the
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surrounding environment of the channd sides, the inter-tidal sand flats and beaches near to
the channel.

The environmental effects considered in this report include those resulting from waves
generated by vessels such as wake and Bernoulli waves, seabed scour and any potential safety
impacts. Figure 1.6 and Figure 1.7 show typical examples of wake generated by container
vessels arriving and departing Port Chalmers. The vessels are similar in size and travelling at
about the same speed, and although the pattern of the wake is similar between the two vessels,
the waves are different in size and in the effect in relation to the background wave conditions.
Further examples are presented in Appendix A. The size and effects of the wake is dependent
on a large number of variables such as vessel speed and length, climatic conditions and water
depth, this discussed further in Section 2.

Figure 1.6 Wake from the container vessel MSC Basel departing Pulling Point.
(Source: Leonard Muir, Otago Maritime Society, 2009)

Figure 1.7 Wake from the container vessel Patricia Schulte departing Harington Point.
(Source: Leonard Muir, Otago Maritime Society, 2009)
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1.7 Area of effects

The area potentially affected by waves associated with vessel movements along the proposed
channel in relation to this application is limited to the L ower Otago Harbour.

Any effects are likely to be within 500 m of the channel. However the potential effects of
wake waves through the entrance Channel to Harington Bend and at Te Rauone Beach are
examined in more detail. These areas are the most dynamic in terms of coastal environment
and exhibit greater sensitivity to environmental and climatic change in addition to being
adjacent and closer to the channel edge in an area of higher vessel speed.
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2. Vessel generated waves

2.1 Wavetypes

All vessds, from a self-propelled canoe to the largest container ships, generate disturbance in
the water. Behind the nature of the disturbance are complex wave patterns that can be divided
into three principle wave types plus a solitary surge wave as described below:

1. Wash; is the high energy turbulence at the stern of the vessd generated by the
propulsion mechanism of the vessel and hull friction,

2. Kdvin Waves or Wake;, are waves formed at the bow (divergent) and the stern
(transverse) of the vessedl and spread away from the sailing line combining at a
location perpendicular to the bow at a distance approximatey ' the length of the
vessel (as shown in Figures 1.6, 1.7 and 2.1). These waves are generated at sub-
critical speeds typical of conventional container ships,

TRANSVERSE
WAVE CRESTS

(Source: PIANC, 2003)
Figure 2.1 Steady state Kelvin wave pattern

3. Bernoulli Waves, (Figure 2.2) are waves generated by the displacement of water
from the passage of the vessel hull. Bernoulli waves are capable of traversing large
distances and are also described as surge waves or far field waves.
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Figure 2.2 Bernoulli wave and Kelvin wave generated by a large container vessel

4. Solitary surge wave; Thereis a fourth type of wave that large displacement vessels
in shallow water can generate. This is described as a solitary surge wave capable of
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travelling several boats lengths ahead of the vessel when travedling at closeto critical
speed. The generation of this wave is not possible for a container vesse in the
proposed Otago Harbour channd due to speeds of approximately 30 knots required.
This wave type will not be discussed in any further detail, as it is not relevant for
Otago Harbour.

Of the four wave types described above, wash and the Kelvin wake are visible to the naked
eye and disperse rdatively quickly with only comparatively minor disturbance in localised
aress close to the vessel. Maximum wave height is reduced by half in the first four boat-
lengths away from the sailing line. The decrease in wave height is primarily due to wave
diffraction (i.e. the spread of wave energy along the wave crest). However in very shallow
water, such as across intertidal sands in Lower Otago Harbour, wave decay will also be
caused by bottom friction.

Potentially the largest wave heights at shore are generated by the long period displacement
wave, the Bernoulli wave. Bernoulli waves are not visible in deep waters and break suddenly
on shore potentially affecting smaller moored vessels and users of nearby beaches. This is
particularly relevant for large vessels in confined waters but can be produced by any vessel
(PIANC 2003).

2.2 Factorsdetermining wave size

The magnitude of wave generated by the passage of a vessd is a combination of the following
factors:

Vessel speed;

Hull form;

Vessel size - length and draft;

Vessel displacement —load and trim;

Vessel course - distance from shore (sailing line), straight or turning;

Channel size and water depth, i.e. bathymetry.

As referenced in the Port of Melbourne Channel Deepening documentation (Maunsell 2006)
Bernoulli waves are most affected by vessel speed, vessel size and displacement, and channel
bathymetry. Kelvin waves are largely dependent on vessel speed and channd bathymetry, in
addition to hull form and the existence of a bulbous bow.

Due to the number of dependent factors for the generation of both Bernoulli and Kelvin
waves it is highly unlikely any two vessels will produce the same height of wave for the
passage of the same channel. Additionally the effects of climate, current and wave conditions
also affect wake generation and in turn wave energy dissipation.

Port Otago undertook a review of over 3,000 photographs provided by Mr Leonard Muir of
the Otago Maritime Society, and established that wake generated by the same vessel generally
varies with each transit depending on a multitude of factors. This is illustrated in Figure 2.3
below.
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Figure 2.3 Wake from the container vessel Nele Maersk
(Source: Leonard Muir, Otago Maritime Society, 2009)

2.3 Vessel speed

As detailed above, vessel speed is one of the dominant factors in vessel-generated waves for
the large container vessels under consideration. The current maximum speed in the Lower
Harbour is restricted to 12 knots with vessel speed approaching the Swinging Basin
progressively reducing from 12 knots at Cross Channel down to 6 knots at Acheron Point for
berthing at Port Chalmers. The changes in speed for the inbound vessel are shownin Table 3.

Table 3 Vessd speed in Lower Otago Harbour navigation channel (Data from Port Otago Ltd
2009)

Channel Reach Vessel Speed (knots)
Harington Bend 12

Tayler Bend 10

Pulling Point 8
Acheron Point 6

These speeds have been determined from years of experience within the Lower Harbour by
the Pilots Group at Port Otago and are applied to maintain safety requirements whilst
maintaining vessel manoeuvrability.

Depending on the state of the tide and wave conditions it may be necessary, at the Pilots
discretion, to increase vessd speeds passing through the channel entrance, both inward and
outward, to enable safe navigation through those sections of the channel. For example vessel
speeds past the Mole End may need to be greater than 12 knots for arrival of the 4100 Class
vessel during mid spring ebb tide to “punch” through the current.

2.4 Proposed vessel speeds

Following extensive vessdl simulation at Devonport Naval Base it was determined that vessel
speed for the proposed channel would not be any greater than the speeds shown in Table 3,
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irrespective of vessel size. This is detailed further in the Channel Design Report (Port Otago
Ltd, 2010).

2.5 Existing wave climate and vessel wake generation

Numerous studies have been completed on beach erosion at Te Rauone beach, including
recently Single (2007) and Goring (Mulgor Consulting Ltd 2007). Both studies referenced
wake or surge at the beach being observed following passages of vessels with Goring
correlating vessel berthing and departure times against water level wave readings at the
beach.

Goring concluded that “...Ships appear to generate waves, but they are small and fall within
the normal wave climate of Te Rauone Bay...” . The wave environment of Te Rauone beach
was stated as having 86% of waves less than 5¢cm high.

Goring further concluded that “...the height of the surge does not appear to be correlated
with the ship's size, but there is a weak dependence on their draught...”. The incoming
shallower draft vessels were found to create a higher surge than the departing deeper draft
vessels (the relation between drafts is shown in Figure 1.4). As noted in Goring 2007 thisis
likely to be due to Te Rauone Beach being perpendicular to the bow of the incoming vessel
and, as noted above, the potentially higher vessel speed as it approaches Harington Bend from
the open sea.

As shown by Single (2007) the wave climate at Te Rauone beach is varied, “The shore is
subject to a range of wave conditions. Waves generated by winds on the harbour are small,
steep and generally erosive....The dominant strongest winds are from west-southwest (Goring
2007). Breaking waves of about 0.5m have been observed during south-westerly storms”.

e
I.'l

o

Figur e 2.4 Te Rauone Beach showing south-westerly wind generated waves.

It should be noted that vessel generated wake lasts for a relatively short time (observed
average of 5.5 minutes), whereas swell and wind generated waves can last significantly longer
and have the potential to cause substantial damage to the dune system for periods up to 1.5

Shore Processes and Management Ltd Page 11



hours ether side of high tide. This concept is discussed in further detail below with data from
the Spit Tide gauge assessed to determine the extent of vessel-generated waves.

251 Wave climate and tidal analysis

During an examination of the Spit tide gauge tracing, it became clear that the wake pattern
generated by vessel passage was naoticeable on the trace recorded by the data logger. Figure
2.5 shows the short-term deviation of the water level trace about the predicted tidal curve.
This deviation is the result of waves being recorded by the tide gauge. However those waves
may be wind-generated waves, infragravity waves or vessel-generated wake waves.

1
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Figure 2.5 Typical Spit Tide gauge recording showing vessel passage

Tide height readings are recorded at 1-minute time intervals and provide the opportunity to
carry out a datistical analysis of the readings from the Spit tide gauge. Information was
assessed for the 6-month period from 1% January to 30" June 2008. The aim of the analysis
was to identify any correlation between commercial vessel visits and recorded wake events
and also to put the magnitude and duration of these events into context with background
natural meteorological events. The full analysisisincluded in Appendix B.

Deviations in water level about the tidal curve were identified as event signatures. During the
six months studied there were 683 events observed. The times of known commercial vessel
passages past the Spit tide gauge were also available and were assessed against the observed
events. There were 298 events (44% of the total) that corresponded with commercial vessel
visits over the 6-month period. It was inferred that the observed events that coincided with
vessel passages were related to wake waves from the vessel. This means that over 50% of the
events observed are likely to have been created by either vessels such as the Monarch scenic
cruises, non-piloted fishing vessels, the dredge New Era and the Aramoana pilot vessel or by
background natural events.

The analysis provided for classifying the wake events into four classes where Class O relates
to no discernable wake, Class 1 relates to barey discernable wake, Class 2 relates to readily
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distinguished wake waves and Class 3 relates to large wake waves. Each wake event was
attributed to a vessel where paossible, and the vessel type was coded with the data for analysis.
The types of vessels were small capacity container ships, cruise ships, 4100 TEU container
ships, LPG tankers, il tankers, timber carriers, cement carriers, other (generally smaller
vessels or one-off visitors) and unknown. Table 4 shows the results of the tide gauge analysis.

Table 4 Frequency of vessels in each wake grade and in each trade group from 1% January to
30" June 2008. The percentages represent the proportion of vessels in each wake grade in
each trade group.

Trade Wake magnitude class & per centagein each trade Total vesselsin
Group each trade
% % % %
0 Trade 1 Trade 2 Trade 3 Trade Total %
Container
Shl pS 0, 0, 0, 0, 0,
(<4100 54  (23%) | 69 (29%) | 70 (30%) | 41 (18%) | 234  (51%)
TEV)
%L‘f:osse 21 (3%) | 9 (17%) | 10 (19%) | 14 (26%) | 54  (12%)
4100 TEU

Container | 4 (8%) 5 (10%)| 19 (37%)| 24 (46%) | 52 (11%)
Ships

LPG 31 (86%) (11%) (3%) (0%) 36 (8%)

Oil 10 (42%) (29%) (25%) (4%) 24 (5%)

(17%) | 18 (4%)

Cement 9 (82%) (9%) (9%) %) | 11 (2%)

Other 18 (82%)

4 1
7 6
Forestry | 6  (33%) | 4 (22%)| 5  (28%)
1 1
2 (9w | 1
0

Unknown 9 (100%) (0%) 0 (0%) (0%) 9 (2%)

0
1
3
0
Gw | 1 G% | 22 (5%)
0
84

Total 162 (35%) 101 (22%) | 113 (25%) (18%) | 460  (100%)

This analysis shows that although the largest percentage of large (Class 3) wakes per vessel
type comes from the 4100 TEU Container ships, there are a greater number of large wake
events from smaller container vessels. The analysis of ship visits also showed that there were
162 commercial visits (35% of thetotal over the 6 months) that were not identified on the tide
trace dueto either high background “noise’ on the trace, or no discernable deviation from the
smooth tidal curve during the time when the vessels passed the Spit gauge.

In addition, the analysis of the tide gauge data showed that the maximum 1 minute deviation
in the water level trace was + / - 110mm with 99% of the discernable events (Class 1 or
above) being less than 40mm deviation.
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252 Vessdl wake observation programme

During preparation of this report it was determined that a visual observation programme
would be valuable in providing further background information on vessel generated effects
away from the shipping channel, and at the shore. The observation programme did not include
instrumented measurements. However detailed observations were carried out at Te Rauone
Beach between 17" August 2009 and 19™ October 2009. Twenty-two vessel passages were
observed. Estimates of wake wave heights were made, and the time of wake onset after the
vessel had passed the beach, and the duration of the wake event was recorded. The field
observation programme also included recording a number of features relating to the vessel
transit, the state of the wave environment prior to the wake, and the observed effect of the
wake waves at the beach. Further information about the state of the tide and the vessel loading
were added to the recorded notes following the field observations.

The results of the observations are summarised in Table 5 and are contained in full in
Appendix C. A number of transits were also recorded by video.

Table 5 Vessd observations at Te Rauone Beach (Speed shown is calculated from time taken

to pass afixed point)

pwrt | Wave | Tide |, . | Vessd
Date Vessel Vessd Trade Height | Height Speed
(tonnes) (m)
(mm) (m) (knots)
18/08/09 | Kakariki Oil tanker 46,724 200 1.50 6.45 7.6
20/08/09 | Magrsk Damascus | 4100 Container 53,081 140 0.08 10.30 11.3
18/08/09 | MSC Kiwi Container 14,367 150 8.30 8.2
20/08/09 | Peregrine Log 50,895 220 1.28 7.90 11.1
23/08/09 | Amattal Atlantis Fishing Vessd 1,255 200 1.78 7.30 8.3
Townsend
07/09/09 | Cromwel Research vessel 309 100 0.32 4,00 7.7
07/09/09 | Vega Gotland Container 13,806 100 0.22 7.60 10.9
Townsend
07/09/09 | Cromwell Research vessdl 309 150 0.66 4.00 7.0
14/09/09 | Maersk Radford Container 13,819 200 1.96 7.70 8.0
25/09/09 | Maersk Duffield 4100 Container 53,171 220 0.43 10.80 10.2
28/09/09 | Torea Qil tanker 37,069 150 1.62 6.40 11.3
01/10/09 | Maersk Dunafare 4100 Container 53,452 350 1.77 11.30 9.6
05/10/09 | Maersk Radford Container 13,819 150 1.36 7.10 10.9
08/10/09 | Maersk Denton 4100 Container 53,115 500 1.10 10.60 11.1
09/10/09 | Milburn Carrier |1 Cement 8,465 150 152 5.30 115
12/10/09 | Rehua Fishing Vessdl 2,483 120 1.56 7.10 13.1
13/10/09 | Maersk Fukuoka Container 11,815 150 0.44 7.30 11.3
16/10/09 | Crimson Jupiter Woodchip 48,205 150 2.19 8.40 8.7
16/10/09 | Maersk Damascus | 4100 Container 53,081 200 2.12 12.30 8.1
19/10/09 | Vega Gotland Container 13,806 100 0.25 7.90 11.9
19/10/09 | Crimson Jupiter Woodchip 48,205 100 0.20 11.03 9.3
19/10/09 | MSC Sardinia Container 43,270 100 0.22 9.10 9.3

An assessment of the relationship between wake height and a number of variables was carried
out. Data for the Maersk Denton was excluded due to complex wave reflection contaminating
the data. It was found that there was a weak correlation between wake height and tide height
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(as shown in Figure 2.6). This positive reationship is to be expected as deeper water in the
nearshore allows for less shoaling effect and bigger breaking waves.
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Figur e 2.6 Observed wake height versus tide height

As shown in Figure 2.7, there appeared to be little correlation between wave height and vessel
speed through the water. The vessel speed through water is calculated by measuring the time
taken for the vessel to pass a fixed point and applying an estimated current velocity. The
environmental and vessel factors that influence wave height are complex and vary over time.
The sample size is too small to show all this variability and subsequently there is no clear
relationship between vessel speed and wake height for the data set.

400
350
300
250
200

150

Wake Height (mm)

100

50

0
4.0 6.0 8.0 10.0 12.0 14.0 16.C

Speed through Water (knots)

Figure 2.7 Observed wake height versus vessdl water speed
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There were six occasions when the wake reached the dune face, on each of these occasions
the vessdl transits were at, or near, high tide with the water level already at a level near the
base of the dunes. Sand was observed in motion at the dune face as a result of wake on one
occasion (Maersk Damascus, 16/10/2009).

The passage of the Maersk Denton on the 8" October was particularly interesting not only
because of the wake breaker height, estimated at 500mm, but also because of the wake wave
characteristics observed offshore and in the nearshore. Over the years, residents at Te Rauone
have reported to Port Otago Ltd anecdotal descriptions of “rogue’ wakes associated with the
passage of larger vessels in certain conditions. There had been no measurements of such
waves, and no pattern recorded to the circumstances behind their occurrence due to the
apparent randomness of the events. Fortunately, with the passage of the Maersk Denton, a
video of such an event was recorded, enabling the wave generated to be studied in more
detail.

The recorded event occurred with a tide height of 1.10m. From the review of the video, the
vessels bow waves, or diverging waves, approached almost parallel to the beach. Due to a
combination of the steepness of the beach face at this tide height and the relatively calm
conditions the wave crests were reflected back off the beach back towards the channel. These
wave crests then intersected with the transverse wave crests from the stern of the vessel
creating considerably larger waves than either of the diverging or transverse waves. Thisis
caused by the combination of the energy of both waves effectively adding the crest heights
together to create alarger and potentially more energetic wave.

This condition is sometimes referred to as “ standing waves’ and although apparently linked to
reflection of the leading waves off the shore, it could also be related to phenomena known as
“cusp loci”, where the divergent and transverse waves intersect as they are travelling in
dightly different directions at dlightly different speeds. Details of the wake waves from the
passage of the Maersk Denton are illustrated in Figure 2.8, taken from the video footage and
subsequently marked up.

This complex wave effect can also occur where large vessels pass each other in confined
channels travelling in opposite directions. However, this cannot happen in Otago Harbour due
to the shipping channel having one-way traffic only.

Shore Processes and Management Ltd Page 16



Direction of Travel l-

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA / Stern Waves

Reflected
Bow Waves

Figur e 2.8 Wake generated by the passage of Maer sk Denton 8" October 2009

Observations of the transit of the MSC Basel and the Maersk Denton were undertaken on 5th
November 2009 following the recognition of this complex wave effect. Both vessels arrived
within 30 minutes of each other so weather, tide and current conditions were largely
unchanged between the transits. The observed effects showed that the reflection, and
subsequent complex wave conditions, occurred for both vesses with a bigger wave height
witnessed for the Maersk Denton. The Maersk Denton is a larger vessel (53,115 DWT,
4,112TEU) than the MSC Basel (45,696 DWT, 2,680TEU).

These observations and discussion with local residents confirm that this complex wave
pattern does not occur on all passages, but is very much dependent on the vessd, the climatic
conditions, the tide height and the state of tidal flow.
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2.6 Determination of vessel wake generation with a deeper channel

As noted in numerous publications including PIANC (2003), accurate computer-modelling
techniques do not currently exist to determine breaking wave height and beach run-up as a
result of vessel wake, and are likely to be decades away from becoming readily available.
Thisisin large part to the numerous variables associated with the passage of vessels and the
constantly changing natural environmental conditions (wind, wave and currents), and the
complexity of the bathymetry of navigable channels and adjacent shorelines.

Empirical studies carried out as part of the Channel Deepening Project (CDP) for Port of
Melbourne Corporation by Maunsdl Australia (Maunsell 2006) using vessel speed and draft
as the variables, indicate that an increase of approximately 15% in Kelvin wave height could
be expected from the larger vessd at speeds of 20 knots. It should be noted that these speeds
are much higher than would be alowable for safe passage of the Lower Otago Harbour,
although the changes in channel depth currently being constructed in Port of Mebourne are
very similar to those proposed by Port Otago Ltd.

Of relevance to Otago Harbour are the results of studies of vessels with speeds of 8 knots in
the Port of Melbourne channel. Conclusions from this work indicate that a deeper draft (14m)
vessd in the proposed channel will create dightly smaller waves, approximately 5 — 10%
reduction, than the 12.1m draft vessels in the existing channel. The reasons for the reduction
is explained as being due to the increased water depth and cross sectional area of the new
channel being the dominant factor rather than the deeper vessel draft. This effect is described
as the blockage ratio and is the wetted cross section of the ship in relation to the cross section
of the channel, This is illustrated in Figure 2.9. Table 6 provides estimated cross sectional
dimensions of the existing and proposed channels with batter slopes shown conservatively at
1 vertical to 3 horizontal.

Wetted CIoss-secton
area of vessel (A)

Blockage rata = 2
i Channel cross-section
area (B)

Vessol underkec!
clearancg

Typical Channel

Same Vessel in larger channel

Figure 2.9 Blockageratio

Shore Processes and Management Ltd Page 18



Table 6 Channel dimensions in the L ower Otago Harbour

Width (m) | Depth (m) Min Batter Cross Sectional
Slope Area (m?)
Existing Channel 183 13 1v:3h 2,890
Proposed Channel 200 15 1v:3h 3,675

Table 7 illustrates the significant reduction (approximately 21%) in blockage ratio of the 4100
TEU vessdl in the proposed channel and a 22% increase in the blockage ratio for 6000 TEU in
the new channel over 4100 TEU vessels in the existing channel. It should be noted that the
blockageratios' are calculated at Om of tide.

Table 7 Vessd dimensions and blockage ratio (note that a smaller blockage ratio indicates a
smaller degree of blockage)

Beam Draft (m) Squat Cross Blockage | Blockage
(m) (m) Sectional Ratio Ratio
Area of Existing Proposed
Vessd Channel Channel
(m?)
Existing 4100
TEU Vessdl 32.2 12.7 0.5 425 0.147 0.116
Proposed 6000
TEU Vessdl 43.0 14.5 0.76 656 (0.227) 0.179

Based on the information on blockage ratios above and the Port of Melbourne studies, it is
expected that the wake and wave effects of all existing vessels using the proposed deeper
channel in Otago Harbour will be reduced due to the deeper and wider channel. The proposed
channel provides alarger cross sectional area with the subsequent reduction in blockage ratio
for existing size vessels. As an example of magnitude of the wake, a fully loaded 4100 TEU
vessel could be expected to produce a maximum wake wave of around 205mm high in the
current channel configuration. This would be reduced to 187mm in the new channel, a
reduction of 9%. A similar reduction could be expected to apply to all vessels currently using
the channel. This agrees with the findings from M elbourne and studies by the US Army Corps
of Engineers (Maynord 2006).

There is an expected increase in the order of 10 to 15% from the current observed wake
heights from the 4100 TEU vessdls (ranging from no discernable effect to Class 3 wake
events) for the passage of 6000 TEU vessels in the proposed channel under similar tidal
conditions. The relative increase in wave height between the 4100TEU and 6000TEU vessels
will be very smal and wel within the variability of wake observed in the existing
environment.
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A positive effect of the introduction of the 6000 TEU vessels is the greater container capacity
of the larger vessals. This will result in an overall reduction in the number of vessd visits
required to carry the same volume of containers. The cumulative effect of this will be an
overal reduction in the number of vessel wake occurrences, and subsequently, a reduction in
the wake wave energy generated from container vessels in the harbour.
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3. Safety Impacts

With passing vessds of any size, safety impacts on nearby environments need to be
considered. General impacts can be grouped under the following sections:

1. People
2. Vessds underway or moored; or,

3. Structures.

3.1 People

With the passage of any vessel there is the possibility of safety impacts on people using the
Lower Harbour from vessel effects. Like wake, the magnitude of these impacts are dependent
on a number of factors including vessel size and speed but also relevant to consideration are
additional factors such as the channel topography and any special shoreline features.

The majority of safety issues associated with vessels are as a result of high or excessive speed
for the conditions. PIANC 2003 states “...In general, impacts involving people on or near the
shoreline are primarily associated with transver se waves generated by vessels operating at or
near critical speed and the long-period waves that comprise the first group of waves
generated by vessels operating at super-critical speeds.”

While vessels within the Lower Harbour are generally not operating at super critical speeds,
in particular container vessels, the statement is still relevant for shorelines close to the
shipping channel.

Table 8 summarises wake impacts associated with uses of the shore and provides examples of
locations within the Otago Harbour where these impacts may be experienced. The potential
risks detailed in Table 8 can be managed to reduce potential adverse effects. Management
measures are discussed in greater detail in Section 7.

Table 8 Impacts rdlated to the safety of people based on shordine characteristics (after
Kof oed-Hansen, 1996; MCA, 1998)

Shordine Otago Harbour Potential Risk Probable Cause
Characteristics Example
Shallow sloping Te Rauone Beach | People may becaught in | Rapid inundation of large
beach water or knocked down | areas from run up of long-
period waves
Moderate/ steep Careys Bay boat People knocked down Plunging and breaking
beaches, boat ramps ramp Damage to boats and waves
vehicles on ramp
Shorelines with sea Deborah Bay People on narrow beaches Rapid inundation of
walls shoreline trapped against sea wall exposed beach from run
up of long-period waves
Breaking waves that
overtop the seawall
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3.2 Vesselsunderway or moored

Where vessels generate wake they could potentially cause damage to moored vessels or
manoeuvring difficulties to other vessels underway. If moored, the extent of any potential
damage is clearly dependent on the size of the wake, how well the vessdl is secured and the
vessd size and shape. If the other vessel is underway the skipper’s skills and experience is
also a factor in the case of limiting the extent of yawing and rolling. This is particularly
relevant to yachties and recreational users of the Harbour.

The Otago Harbour channel has been designed as one-way access for deep draft vessels.
Therefore vessel-to-vessd suction forces are not considered in any further detail. These forces
can lead to a loss, or partial loss, of steerage with the resulting safety concerns being either
channel impact or collision with other vessels.

The risks to moored vessels and smaller vessels outside of the channd can be managed to
reduce potential impacts. Management measures are discussed in greater detail in Section 7.

3.3 Structures

A number of structures lie adjacent to the shipping channel of the Lower Harbour. These
include, but are not limited to the following:

Boathouses, wharves and jetties (for example at Weller’s Rock),

Protective rock walls along the harbour edge (for example Carey’s Bay to Waipuna
Bay, the northern section of Te Rauone Beach and Omate Beach),

Revetments, groynes and moles (for example in the Harbour entrance and offshore of
Te Rauone Beach).

The key impact on these structures is the drawdown and surge associated with the passage of
a large displacement vessd. This can result in a sudden change in water level leading to
undermining of the foundation of such structures over time.

There have been limited examples of impact on structures in the Lower Otago Harbour as
generally existing drawdown and surge wave magnitudes are small with a low likelihood of
occurrence. Asthe likelihood of occurrence is minimal thisis not considered further.
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4. Effectson Ecology

As the size of the wake waves from existing vessels using the deeper shipping channedl in
Lower Otago Harbour are likely to be smaller than at present, the effects of these waves on
the harbour ecology are likely to be no different or may be lesser than the present effects.
James et al. (2008) describe the ecological situation and the effects of the proposed dredging
activity in detail.

The potentialy larger Bernoulli wave from larger vessels (6000 to 8000 TEU vessels) may
disturb surficial sediments and biota near to the channd margins, but to no greater degree
than wind waves and tidal currents. However the larger surge effect of these waves at the
shore may have an effect to a higher devation than the Bernoulli waves from the existing
4100 TEU vessels using the harbour. This effect is primarily only of concern when the
shipping movement is at or about high tide. It is likely that the wave will affect the shore biota
to asimilar spatial extent across the shore as wind waves during storms, but as there are only
oneto three waves associated with this effect, the magnitude of the effect is less than during a
storm.

James et al. (2008) also discuss the effects on bird foraging and roosting, with the expected
impact from vessel wake to be minimal. James et al. (2008) note “ Birds in the Harbour are
acclimatised to regular ship movement and maintenance dredging and showed little response
to ship movement during observations at Aramoana (Sagar 2008).”

This is further evidenced by study of video footage taken during the vessel wake observation
programme whereby foraging and roosting birds either “rode out” the waves or simply flew
out of the way of incoming waves and settled back once the event has passed.
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5. Sandbank and Beach Stability

The sandbanks of the L ower Otago Harbour arerelatively stable sedimentary units. There has
been some accretion of sediment in areas of Aramoana and south of the shipping channel
opposite Aramoana. However the main secondary channels on the eastern side of the harbour
towards Omate Beach and Te Rauone have been stable in location and in depth. Thereis no
indication that there has been an effect of wake waves modifying the sandbanks or disturbing
the ecology and habitats of the inter-tidal areas. Surveys of the cross-section of the dredged
channel also show that there has been little change to the stability of the channel sides.

The minor changes expected in the magnitude of the wake waves from larger vessels using
the deeper channel are not likely to have any additional effect on the sandbanks or channel
sides. Natural processes, wind waves, will influence these areas and tides, as they are now, so
will remain as dynamic environments. They will not be adversdy affected by changes to the
vessdl traffic in the deeper shipping channel.

The beaches potentialy directly affected by wake waves due to close proximity are Te
Rauone Beach, the harbour side of Aramoana Spit / Shelly Beach, small pocket “low-tide”
beaches and along Omate Beach. As the wake wave is likely to be smaller for the existing
vessels and for larger vessels in the deeper channel, the effects at shores at a distance from the
shipping channdl is likely to be reduced from the present effect.
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6. Seabed Scour

Suspension and redistribution of seabed material, or seabed scour, is a common phenomenon
associated with the passage of vessels in close proximity to the seabed. It is a function of the
return of water to an at rest state following the passage of the vessel with the extent of scour
largely influenced by the return vel ocity of the displaced water.

The return water velocity is dependent on a number of factors including underkeel clearance,
shape and size of channel, vessel blockage ratio and vessd speed. There is also scour
generated by the action of the propeler jet. Information gained from a literature review is
clear in that high return velocities and scour are prevalent when the underked clearance is
very low or thereis a high blockage ratio.

As shown in Table 9, the current blockage ratio for the 4100 TEU vessels is greatly reduced
following the proposed channel deepening and widening. This indicates a reduction in the
current return velocities for the 4100 TEU vessel and all other existing vessels transiting the
channel. The largest vessels expected to use the proposed channel, 6000 TEU, do show an
increase in the blockage ratio over the present 4100 TEU vessels in the present channel, and
correspondingly an increasein return vel ocities can be expected.

Table 9 Vessel blockage ratios (note that a smaller blockage coefficient ratio indicates a
smaller degree of blockage)

Cross Sectional | Cross Sectional Blockage Per centage
Area of Area of Vessel Ratio Change
Channel (m?) (m?) from 4100in
current channel
4100 TEU Vessd 2,890 425 0.147 0
4100 TEU Vessd 3,675 425 0.116 -21.1%
6000 TEU Vesse 3,675 656 0.179 +21.8%

The critical velocity for sand entrainment in locations where higher vessel speeds will occur
is estimated to be about 0.5my/s. It is likely there is suspension already occurring under the
present channel conditions through passage of the 4100 TEU vessels. However, the rate of
sediment entrainment and scour may be higher in the proposed channel with the passage of
the 6000 TEU vessels dueto dightly greater return velocities.

As indicated above the seabed sand and silt will be susceptible to scour during the passage of
6000 TEU vessels. However Bell et al. (2009) recorded naturally high current velocities
within the channel of between 1.00 and 1.55 nvs during the peak spring flood tide. That work
indicates that sediment suspension and transport occurs naturally within the channel under
tidal flows. The result of the combined processes of tides and the smaller number of larger
ships acting on the seabed in the proposed deeper channel will not change the potential
mobility of the sediments to a large degree.
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7. Wake M anagement

7.1 General

Wake will ailmost always be an effect of the passage of vessels using the navigable channel of
the Otago Harbour. These effects cannot be avoided due to the requirement to maintain vessel
speed to ensure safe navigation of the channel. Physically there is little that can be done to
reduce the magnitude of vessel wake. Instead, increasing public awareness and knowledge
about potential wake, and modifying the effects at the shore are appropriate management
options.

7.2 Management Options

A key phase of management into the effects of vessel wake will be a campaign to increase
community awareness and communication to Harbour users of the potential impacts of waves
associated with vessel passage in the shipping channel. Options for management could be as
follows:

1. Awareness or reminder to the Port Otago Ltd pilot staff to keep speed to a practical
minimum,

2. Pilots sounding the horn during daytime hours on bends prior to navigating to warn of
vessel approach.

Media promotion, radio and newsprint,

Signs on beaches and boat ramps to advise users of possible risks associated with
passing vessels,

5. Communication with user groups, such as
a. Yacht Clubs,
b. Commercial users (Monarch Cruises, €c),
c. Rowing Clubs,
d. Port Environment Committee.

6. Implementation of beach profile monitoring on affected shores at Te Rauone beach
and the distal end of the Aramoana spit.
It is anticipated that an education and advertising programme into the safe passage of vessels
within the lower Otago Harbour would be implemented as part of the capital dredging
campaign and preceding the arrival of larger vessels.

7.3 Te Rauone Beach

Port Otago are currently in discussions with the Otago Regional Council, Dunedin City
Council, Te Rauone Coast Care Committee and residents in regard to the ongoing erosion
issues at Te Rauone Beach. As part of these discussions a number of mitigation measures
were suggested by Single (2007), and are summarised as follows:

1. Do nothing,
2. Managed retreat
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3. Beach re-nourishment

4. Construction or destruction of shore groynes

5. Seawalls, revetments and bulkheads

6. Nearshore structures, i.e. artificial reef, submerged short paralle structure, etc

It was concluded that “It is likely that a combination of options will need to be employed to
achieve a sustainable managed coastal resource, and that different sections of the bay will
require different types of management. Beach nourishment in combination with structures to
encourage sand retention is identified as the most likely successful option.”

The process to instigate the above mitigation measures for Te Rauone has commenced and
will continue irrespective of the channd deepening and widening project. This work is an
ongoing interest for Port Otago Ltd as a harbour user, and the company will encourage the
project to befostered in a partnership with other users.

It is anticipated that work completed as part of Te Rauone beach, in particular the
construction of a rocky groyne and beach re-nourishment, will reduce the incidents of
standing wave generation. This incident reduction is expected as the likelihood of bow
diverging wave fronts being reflected off the beach is significantly reduced due to the energy
dissipation characteristics of the rock groyne and the sand beach seaward of the dunes. Re-
nourishment of the beach will also reduce the beach face angle, which in turn will dissipate
wave energy dueto friction, again minimising the likelihood of reflection.
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8. Summary and Conclusions

Vessels moving through water generate wake. The character (size, period, direction of travel,
number of waves and duration of the event) of wake waves are dependent on a large number
of variables including vessel shape, vessel speed, vessel displacement, bathymetry of the
channel and surrounding water body and the climatic conditions including wind, wave and
tide.

Port Otago’s proposal to deepen and widen the existing navigable channel in the Lower Otago
Harbour will enable vessels of alarger size and displacement to transit the channel. Concerns
have been raised that this could potentially lead to increased magnitude and instances of wake
from vessels that cause public nuisance and create safety concerns for fellow users of the
Harbour.

It has been shown that wake generated by commercial vessels is of limited duration (on
average 5.5 minutes per vessd) and is a smal component (<1%) of the total wave
environment of the entire harbour system. Swell and wind generated waves can persist for
considerably longer durations. An examination of waves evident on the Spit tide gauge
readings showed that larger vessels generally created larger wakes than smaller vessels.
However, wake events from large vessels occurred much less often than from smaller vessels
and often could not be discerned from the natural background waves.

An observation programme of wake waves was carried out at Te Rauone Beach. It was found
that wake waves arrived at the beach from inbound and outbound vessels, and that the wake
only reached the backshore and dunes within one to two hours of high tide. Complex wave
events were also observed at Te Rauone. These waves appeared much larger than
straightforward wake, and included a large reflected wave and a series of “standing waves’
just offshore of the beach following the passage of a 4100 TEU vessel. The wave train was
generated by bow waves being reflected from the beach face and other shoreline features and
intersecting with the stern transverse waves. This results in a wave of combined energy and
amplitude. This complex wave event, which rolls along the beach, does not occur on all
passages and is very much dependent on the vessdl, the climatic conditions, and the state of
thetide.

It is likely that the proposed deepening and widening of the Lower Otago Harbour channel
will result in a reduction in the magnitude of wake generated by commercial vessels currently
transiting the channel. This is due to the reduction in blockage ratio of the vessels in relation
to the channel depth and cross-sectional area. There will also be a reduction in the seabed
scour beneath the vessels due to the lower blockage ratio and the greater clearance beneath
the existing vessels and the proposed base of the channel.

The wake waves created by 6000 TEU vessds will be potentially larger than those from the
4100 TEU vessdls due to the greater displacement and blockage ratio of the larger vessels on
a typical transit of the harbour channdl. It is difficult to quantify this increase with any
certainty although based on vessd observations and studies in Port Phillip Bay in Mdbourne
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it is likely to be in the order of 10 — 15%, this range is well within the natural variability
within the existing wave environment.

With the introduction of a service utilising 6000 TEU vessdls, the number of transits of
container vessels will beless than at present dueto the larger capacity of the vessels. This will
mean that the same volume of containers will be moved for less container vessel transits.
Therefore the cumulative effect of wake waves in the harbour will be reduced.

There are no documented effects on the harbour ecology from wake generated by the passage
of the present vessels using the harbour channel. This situation is not likely to change
following the deepening and widening of the channel. Any effects from existing vessels that
may exist are likely to be reduced. The wakes of the 6000 TEU vessels may disturb surficial
sediments and biota but to no greater degree than current wind waves or tidal currents.

The physical occurrence of wake cannot be eliminated. However, management measures
recommended during and following channel degpening and widening can improve personal
safety by increasing the community awareness and educating the general public and users of
the harbour to the effects of vessel traffic even though most of these effects are likely to be
reduced. Likely methods of increasing awareness may be through media promotion, signs and
continued communication with user groups.

With strong support from the community and other partners the consenting and construction
of a rock groyne at Te Rauone beach and subsequent sand re-nourishment will continue
irrespective of the channel deepening and widening project. The potential effects of vessel
wake, including reflected and standing waves will be taken into consideration for the final
design of any works at Te Rauone Beach.

In conclusion, the effects of vessel passage following widening and degpening of the existing
navigable channel will be similar or less than that currently existing. The cumulative effect of
vessel wake, both current and in the future, is likely to be much less than the effects of natural
waves and tidal currents occurring in the dynamic environment of Otago Harbour.

Shore Processes and Management Ltd Page 29



9. References

James M, Probert K, Boyd R, Sagar P (2008): Biological resources of Otago Harbour and
offshore: assessment of effects of proposed dredging by Port Otago Ltd. NIWA Client
Report HAM2008-152 prepared for Port Otago Ltd.

Maunsell Australia 2006 Channel Deepening Project: Vessel Effects Head Technical Report
, Maunsell Australia. Mebourne, Victoria

Maynord, S 2006 Ship Forces on the Shoreline of the Savannah Harbor Project, US Army
Corps of Engineers, 63pp

Mulgor Consulting Ltd 2007 Waves and Currents in Te Rauone Bay, Unpublished report to
Otago Regional Council, April 2007. 31pp

PIANC 2003 Guidelines for managing wake wash from high-speed vessels. Report of
Working Group 41 of the Maritime Navigation Commission, International Navigation
Association. 48pp

Port Otago Limited 2008 Otago Harbour Pilotage Guide, Version 1.2, October 2008
Port Otago Limited 2009 Channel Design Report, May 2009

Single, M.B. 2007 Te Rauone Beach coastal resource management options, Unpublished
report to Port Otago Limited, Shore Processes and Management Ltd, December 2007.
15pp

Acknowledgements

Port Otago would like to offer our appreciation to Mr Leonard Muir of the Otago Maritime
Society who provided his time and photographic catalogue of vessd transits to Port Otago to
study, some of which are contained in Appendix A.

Ms Amy Shears was tasked with interpreting 6 months of tidal data from the Spit tide gauge
and cross-referencing this with vessel movements. A task requiring attention to detail and no
shortage of patience, we thank Amy for her efforts and the results are included in Appendix
B.

It must also be acknowledged the efforts of Mr Fraser Cameron who spent many an hour at
Te Rauone Beach aobserving and recording the passage of vessels. His observations are
presented in Appendix C.

Shore Processes and Management Ltd Page 30



Appendix A

Photographic collection of vessels transiting Otago Harbour
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Appendix B

Wave climate and tidal analysis at Spit Wharf tidal gauge, Aramoana

This Appendix is a copy of a short report completed by Amy Shears, aMasters
student at Otago University, on the basis of a brief from Port Otago. Amy undertook
analysis of the “ Spit” tide data for the period 1 June 2008 to 30 June 2008.

Shore Processes and Management Ltd



Appendix C

Te Rauone Beach vessel wake observation programme data
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Appendix Al - Asian Trader 2 arriving Harrington Point

Appendix A2 — Cabo Negro arriving Harrington Point



Appendix A3 — Cape Race departing Pulling Point
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Appendix A4 — Cap Byron departing Pulling Point



Appendix A6 — Challenge Pioneer departing Harrington Point



Appendix A7 — Forest Wave departing Pulling Point
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Appendix A8 — Maersk Josephine departing Pulling Point



Appendix A9 — Maersk Damascus Departing Pulling Point

Appendix A10 — Maersk Damascus arriving Harrington Point



Appendix A1l — Maersk Damascus arriving Harrington Point

Appendix A12 — Maersk Deniaarriving Harrington Point



Appendix A13 — Maersk Denton departing Pulling Point

Appendix A14 — Maersk Dominica departing Harrington Point



Appendix A15 — Maersk Fuji arriving Pulling Point

Appendix A16 — Maersk Dunafare arriving Pulling Point



Appendix A17 — Maersk Niigata departing Pulling Point

Appendix A18 — Mercury departing Pulling Point



Appendix A19 — M SC Basel departing Pulling Point

Appendix A20 — M SC Canberradeparting Harrington Point



Appendix A21 — M SC Clorinda arriving Pulling Point

Appendix A22 — M SC Canberradeparting Harrington Point



Appendix A23 — M SC Denisse departing Harrington Point

Appendix A24 — M SC Edith arriving Pulling Point



Appendix A26 — Patricia Schulte departing Harrington Point



Appendix A28 — Rhapsody departing Harrington Point



Appendix A29 — Rehua arriving Pulling Point

Appendix A30 — SP Endurance arriving Harrington Point



Appendix A32 — UTE Oltmann arriving Pulling Point



Appendix A33 — Vega Gotland departing Harrington Point

Appendix A34 — Wellington Express arriving Pulling Point
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03/09/2009
Dear Lincoln
Re: Spit Tide Gauge Analysis for Ship Wake and Weather Effects

Purpose of Work: To provide some factual data and analysis to show what the effect
vessels passing the spit tide gauge have. To put the magnitude and duration of these
events in context with natural meteorological events.

The following results were calculated in Excel file - Visits Jan 2008 to 16 March
2009_modified (attached). Vessel wakes were observed in the Spit tidal height gauge
data over 6 months (1% January 2008 to 30™ June 2008). Visua wake observations
were recorded and later cross referenced with the POL record of vessel arrivals and
departures.

To aid identification of wakes and look at the context of wake heights in the tide
trace, the difference in tidal height between every minute interval of recordings was
calculated and graphed with the tide trace (Fig. 1). The change in tidal height in each
minute was collated in Figure 2 to show most of the height variation in a minute was
within 20 mm but maybe due to waves tidal change was often up to 30 mm in a
minute. As much as 110 mm in tidal height change in a minute was rarely observed,
but are assumed to be due to vessel wakes.

Figure 1: Example of wake observations in the tidal height trace (m) (dark blue line) on the 1%
and 2" of January 2008 at Spit gauge (minutes are shown on the x-axis). The bright blue line is
the differencein tidal height over each minute. White circlesrefer to a wake that correspondsto
a vessel passing, whereas a red circle was observed possible wakes that did not correspond to a
vessel passing. The larger yellow circle covers an area with undulating tidal heights, which is
later crossreferenced for an explanation with wind speed and dir ection data at Taiar oa Head.
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Figure 2: Frequency of tidal height changesin a minute for January to June in 2008. For all six
months over 40% of the minutetidal change was near O mm.
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The first aim of the wake observation exercise was determining the “hit rate” — how
often possible wakes appeared on the Spit tide gauge that could actually be cross-
referenced to a recorded vessel passing the gauge at that time (Tab. 1). Over the six
months of tide gauge data, 683 possible wakes were visually observed, of which 44%
were cross-referenced back to recorded vessels passing the Spit gauge at the same
time (298 vessels). The 385 misinterpreted observations can be explained by either
waves that appeared like wakes in the tide trace or unrecorded vessel movement
through the harbour entrance (e.g. fishing boats and Monarch scenic cruises).

Table 1: Visual wake observations at Spit tide gauge and their correlation with recorded vessel
arrivalsand departuresin January to June, 2008.

Month Observed Vess No Vessl Correct Wake
Wakes Recorded Recorded Observations

January 81 43 38 53%

February 106 55 51 52%

March 123 57 66 46%

April 109 39 70 36%

May 129 51 78 40%

June 135 53 82 39%

TOTAL 683 298 385 44%

But more vessels visited Otago Harbour than what was visually observed in the Spit
tide gauge data. Generally, the wakes of most large vessels were observed in the tide
data and the smaller vessel wakes were not identified. Six months of tide gauge data
were examined for vessel wakes and the magnitude of each wake was recorded (on a
scale from O-No identifiable wake to 3-Large wake) and matched with a recorded
vessel (or no vessel as already shown).



JANUARY 2008

82 vessels passed the Spit tide gauge in January 2008, of which 43 vessels can be
observed in the tide gauge records (52%) and only 11 vessels created “large” (wake
grade 3) wakes (13%). The average wake grade was 1.04. Half of the 4100 liners
produced grade 3 wakes. Large wakes were also produced by other liners and cruise
ships.

Table 2: Frequency of vessels with wakes observed at Spit tide gauge in each wake grade and
from each trade group in January, 2008.

Trade Group Wake magnitude (0-no wake to 3-large wake) Total vessels
in each trade
0 1 2 3
Liner 13 6 12 3 34
Cruise 9 5 4 4 22
4100 Liner 1 3 4 8
LPG 3 1 4
Qil 2 2
Forestry 1 1 2
Cement 2 2
Other 4 4
Unknown 4 4
Total vessels in
each wake grade 39 12 20 11 82
FEBUARY 2008

Out of the 92 recorded vessels that passed the Spit gauge in February 2008, 59% had
identifiable wakes (55 vessels) and 19 vessels created large (grade 3) wakes (21%).
Table 3 shows that the vessels producing the large wakes were mostly liners, then
cruise ships and 4100 liners. Overall the average wake grade for February was 1.22
(barely identifiable small wakes).

Table 3: Frequency of vessels with wakes observed at Spit tide gauge in each wake grade and
from each trade group in February, 2008.

Trade Group Wake height grade (0-no wake to 3-large wake) | Total vessels
in each trade
0 1 2 3
Liner 7 10 9 10 36
Cruise 6 4 4 6 20
4100 Liner 2 1 3 3 9
LPG 7 1 8
o]] 3 1 2 6
Forestry 2 2
Cement 2 1 3
Other 8 8
Total vessels in 37 17 19 19 92
each wake grade




MARCH 2008

Out of the 84 recorded vessels that passed the Spit gauge in March 2008, 68% had
identifiable wakes (57 vessels). Table 4 shows 19 vessels created large (grade 3)
wakes (23%) and the vessels producing these large wakes were mostly liners, then
equally cruise ships and 4100 liners. Overal the average wake grade for March was
1.42 (barely identifiable small wakes).

Table 4. Frequency of vessels with wakes observed at Spit tide gauge in each wake grade and
from each trade group in March, 2008.

Trade Group Wake grade (0-no wake to 3-large wake) Total vessels
in each trade
0 1 2 3
Liner 9 9 13 10 41
Cruise 4 2 4 10
4100 Liner 1 4 4 9
LPG 4 4
oil 1 3 1 1 6
Forestry 1 3 4
Cement 2 2
Other 4 1 5
Unknown 3 3
Total vessels in
each wake grade 21 14 24 19 84

APRIL 2008

Out of the 60 recorded vessels that passed the Spit gauge in April 2008, 65% had
identifiable wakes (39 vessels) and 7 vessels created large (grade 3) wakes (12%)
(Tab. 5). The vessels producing the large wakes were mostly from liners, then 4100
liners. Liners are the most frequent vessel past the spit gauge but the average wake
grade for linersis only 1.43, however, 4100 liners have an average wake grade of 2.
Overall the average wake grade for April was 1.20 (barely identifiable small wakes).

Table 5: Frequency of vessels with wakes observed at Spit tide gauge in each wake grade and
from each trade group in April, 2008.

Trade Group Wake height grade (0-no wake to 3-large wake) | Total vessels
in each trade
0 1 2 3
Liner 7 11 12 5 35
Cruise 2 2
4100 Liner 1 5 2 8
LPG 6 6
o]] 2 1 1 4
Forestry 1 1 2
Other 1 1 2
Unknown 1 1
Total vessels in 21 13 19 7 60
each wake grade




MAY 2008

Out of the 63 recorded vessels that passed the Spit gauge in May 2008, 81% had
identifiable wakes (51 vessels) and 15 vessels created large (grade 3) wakes (24%).
Table 6 shows the vessels producing the large wakes were mostly from liners, then
4100 liners. Liners are the most frequent vessel past the spit gauge (60%) but the
average wake grade for liners is only 1.68, however, 4100 liners have an average
wake grade of 2.3. Overall the average wake grade for May was 1.54 (identifiable
small wakes).

Table 6: Frequency of vessels with wakes observed at Spit tide gauge in each wake grade and
from each trade group in May, 2008.

Trade Group Wake height grade (0-no wake to 3-large wake) | Total vessels
in each trade
0 1 2 3
Liner 3 15 11 9 38
4100 Liner 2 3 5 10
LPG 4 2 6
o]] 1 1 2 4
Forestry 1 1 2
Cement 2 2
Unknown 1 1
Total vessels in 12 20 16 15 63
each wake grade

JUNE 2008

Out of the 79 recorded vessels that passed the Spit gauge in May 2008, 67% had
identifiable wakes (53 vessels) and 13 vessels created large (grade 3) wakes (17%).
The vessels producing the large wakes were mostly from 4100 liners, then liners and
forestry vessels (Tab. 7). The average wake grade for 4100 liners in June 2008 was of
2.6 but these vessels only made up a small proportion of the total vessels past the Spit
gauge (10%). Overall the average wake grade for June was 1.19 (barely identifiable
small wakes).

Table 7. Frequency of vessels with wakes observed at Spit tide gauge in each wake grade and
from each trade group in June, 2008.

Trade Group Wake height grade (0-no wake to 3-large wake) | Total vessels
in each trade
0 1 2 3
Liner 15 18 13 4 50
4100 Liner 1 1 6 8
LPG 7 1 8
o]] 1 1 2
Forestry 1 2 1 2 6
Cement 1 1 2
Other 1 1 1 3
Total vessels in
each wake grade 26 25 15 13 9




SXMONTHS

The problem with the visua method we chose is that as | have gone through
identifying wakes | have (inadvertently) got better at picking them. All together 65%
of the vessels create wakes that can be observed (Tab. 8). Generaly, most of the
wakes from liners, cruise vessels, oil vessels and forestry vessels could be observed.
18% of the vessels produced grade 3 (large) wakes, haf of which were from liners
and a quarter from 4100 liners. But atotal of 234 liner vessels passed the Spit gauge
and only 18% produced large grade 3 wakes. The trade group with the greatest
percentage of large wakes was by far the 4100 liners with 46% (Tab. 8). Overall the
average wake height grade for the six months sampled is 1.26 (barely distinguishable
wakes).

Table 8: Frequency of vessels in each wake grade and in each trade group from 1% January to
30™ June, 2008. The percentages represent the proportion of vesselsin each wake grade in each
trade group.

Trade Wake magnitude grade & percentagein each trade Total vessels
Group in each trade
0 Trog)de 1 Trog)de 2 Trog)de 3 Trog)de Total %

Liner 54 (23%) | 69 (29%)| 70 (30%) | 41 (18%) | 234  (51%)
Cruise 21 (39%) 9 (1) | 10 (19%) | 14 (26%) | 54  (12%)
i’ Ilr?gr 4 (8%) 5 (0% | 19 (37%)| 24 (46%) | 52 (11%)
LPG 31 (86%) 4 (1% | 1 (3w | 0 (0% | 36 (8%)
Oil 10  (42%) 7 (%) | 6 (5% | 1 (4% | 24 (5%)
Forestry 6 (33%) 4 (22%)| 5 (28%)| 3 (17%) | 18 (4%)
Cement 9 (82%) 1 (%) 1 9% | 0 (o | 11 (2%)
Other 18  (82%) 2 (%) 1 5% | 1 (5% | 22 (5%)
Unknown| 9 (100%) | O (0% | O (0% | O  (0%) 9 (2%)

Total 162  (35%) | 101 (22%) | 113 (25%) | 84 (18%) | 460  (100%)




WIND

| have also attempted to correlate observed tidal height fluctuations with wind datain
January and February. Unfortunately these don’t match as well as we had hoped (Fig.
3-6). But certainly during these times of tidal height fluctuations, observing vessel
wakes was almost impossible and as a result either many potential wakes were
observed or barely any were observed. But using 6 months worth of data should

reduce the effect of visual wake observation method.

60

50

40 +

30 -

20 +

1077‘ Y

0
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

400

“r 350
1 300
- 250
- 200
- 150
- 100

4 50

—— Speed
Direction

Figure 3. Correlation between observed periods of Spit tide gauge height fluctuation (yellow
circles% and wind speed (pink line) and direction (blue dot) recorded at Taiaroa Head on January

1% -15™ 2008. Time on the x-axisisminutes from the start of the month.
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Figure 4. Correlation between observed periods of Spit tide gauge height fluctuation (yellow
circles) and wind speed (pink line) and direction (blue dot) recor ded at Taiaroa Head on January

16'"- 31, 2008. Time on the x-axisis minutes from the start of the month.
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Figure 5: Correlation between observed periods of Spit tide gauge height fluctuation (yellow
circles) and wind speed (pink line) and direction (blue dot) recorded at Taiaroa Head on
February 1% -15™, 2008. Time on the x-axisis minutes from the start of the month.
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Figure 6. Correlation between observed periods of Spit tide gauge height fluctuation (yellow
circles) and wind speed (pink line) and direction (blue dot) recorded at Taiaroa Head on
February 16" - 29", 2008. Time on the x-axis is minutes from the start of the month.

Generdly, the six months collated into Table 8 shows that most vessels have
observable wakes. What Table 8 doesn’t show is that when waves are present, vessel
wakes blend in remarkably and many waves begin to look like vessel wakes on the
tide trace. Throughout the six months of observations my thoroughness in identifying
wakes may have varied. Particularly in windy periods where the wakes were more
difficult to identify, as aresult, either far too many potential wakes were observed or
far too few observations were made, therefore, affecting the results of Table 1.

Let me know if there is anything else you would like me to work on.

Regards,
Amy Shears



Interpretation of Vessel Trace records on following pages
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Site Observation Form

PORT
OReQ
===

Physical Environment Data Vessel Data
LocaTion: Te RAUONE obs [NAME: Kahaviki ~ obs
DATE: 3 [ 8 (04 obs |TRAVEL DIR. ARR /DEP ) obs
TIME START: 1025 obs |DRAFT: £ 45 POL
 TIME END: (r:oF obs |[TONNAGE: 4671 24 POL.
WEATHER:  Oveveast obs [LENGTH 1724 POL
winD:  |vght to wiodevate WSl obs / POL|SPEED: 7-6 BN POL
(WAVE: ‘Eéjrﬂ all wJavey  0Cwmua obs / POL|TIDE HGT: 'S POL
TIDE STATE: POL
Measured Wake Data
Time of vessel pass 10:45 hh:mm:sec|Maximum Height 200 mm|
Bow Past Fixed Point 0 sec |Estimate of draw down distance | m
Stern Past Fixed Point A4 sec |Estimate of max travel up beach 2
Time of 1st Wake Wave 232 mm:sec|Duration of event 6100 sec |
Height of 1st Wake Wave 200 mm|Time for Wave to Reach Shore 2°3 2 sec
Time of Last Wake Wave 6 oo mm:sec

Observed Wake Data

|Change in wave period

IS
YES )/ NO

Comments

Change in approach angle

Wind and waves Same_quay

Does the wake create sand in motion

é\/ NO \/o.vj Ltte |

Does the wake reach the base of the dunes

Does the wake cause any noticeable dune erosion

Qedthed und.e .VS‘JUW':W\.

Photos taken

Video taken

DISCUSSION / COMMENTS:

Observed by:

Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN‘o_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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PORT

Site Observation Form OTAGQO
= = S .
Physical Environment Data Vessel Data

LOCATION: (e Kauond obs |NAME: aevsk  Vawtascus obs
patE:  20[%/09 obs |TRAVEL DIR. (ARR/ DEP obs |
TIME START: 9-30 obs |DRAFT: (0-30 POL
TIME END: 1245 obs |TONNAGE: 530%| POL
|WEATHER: Sun:\g /r;uﬁ c',irstj cloue ( obs [LENGTH 26%-0 POL
(WIND: Vv« lifHe” "NINE obs / POL|SPEED: I3 ke POL
wave: vy Smgll  80mm obs / POL|TIDE HGT: oo POL

J TIDE STATE: POL |

Measured Wake Data

Time of vessel pass F:.39 hh:mm:sec|Maximum Height 4o mm
Bow Past Fixed Point O sec |Estimate of draw down distance <liddnd nelica m
Stern Past Fixed Point Ab sec |Estimate of max travel up beach 30 wvewve -ﬂ:ﬂ m
ElS 9 mj
Time of 1st Wake Wave 0 50 mm:sec|Duration of event Eiisie sec
Height of 1st Wake Wave 14O mm|Time for Wave to Reach Shore 20 sec
Time of Last Wake Wave 7-00 mm:sec

Observed Wake Data

Comments

Change in wave period

(YES’/ NO

Change in approach angle

(YES/ NO

Does the wake create sand in motion

YES /(NO |

Does the wake reach the base of the dunes

YES / {0 |

Does the wake cause any noticeable dune erosion

YES / 8O

Photos taken

YES /(NO)

Video taken

NES)/ NO

DISCUSSION / COMMENTS:

Observed by:

Observed by:

O:\Technical Services\Projects\_7009 Project Next!

GEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls




Maersk Damascus

\

|

/
/

25

2
1.5 -
1

0.5 +

Maersk Damascus

W

£

"UIE

[

A4

[A 272

u\’uu i

U

L

R WPVUNN EPRPYCY VA VL TLYA /\N\J\ nﬂr\ A AL A

bad

~
VV"'V"V v

fat

-

0.5

0.4

0.3 -

0.2

-0.3 1

0.4
0.5




PORT

Site Observation Form OTAGO
Physical Environment Data Vessel Data
‘,.-_‘—"' 7§ NN .
LOCATION: “le. Kauana - obs [NaME:  {VIDC  Kiwws N obs
DATE: 2;{/ 2 ij 09 ~ obs |TRAVEL DIR. ARR {_DEP obs
TIME START: 1% 3¢ obs |DRAFT: 2-3C _POL
TIME END: 12:45 obs |TONNAGE: 14367 POL
WEATHER: Sunny [ cloudls _obs |LENGTH )98- 14 POL |
WIND: hij'ew.i - wmodevate. NE obs / POL|SPEED: E2 kN _POL
WAVE: L COvmn i obs / POL|TIDE HGT: POL
TIDE STATE: T loediv 19 POL
Measured Wake Data
Time of vessel pass i1:53 hh:mm:sec|Maximum Height |Sc¢ mm
Bow Past Fixed Point C sec |Estimate of draw down distance OS5, m
Stern Past Fixed Point 17 sec |Estimate of max travel up beach <5 m
Time of 1st Wake Wave 2:43 mm:sec|Duration of event ' T ANAS sec
Height of 1st Wake Wave 12  mm|Time for Wave to Reach Shore 2 H3 wyinS __sec
Time of Last Wake Wave 64T mm:sec

Observed Wake Data

Change in wave period
Change in approach angle
Does the wake create sand in motion

Does the wake reach the base of the dunes

Does the wake cause any noticeable dune erosion

Photos taken
Video taken

- Comments
/ YES / NO
(YES/ NO
¥es /o
YES //NO_

~ YES /(NO |

- /YES //NO

DISCUSSION / COMMENTS:

Observed by:

Observed by:

O\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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PORT

Site Observation Form OracQ
= = .
Physical Environment Data Vessel Data
LOCATION:  Te  Raucne obs |NAME: P@Meﬂrc}'\cﬁ obs
DATE: 'ZOfﬁ/cm obs |TRAVEL DIR. (ARR/ DEP obs
/ (
TIME START: (246 obs |DRAFT: 740 POL
TIME END: (2:45 obs |[TONNAGE: S0%49S POL
WEATHER: Sunny  wofelouds obs |LENGTH (820 POL
W >UNAY / A _ |
WIND: licht NE - medovade obs / POL|SPEED: i kew POL
WAVE: [OOWA 1A obs / POL|TIDE HGT: (-2% POL
TIDE STATE: POL
Measured Wake Data
| Time of vessel pass (2129 hh:mm:sec|Maximum Height 220 mm
Bow Past Fixed Point O sec |Estimate of draw down distance m
Stern Past Fixed Point 32 sec |Estimate of max travel up beach -5 m
Time of 1st Wake Wave 2:40 mm:sec|Duration of event 7730 sec |
|Height of 1st Wake Wave 200 mm |Time for Wave to Reach Shore 2:ko sec
Time of Last Wake Wave T:30 mm:sec

Observed Wake Data

Comments

Change in wave period

é{é}/ NO

|Change in approach angle

YES /(NO’

wind boat =awe % waviev

Does the wake create sand in motion

(YESJ NO

Does the wake reach the base of the dunes

YES /N0

close +o uno\czv‘_jv‘;u)“i'h

Does the wake cause any noticeable dune erosion

|Photos taken

YES /?02
YES /(NOQ/

|Video taken

¥ES’/ NO

DISCUSSION / COMMENTS:

Observed by:

Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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PORT

Site Observation Form S Tl
e -
= == =

Physical Environment Data Vessel Data

LocaTion: To Rauone obs [NaME:  Amattal  Atlawtis obs

DATE: Q_i%f‘afu‘i obs |TRAVEL DIR. /ARR / DEP obs

— N .

TIME START: A4:20 obs |DRAFT: *l 35— POL

TIME END: obs |TONNAGE: 1255 POL

WEATHER:  Sunnc obs [LENGTH 55:55 POL

WIND: ¢eas (.u\cx\)lq \\jirﬂ obs / POL|SPEED: 23 kN POL

WAVE: 10O M~ obs / POL|TIDE HGT: |73 POL

TIDE STATE: ) POL
Measured Wake Data

Time of vessel pass A32 hh:mm:sec|Maximum Height 200 mm

Bow Past Fixed Point o sec |Estimate of draw down distance ~ © m

Stern Past Fixed Point 3 sec |Estimate of max travel up beach <3 m

Time of 1st Wake Wave I-30 mm:sec|Duration of event 5:05 sec

Height of 1st Wake Wave iISo mm|Time for Wave to Reach Shore 1130 sec

Time of Last Wake Wave 5:05 mm:sec

Observed Walke Data

Change in wave period

Comments

Change in approach angle

Does the wake create sand in motion

(YESY NO

YES /(NO

Does the wake reach the base of the dunes

CYES / NO

Does the wake cause any noticeable dune erosion

Photos taken
Video taken

YES /(NO
~ YES /NO)

Ru\df\acﬁ L,\v\cﬂo.u?vow h‘\ bud
“th ﬂ?ﬂdq ‘iweve.

Loas

YES £NO)

YES ANJ|

lens ceoauldatd opess

DISCUSSION / COMMENTS:

l."’v <_:=f1».2,:u \\[
J

Observed by:

Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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Site Observation Form

PORT
OTAGO

LIMITED

= =

= = =

Physical Environment Data

Vessel Data

LocaTION: e, Rawone obs [NAME: Towsnsenal Cyawawsel) obs |
DATE: JEIER obs |TRAVEL DIR. (ARR J DEP obs
TIME START: ! obs |DRAFT: 400 POL
TIME END: obs |TONNAGE: 309 POL
| WEATHER: Oveveast obs |LENGTH A3 46 POL
WIND: lrght obs / POL|SPEED: T-okN POL
WAVE: (06w obs / POL|TIDE HGT: 064 POL
B TIDE STATE: load ing POL
Measured Wake Data
Time of vessel pass 1:00 hh:mm:sec|Maximum Height (S0 mm
Bow Past Fixed Point sec |Estimate of draw down distance m
|Stern Past Fixed Point sec |Estimate of max travel up beach -2 m
Time of 1st Wake Wave I:33 mm:sec|Duration of event Sz sec |
Height of 1st Wake Wave [ % () mm|Time for Wave to Reach Shore |- 20 sec
mm:sec

Time of Last Wake Wave

Observed Wake Data

Comments

Change in wave period

|Change in approach angle

YES / NO

Does the wake create sand in motion

YES / MO

Does the wake reach the base of the dunes

¥E5 /o

Does the wake cause any noticeable dune erosion

YES /MO

|Photos taken

YES / @0)

Video taken

vES /o)

DISCUSSION / COMMENTS:

Observed by:

Observed by:

0O:\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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Site Observation Form OTAcQ
& = -
= = =

Physical Environment Data Vessel Data

LocaTioN: 1o Rauona obs |NAME: VQ3 a Gotland ~ obs

DATE: 7/a[ o9 obs |TRAVEL DIR. (ARR ') DEP obs

il — -

TIME START: | o=60 obs |DRAFT: 760 POL

TIME END: l0: 29 obs |[TONNAGE: 3204 _POL |

WEATHER: Ovev cast obs |LENGTH I40-3 POL

WIND: N one —vavy [itHe obs / POL|SPEED: (0-9 POL

WAVE: Tiny \/'.-P(;l)u obs / POL|TIDE HGT: 022 . poL

J
TIDE STATE: POL
Measured Wake Data

Time of vessel pass (020 hh:mm:sec|Maximum Height oo mm

Bow Past Fixed Point O sec |Estimate of draw down distance O m

Stern Past Fixed Point 25 sec |Estimate of max travel up beach A m

Time of 1st Wake Wave 30 mm:sec|Duration of event 720 sec

Height of 1st Wake Wave [e]e) mm |Time for Wave to Reach Shore 5 sec

Time of Last Wake Wave 1720 mm:sec

Observed Wake Data

Change in wave period

(YES)/ NO

Comments

Change in approach angle

Does the wake create sand in motion

YES ANO

(YES ¥ NO

Does the wake reach the base of the dunes

Does the wake cause any noticeable dune erosion

YES

Wind a_m( boat Same (vvae
very (WtHe

=

Photos taken

YEs (R0)

YES /(NO)

Video taken

YES /(NO)

Cawvevea

DISCUSSION / COMMENTS:

Observed by:

Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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Site Observation Form

PORT
OTAGO

Physical Environment Data Vessel Data
LocaTioN: (e Raucne obs [NAME:  Towonsenel  Cveouwsell obs
DATE: T[4 fc;ci obs |TRAVEL DIR. ARR /®EP O obs
TIME START: ' 1030 obs |DRAFT: 4- 00 POL
TIME END: i:so obs |TONNAGE: 309 POL
\WEATHER: Ovevcasy obs |LENGTH 4346 POL
WIND: lehd Ene obs / POL|SPEED: 71 kN POL
WAVE: 5;;141“ SO rmaua obs / POL|TIDE HGT: ©O-3L POL
i TIDE STATE: POL
Measured Wake Data

Time of vessel pass {44 hh:mm:sec|Maximum Height (oo mm|
Bow Past Fixed Point 0 sec |Estimate of draw down distance O m
|Stern Past Fixed Point i sec |Estimate of max travel up beach 5m vihiat m
Time of 1st Wake Wave |:30 mm:sec|Duration of event 4:.50 sec
Height of 1st Wake Wave 00 mm|Time for Wave to Reach Shore 30 sec
Time of Last Wake Wave 4:%0 mm:sec

Observed Wake Data

Comments

Change in wave period

(YES)/ NO

"C;KS'{E,V

Change in approach angle

Does the wake create sand in motion

(Y{ié_zl NO
ES / NO

veuy litH e

Does the wake reach the base of the dunes

YES /(NO

YES /(NO)

Does the wake cause any noticeable dune erosion

Photos taken

YES /@O

Video taken

YES / NG

é“\ wileva, B NG h_@._u“\

DISCUSSION / COMMENTS:

Observed by:

Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Cbservation Form.xls
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Site Observation Form

PORT
OTAGO

o <

Physical Environment Data Vessel Data
LOCATION: Te Rawc N obs |NAME: Maevs ik Quo{ fovel obs
DATE: IHLQI 09 obs |TRAVEL DIR. (ARR)/ DEP obs
TIME START: [0 0 obs |DRAFT: 710 POL
TIME END: il:30 obs [TONNAGE: 122149 - POL |
WEATHER: QOuevecast obs |LENGTH \“o-3 POL
WIND: hight €& “obs / POL|SPEED: DO . POL
WAVE: %JMCJ\ TO0man obs / POL|TIDE HGT: 496 POL |
| TIDE STATE: POL
Measured Wake Data
Time of vessel pass 122 hh:mm:sec|Maximum Height 200 mm
Bow Past Fixed Point o sec |Estimate of draw down distance = m
|Stern Past Fixed Point 34 sec |Estimate of max travel up beach | m
Time of 1st Wake Wave 2:30 mm:sec|Duration of event _é_! 4o sec
Height of 1st Wake Wave ISo mm|Time for Wave to Reach Shore ~ 2'32 sec
Time of Last Wake Wave Eue mm:sec )

Observed Wake Data

Commenis

Change in wave period

Q:x% ’wﬁ y

CYES)/ NO

Change in approach angle

/ NO

Does the wake create sand in motion

NESY/ NO

Does the wake reach the base of the dunes

YES /Cf:é)

Does the wake cause any noticeable dune erosion

YES //NO)

Photos taken

YES / NO

Video taken

YES /M0 ) Brcken Cameve
~—~

DISCUSSION / COMMENTS:

Observed by:

Observed by:

O:\Technical Services\Projects\ 7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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PORT

Site Observation Form OTAGO
= = =
Physical Environment Data Vessel Data
LocaTioN:  Te Raucne obs [NAME:  (Waews k Dwfﬂ'&ld‘ obs
DATE: 2s/a loﬁ obs |TRAVEL DIR. ARR)/ DEP obs
| . _ODS |
TIME START: 130 obs [DRAFT: lo- 8o POL
TIME END: 2SS obs |TONNAGE: S3 7Y POL
WEATHER: Ovevcast obs [LENGTH 268 POL
winD:  Modevete  NW obs / POL|SPEED: lo:2 POL
WAVE: (S0 obs / POL|TIDE HGT: O 43 POL
TIDE STATE: , POL.
Measured Wake Data
Time of vessel pass 2:02 hh:mm:sec|Maximum Height 220 _ mm
Bow Past Fixed Point Y sec |Estimate of draw down distance L m
Stern Past Fixed Point Si , sec |Estimate of max travel up beach 3 -m
Time of 1st Wake Wave 30 mm:sec|Duration of event 720 sec
Height of 1st Wake Wave 3_(‘)(’.‘) mm |Time for Wave to Reach Shore 3o sec
Time of Last Wake Wave A mm:sec :

Observed Wake Data

Comments

(YES ) NO i

Change in wave period

Change in approach angle

Does the wake create sand in motion

YES / 0] Some Gucy tey

Does the wake reach the base of the dunes

¥ES)/No|

YES / 0)

Does the wake cause any noticeable dune erosion

YES / NO

Photos taken

Video taken

ES// NO

DISCUSSION / COMMENTS:

Observed by:

Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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PORT

Site Observation Form qann
= == =
Physical Environment Data Vessel Data
LOCATION: (e Rauvone  obs |[NAME: “lovee obs |
DATE: 22]a]ea obs [TRAVEL DIR. ARR /(DEP ) obs
TIME START: 9:45 obs |DRAFT: & 4o POL
TIME END: [1:00 obs [TONNAGE: 37069 , POL
\weaTHER:  Dveveast [ intevmu fent van  obs [LENGTH 162 POL
|

WIND: light § obs / POL|SPEED: -3 kN POL
WAVE: an(ﬁjl obs / POL|TIDE HGT: ) 62 POL
B TIDE STATE: POL

Measured Wake Data

Time of vessel pass lo: 42 hh:mm:sec|Maximum Height Is6 mm
Bow Past Fixed Point O sec |Estimate of draw down distance l m
Stern Past Fixed Point 24 sec |Estimate of max travel up beach | - m|
Time of 1st Wake Wave 2:4¢0 mm:sec|Duration of event & o4 sec |
Height of 1st Wake Wave SO mm |Time for Wave to Reach Shore 2% © sec
[ Time of Last Wake Wave GloY mm:sec

Observed Wake Data

Comments
|Change in wave period @ NO
(Change in approach angle @/ NO ]
Does the wake create sand in motion @/ NO
Does the wake reach the base of the dunes Q’E-é\ Y NO Stavted «f kadea,vcivo;/»?_fhf\
(Does the wake cause any noticeable dune erosion YES /g/N/T)) -
|Photos taken YES /@6:‘ |
Video taken ( YE‘S,/‘ NO

DISCUSSION / COMMENTS:

Observed by: Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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Site Observation Form

PORT
OTAGO

= == =

Physical Environment Data

Vessel Data

Does the wake cause any noticeable dune erosion

YES /(NO)

LocATION: Te Rewone obs [INAME:  Maevsk Duwafave obs
DATE: jfiofo9 obs |TRAVEL DIR. CARR)/ DEP obs
TIME START: ' oo obs |DRAFT: [I*3© POL
TIME END: 135 obs |TONNAGE: 53452 POL
WEATHER:  Sunny, Paltchy clouds  obs |LENGTH 26% POL |
[WIND: Irﬁm {gm obs / POL|SPEED: -4 POL
WAVE: S50manv obs / POL|TIDE HGT: 177 POL
TIDE STATE: POL

Measured Wake Data
Time of vessel pass (: 26 hh:mm:sec|Maximum Height 3‘5 O mm
Bow Past Fixed Point o sec |Estimate of draw down distance l m
|Stern Past Fixed Point S¢ sec |Estimate of max travel up beach ) m
Time of 1st Wake Wave PAY mm:sec|Duration of event 744 sec
Height of 1st Wake Wave oo mm|Time for Wave to Reach Shore ~ 2%15 sec |
Time of Last Wake Wave T:44 mm:sec

Observed Wake Data

Comments

Change in wave period (ﬁ-:g)/ NO
Change in approach angle YES //NO)
Does the wake create sand in motion E 7/ NO
Does the wake reach the base of the dunes E%Eﬁyl NO Stavted «t LKV\C(QV’S;VGW'“X

|Photos taken

YES /(NO)|

Video taken

(f_E/s)/ NO

DISCUSSION / COMMENTS:

Observed by:

Observed by:

O:\Technical Services\Projects\_7008 Project NextGEN\b_Marine Shiphandling Towage'Vessel Wake\Wake Observation Form.xls
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PORT

Site Observation Form OTAGQO

® = < -

= = =

Physical Environment Data Vessel Data
LOCATION: Te Rauocne obs [NAME: Muaevsk Radfo el obs
DATE: I m/ o9 obs |TRAVEL DIR. (ARR'/ DEP obs
TIME START: 302 obs |DRAFT: Ta0o POL
TIME END: 320 obs |TONNAGE: 13219 B POL
WEATHER: Sunm vy obs [LENGTH 9403 POL |
WIND: |_1jiﬂ-4 AN obs / POL|SPEED: 10-5 POL
WAVE: Smnall  Sowawa  obs / POL|TIDE HGT: I-36 POL
TIDE STATE: POL
Measured Wake Data

Time of vessel pass 30 hh:mm:sec|Maximum Height 1So mm
Bow Past Fixed Point & sec |Estimate of draw down distance | m
|Stern Past Fixed Point 25 sec |Estimate of max travel up beach ©-S m
Time of 1st Wake Wave 2:95 mm:sec|Duration of event &t 29 sec
Height of 1st Wake Wave | 0O mm [Time for Wave to Reach Shore ~ 2'55 sec
Time of Last Wake Wave 6129 mm:sec

Observed Wake Data

Does the wake cause any noticeable dune erosion

Photos taken

Comments
Change in wave period ﬁ_'s“) NO ] |
Change in approach angle YESf/ﬁ% eoc&/ Wid  Same Quavted]
Does the wake create sand in motion @/ NO
Does the wake reach the base of the dunes YES /@ Stavted of L{V\cigvgv’cﬂj"b_

=i
YES A NO

Video taken

(@){ NO

DISCUSSION / COMMENTS:

heel

! loak b\k‘,%@_v Ko

Waowves ot =tavk
medivun _ =ized ach+
o h\ cly

iu‘s'r Jome
g‘g@ucgﬂ}f maacl e V\Aoue_ wahe thaw “"Hr\(i 400,

SC’ g A

l!’)‘r_t_tau\s 154 =
clucled

b\.,; (pi'mlo lv\duc(u/

Observed by:

Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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PORT

Site Observation Form OTAGO
= = =
Physical Environment Data Vessel Data
LocaTioN: Te  Rauone obs [NAME:  Maevsk Denton obs
DATE: ‘3/i oo obs |TRAVEL DIR. (ARR J DEP obs
| ,

TIME START: 4:0\ obs |DRAFT: 062 POL
TIME END: obs |TONNAGE: 53101 POL
WEATHER: Ovevcast obs |[LENGTH 26% POL
WIND: ligh 4 L) obs / POL|SPEED: Nl kN POL
- J =
WAVE: =raall  DOnAna obs / POL|TIDE HGT: l-1o POL

TIDE STATE: POL

Measured Wake Data

Time of vessel pass 41y hh:mm:sec|Maximum Height Soo mm
Bow Past Fixed Point o sec |Estimate of draw down distance 2 m
Stern Past Fixed Point 47 sec |Estimate of max travel up beach 45 m
ITime of 1st Wake Wave 2:1% mm:sec|Duration of event A4 sec
Height of 1st Wake Wave Iso mm|Time for Wave to Reach Shore 2:1% sec
Time of Last Wake Wave 4:24 mm:sec B

Observed Wake Data

Comments

Change in wave period

CVES) NO

Change in approach angle

[Does the wake create sand in motion

ESY NO ]
@Z NO

Does the wake reach the base of the dunes

NESY NO

Does the wake cause any noticeable dune erosion

YES /0 |

Photos taken

Video taken

. @Es/No

YES /(NO)

DISCUSSION / COMMENTS:

Observed by:

Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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Site Observation Form

PORT
OTAGO

LIMITED

-_—

Physical Environment Data Vessel Data
LOCATION: Je. Fauone obs |NAME: Milbuvn Cavriev 1L obs
DATE: “liofos obs [TRAVEL DIR. ARR / GEP > obs
TIME START: - Ans obs |DRAFT: 530 POL |
TIME END: q9:35 obs |TONNAGE: 5465 POL
WEATHER: vevy cloudy obs [LENGTH iz« POL
WIND: lrqht th.o obs / POL|SPEED: s _POL |
WAVE: Vsmall | Sonw obs / POL|TIDE HGT: I's2 POL
TIDE STATE: POL
Measured Wake Data
Time of vessel pass 94123 hh:mm:sec|Maximum Height ISo mm
Bow Past Fixed Point = sec |Estimate of draw down distance i B m
Stern Past Fixed Point 1< sec |Estimate of max travel up beach I Bul
Time of 1st Wake Wave 24T mm:sec|Duration of event &'50 sec
Height of 1st Wake Wave T0O v mm|Time for Wave to Reach Shore ~ Z:1 2 sec
Time of Last Wake Wave &30 mm:sec )

Observed Wake Data

Comments

Change in wave period

(YES’/ NO

Change in approach angle

Does the wake create sand in motion

(YES) NO )

NES)/ NO

Does the wake reach the base of the dunes

Does the wake cause any noticeable dune erosion

YES /éo?

|Photos taken

YES /_%_
YES /

Video taken

DISCUSSION / COMMENTS:

Observed by:

Observed by:

O:\Technical Services\Projects\ 7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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PORT

Site Observation Form OTAGO
Physical Environment Data Vessel Data
Location: Te Rauwgng obs [NAME:  Rehuq obs
[DATE: illwloq obs |[TRAVEL DIR. @/ DEP obs |
lg.. FEO }
TIME START: ' 1:00 obs |DRAFT: 7-io POL
TIME END: 9:20 obs [TONNAGE: 2433 _POL
(WEATHER:  Sunny  W/[clowels obs |LENGTH 6o 71 POL |
J
winD: i b - neie obs / POL|SPEED: 131 kN POL
[WAVE: amall  70mun obs / POL|TIDE HGT: |84 POL |
TIDE STATE: POL |
Measured Wake Data
Time of vessel pass 9:08 hh:mm:sec|Maximum Height (20 mm|
|Bow Past Fixed Point 0 sec |Estimate of draw down distance | m|
Stern Past Fixed Point 9 sec |Estimate of max travel up beach 2-5 m
Time of 1st Wake Wave i+21 mm:sec|Duration of event 7:3¢ sec |
[Height of 1st Wake Wave /0 mm|Time for Wave to Reach Shore  [: 271 sec
Time of Last Wake Wave ~ 7:3¢ mm:sec
Observed Wake Data
I Comments
|Change in wave period YES)/ NO
Change in approach angle YES /gﬁo)
Does the wake create sand in motion @/ NO 7 O
\Does the wake reach the base of the dunes ngS}/ NO Sty ted a\'{ AW gjc.,-_!r.jvr M,.‘Hq R
IDoes the wake cause any noticeable dune erosion YES
Photos taken YES /NO)
Video taken (ﬁg\/ NO ]

DISCUSSION / COMMENTS:

Observed by:

Observed by:

O:\Technical Services\Projects\ 7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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PORT

Site Observation Form OTAGQ
® & = -
e = =
Physical Environment Data Vessel Data
LocATION: Je Racone obs [NAME:  Vlae vch Fuhuo!aq B obs
DATE: i3] 1olm _ ~ obs |TRAVEL DIR. ARR /MDEP)  obs
TIME START: 4 fD obs |DRAFT: 730 , POL
TIME END: obs |TONNAGE: NgI5 POL
WEATHER: C’)Lm."u,’ /C[oucfs obs |LENGTH 135 POL
WIND: "\On e obs / POL|SPEED: -3 POL
WAVE: 50 -(00mwm obs / POL|TIDE HGT: 044 - POL
) ) TIDE STATE: _ POL

Measured Wake Data

Time of vessel pass 5100 hh:mm:sec|Maximum Height s mm
Bow Past Fixed Point O sec |Estimate of draw down distance 5 m
|Stern Past Fixed Point 24 sec |Estimate of max travel up beach ~ 2°3 m
Time of 1st Wake Wave SOsec mm:sec|Duration of event 6:00 sec |
Height of 1st Wake Wave 00-120 mm |Time for Wave to Reach Shore 58 sec
Time of Last Wake Wave 6200 mm:sec )

Observed Wake Data

o Comments
Change in wave period YES ./ NO
|Change in approach angle B ES// NO ) B
Does the wake create sand in motion (VPE-E‘_:/ NO
Does the wake reach the base of the dunes YES /(NO)|
Does the wake cause any noticeable dune erosion YES / @ ] -
Photos taken YES / m‘j\ B
Video taken _ QEQ/ NO .

DISCUSSION / COMMENTS:

tavd b foll when wale n(hm[(y stopaed  @f walke wag veau S
Qlf\d c‘lid vtcf l/\d_\r(’. a 1ﬂeuqbd4aifg¢vL f‘b \/ﬁﬁulau wocv e,

Observed by: Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\\Wake Observation Form.xls
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Site Observation Form

PORT
—_— OTAGO

) ===

Physical Environment Data

Vessel Data

LOCATION: ~Ti= ~RRALS G obs [NAME:  <earA=serl R T0R ops
DATE: Vo —\— 2% obs |TRAVEL DIR. @@ DEP ~obs |
TIME START: Vs obs |DRAFT: B .HO POL
TIME END: Al obs |[TONNAGE: UEROS  TovaT POL
WEATHER: St [ esrs— e obs |LENGTH b e POL
WIND:  C\eaT S oS> S C 0bsy/POL|SPEED: L el POL
WAVE: 5= —\T= me bsYPOL|TIDE HGT: 2\ POL
TIDE STATE: Hacas, - 6% POL
Measured Wake Data
Time of vessel pass  \="<= hh:mm:sec|Maximum Height == mm
Bow Past Fixed Point = sec |Estimate of draw down distance ' m
Stern Past Fixed Point  “t = sec |Estimate of max travel up beach 2 m
Time of 1st Wake Wave ' =\ mm:sec|Duration of event BIS sec
Height of 1st Wake Wave ‘&= ~~-~ mm|Time for Wave to Reach Shore | * =\ sec
Time of Last Wake Wave "S5\ mm:sec

Observed Wake Data

Change in wave period

Comments

YES 7 NO

Change in approach angle

YES>/ NO

Does the wake create sand in motion

Does the wake reach the base of the dunes

YESY NO

¥ESY NO | =vrscex &x ‘SRocgosawy

Does the wake cause any noticeable dune erosion

YES /NO)|

Photos taken
Video taken

YES ANO )}

YESY NO

DISCUSSION / COMMENTS:

Observed by: €CRASSER = < hAyr&@sorl

Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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Site Observation Form

PORT
A== OTAGQ
\& | e

Physical Environment Data Vessel Data
LOCATION: ~ o=~ RasosSec obs [NAME:  SMaskRsoe. TDagMssOAS,  obs
DATE: Ko — A~ obs |TRAVEL DIR. ARR f DEP obs
TIME START: e obs [DRAFT: 23S POL
TIME END: i obs [TONNAGE: SES ©wrr POL
WEATHER: <sarar~¢ i/ coss~S  obs |LENGTH 22 POL
WIND: CLleawt S ‘obs)/-POL|SPEED: B\l e POL
WAVE: = AALL RS obs / POL|TIDE HGT: .\ POL
~ |TIDE STATE: WA, — S AR _POL
Measured Wake Data
Time of vessel pass vy Sy hh:mm:sec|Maximum Height 20 mm
|Bow Past Fixed Point s sec |Estimate of draw down distance %S =3 m
Stern Past Fixed Point oM sec |Estimate of max travel up beach p i ge ¥ m
Time of 1st Wake Wave \: %% mm:sec|Duration of event \2 s sec
Height of 1st Wake Wave il mm |Time for Wave to Reach Shore L vy sec
Time of Last Wake Wave s mm:sec )

Observed Wake Data

) Comments - ]
Change in wave period <YESY NO .
Change in approach angle YES /@
|Does the wake create sand in motion / NO B .
Does the wake reach the base of the dunes JES/ NO | =sarse®d AT orlbRRe e ssngwd
Does the wake cause any noticeable dune erosion YES / NO |
Photos taken B YES [ NO -
Video taken @/ NO

DISCUSSION / COMMENTS:

l\{&!\l ML nARES WA TRARSED (T WA, MARD TS TR WIlETVe R
WANESE, WAD NEREATSEDS, W SR (s | BN NStes WD TeaeaD
AP) SR\ ST vAn MOSST TTHES T S TTURE wANS L TRssAlsse
L. TS TDOARAITES O TRAR. SENESTT S ARy Lain (S TERSER] AN

Lo AR 9 MRS

Observed by: SRAISR. <Aros—Fr| Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xis
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Site Observation Form

PORT
OTACQ

Physical Environment Data Vessel Data
LOCATION: e, Rauesae obs NAME:  Vega Gollowd obs
DATE: 14[iofox obs [TRAVELDIR. ~ _ CARRY DEP obs
TIME START: _ obs |DRAFT: 70
TIME END: L ~obs |[TONNAGE: 12804
WEATHER:  Ovevcast, Dvizzle  obs [LENGTH (4G
winD: Mod  WW ,  obs / POL|SPEED: BT el
WAVE: Small  SOmwa obs / POL|{TIDE HGT: ©25
|TIDE STATE:

Measured Wake Data
Time of vessel pass 05 hh:mm:sec|Maximum Height oo - mm
Bow Past Fixed Point o sec |Estimate of draw down distance L m
Stern Past Fixed Point 23 sec |Estimate of max travel up beach 40 m
Time of 1st Wake Wave ) mm:sec|Duration of event ATAS - sec
Height of 1st Wake Wave ] _ ~ mm|Time for Wave to Reach Shore sec
Time of Last Wake Wave T2k mm:sec

Observed Wake Data

Change in wave period
Change in approach angle

Does the wake create sand in motion

Does the wake reach the base of the dunes

Does the wake cause any noticeable dune erosion

Photos taken
Video taken

 YES / €G>

Comments

&S NO

&
Qes’/ No |
YES /(NQ
YES / @)

(JESY No

DISCUSSION / COMMENTS:

Observed by:

Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN:_Marine Shiphandling Towage\Wessel Wake\Wake Observation Form.xis
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Site Observation Form

PORT

OTAGQ
& ==

Physical Environment Data Vessel Data
LOCATION: ~ ‘== ~ A S~E= obs [NAME: <= Asssrl  NO@ TR obs
DATE: LS — (S —re obs |TRAVEL DIR. ~ ARR (DEP) obs
TIME START; \S 1S =nn obs |DRAFT: kil POL
TIME END: obs |TONNAGE: LELSE,  owIT POL
WEATHER: SNEReASS /SRAZRSS ops [LENGTH LS POL
WIND: MASTS . N, (obsy POL|SPEED: 95 wNSTy POL
WAVE: 2SS ~ Srm  CsAns ) (0b3Y POL|TIDE HGT: S22 POL
TIDESTATE:  US™  SussSy (ssvAeX) pol

Measured Wake Data

Time of vessel pass ven s hh:mm:sec|Maximum Height = mm
Bow Past Fixed Point &= sec |Estimate of draw down distance ~ /A ~m
Stern Past Fixed Point <= B sec |Estimate of max travel up beach He=HES i
Time of 1st Wake Wave = mm:sec|Duration of event Ve sec
Height of 1st Wake Wave ‘<= mm|Time for Wave to Reach Shore =i sec
Time of Last Wake Wave ‘! "'*7?"7 mm:sec

Observed Wake Data

Change in wave period

Comments

YES’/ NO

Change in approach angle

YES)/ NO

Does the wake create sand in motion

Does the wake reach the base of the dunes

YES)/ NO

YES

Does the wake cause any noticeable dune erosion

YES £NO)

Photos taken
Video taken

YES /(NO)

(YESY NO

DISCUSSION / COMMENTS:

P T o T e, o ¥ (N —t\‘% - sy

WESAT WTT WMARIeRR

WAMES AT NSRS TREeSese

Observed by: © . SA~rAs=s|

Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xls
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Site Observation Form

&

PORT
OTAGO

”I,

Physical Environment Data Vessel Data
LOCATION: ~Ta&= Rasess obs |NAME: DS SARDA obs
DATE: ol et Sl 3 obs |TRAVEL DIR. ARR /(DEP) obs
TIME START: obs |DRAFT: o PR A POL
TIME END: obs |[TONNAGE: LIS POL
WEATHER: S~=sass/~weszs=  gps [LENGTH 224 .= POL
WIND: MsSS, N (obsY-POL|SPEED: DD e, POL
WAVE: = - Cobs J-POL|TIDE HGT: -0 POL
| TIDE STATE: A = R, POL
Measured Wake Data

Time of vessel pass =2 hh:mm:sec{Maximum Helght == mm
Bow Past Fixed Point = sec |Estimate of draw down distance - m
Stern Past Fixed Point o 5. sec |Estimate of max travel up beach == — %~ m|
Time of 1st Wake Wave = mm:sec|Duration of event 4D sec
Height of 1st Wake Wave mm |Time for Wave to Reach Shore sec
Time of Last Wake Wave P mm:sec

Observed Wake Data

Comments

Change in wave period

Change in approach angle

YES)/ NO

Does the wake create sand in motion

YESY NO

JES)/ NO

Does the wake reach the base of the dunes

YES /(NO>

Does the wake cause any noticeable dune erosion

Photos taken

Video taken

YEs ANO)

YES / ©O)

ES / NO

DISCUSSION / COMMENTS:

“AARRwER |

TR e TSR saheEs  ARRANED  RESCRES REATN @'y WK

SRSl DR TR wANES RS UL e e e T

TVASSETS

Observed by:

. ArAERSSY .

Observed by:

O:\Technical Services\Projects\_7009 Project NextGEN\b_Marine Shiphandling Towage\Vessel Wake\Wake Observation Form.xIs
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