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ANNEX A Event Trees
1. Event trees were used to determine the most likely and worst credible impacts of

defined unwanted navigation events. For consistency and commonality acroSsuitieWest
Pacific hydrographic risk assessment atha,event trees in this Annex are basetutbe generic
event trees in the Risk Assessment Methodotagydthose used in the Cook Islaridmnd
Tongd and Niué.

2. Samoa has substantidbmestictraffic due to the frequent intesisland

passenger/vehicle ferry service from Mulifanua to Salelolg regulaicargdfuel journeys

from Apia to Salelologa. This category represents the highest likelihood of incident due to the
frequency of passages and the constrained navigation at the terminal ports.

3. Recreationalvesselgpresent a different type ofisk in that his class of vessia more
likely to navigate into poorly charted waters in remote areas and therefore do present a risk,
though consequence is limited to personnel casualtiéscordinglyan event tree that covers
the grounding of recreational vessels has bhégcluded

3. The event trees were used to confirm the veracity of the weightings of the risk
conseguence factors employen the overall risk calculations and to estimate consequnti
costs of incidents in the cost benefit analysis (described in Section 8 of the main report).

I (Marico Marine Report No. 156NZ322 Issue 03, 5 August 2015)

2 (Marico Marine Report No. 14NZ262MR Issue 02, 20 January 2015)

3 (Marico Marine ReporiNo. 14NZ262 TM, Issue 1, 27 November 2014)

4 (RNAPL16002NIUE Hydrographic Risk Assessment, 2016, p. Annex A)
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ANNEX A Event Trees

Marine Accident

Grounding Foundering Collision
i
| | | |
Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk SOLAS Passenger
)
I |
( ) 4 )
Most Likely Scenario
Worst Credible Scenaric
Vessel grounds at nigh
; or in bad weather on
Vessel breaks mooring weather side of island
and is washed ashore o|1 and breaks up
to reef.
. J . J
Most likely Worst Credible
consequence impact consequence impact
| |
| | | | | | | |
4 B 4 ) 4 ) 4 ) ( ) ( N 4 ] N\ 4 )
Property Stakeholder/Economic ST Economic/Stakeholder
Peopl i
eople Vessel suffers some Environment People P(_)35|ble_ loss of 100 Search and rescue
) litres diesel fuel.
hull and propellor Cost of repairs by Property Minor ohvsical efforts by Samoa.
damage. Can be Ve sl avetiesE boatowner. _ » ki 2% e Minor disruption to
refloated and q pt y fi _ _ _ Possibly 2 fatalities Vessel a total loss. debri % d alon: fishing. Diesel spill
. o repaired at Apia with (damage to reet in Minor local disruption and serious injury ebris Tield along insignificant but
Nil or minor injuries local and shipped B i ERemE ), igounisis and coast minor impact temporary disruption to
equipment Possible spillage of subsistence fishing. 0? f'Sh'r?g Clils tourism
100 litres diesel. oreshore.
. J L J L J . J . J . J . J
. J
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ANNEX AEvent Trees

Foundering Collision

[ | ]
SOLAS Liquid Bulk SOLAS Passenger

Recreational Vessel
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ANNEX A Event Trees

Marine Accident

Collision

Grounding Foundering

SOLAS Dry Cargo SOLAS Liquid Bulk SOLAS Passenger

I
I |
4 A

Most Likely Scenario

Recreational Vessel

\
Worst Credible Scenarig

Tanker grounds at high
speed on fringing reef
due cyclone, poor
weather/visibility or
navigation equipment
failure - no landfall light
exists. Salvage tug angl

Grounding at low speed]
Passing vessel suffers
loss of propulson and

drifts onto fringing reef
in standard weather

conditions. Salvage tug

required. international cleanup
effort required
\_ J
Most likely Worst Credible

consequence impact

consequence impact

RNA 20170916_C_V1.1

( ) ( ) 4 ) 4 ) ( ) ( ) 4 . . ) 4 )
3 nvironmen
Environment g
People Property Possible release of 5p Stakeholder/Economid] People Property b s GG Sesmere Sl EE
Vesse_l suffers ttgrr:r?g: ;'rggu?:?gpsilgc Serious hull and tonnes HFO and 500p Loss of national tourisn
sggségggﬁ !S?e?;fge Slow reponse as Tourism impacted if structural damage, t.lqﬂggg g(r)%?g (t:)té '?OC ((;);P ?e' ;aan:]zggffsao
rocky shore. Salvagf international support sites impacted, L VEGIIES SEVECE CIg exceeded. Massive stocks and breedin
anair | needed. Long term domestic subsistence Possibility of injuries drydocking or may bg : eding
L tow off to repair i gt o damage to reef, areas. Interruption to
No injuries - damage to reef, fishing impacted or fatalities a total loss. breeding arounds subsistence fishin
breeding grounds. and tom?rigt sites. >
\ J J _Subsistence fishing \ J \ J J J U y,
impacted and tourist
sites polluted
& J
A6
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Marine Accident

Grounding Foundering Collision
|
| | I |
Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk SOLAS Passenger
|
I I
4 ) 4 )
Most Likely Scenario
Worst Credible Scenarig
Vessel suffers structural
damage in cyclone. Tanker suffers serious
Outer hull cracked, structural damage in
tanks remain and slow cyclone. Hull and tankg
steam to nearest repair breached
port
\_ J \_ J
Most likely Worst Credible
consequence impact consequence impact
| |
| | | | | | | |
4 ) ( ) 4 ) 4 \ 4 ) ( ) 4 ) 4 )
Recple Property Economic/Stakeholde
People Proper i . L Envi t
p perty Environment Stakeholder/Economic Possibility of crew | nvironmen S —
Possibility of crew Vessel suffers storm Possible minor h'nél:%g'ég N dgrigozs gg?nc;:r;la Release of up to impacted by delay in
injury with shifting damage requiring release of Schedule delay in fue inhal¥ation Possible ro?/ioie ort of 2000 tonnes bulk fuel delivery
equipment or repair and replace off hydrocarbons delivery , however 60 loss of ”fé throuah Fr)efu e aFr)1d T hydrocarbons in delays. Any oil drifting
hydrocarbon lost or damaged through hull damage day reserves held shifting equ men% ac furthegr olution- offshore to Samoa may impact
inhalation equipment -50- 200 litres ' stru?:tu?al ?ailure ) chancg of total environment on tourism and local
progresses fishing
U J g J . J L J . J g J . J U J
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Marine Accident

Foundering

Collision

SOLAS Dry Cargo SOLAS Liquid Bulk SOLAS Passenger
I
I |

( Most Likely Scenario\ ( : \
Worst Credible Scenarig

Grounding

Recreational Vessel

Glancing collisiion in
open sea, with plate
indentation and some
splitting above the
waterline requiring in
water repairs

Cargo tanks not

T-bone collision.
Extensive damage to
both vessels above and
below waterline but
neither vessel sinks.

Cargo tank ruptured anc

possibility of
strrt?(f)ttjurgald ?outgctgon fire/explosion.
\_ P y, \_ y,
Most likely Worst Credible

consequence impact consequence impact

r N r N\ e _ ™\ e N\ ( ) é ) (" Environment )
Environment People Property

\
Economic/Stakeholder

People Property Stakeholder/Economic Possible loss of 300
tonnes HFO and 500p
tonnes product.

These could be

Loss of national tourisni
income, damage to
local reef and fish
stocks and breeding

Vessel suffers Nil impact to Samoa

damage requiring

Minor injuries

repairs alongside
slow transit to port
of repair

Some international
media interest

Serious injuries and
fatality. Possibility off
more casualties if
fire/explosion occurs

Both vessels require
repair in dry dock.
One vessel required]

tow to repair port

exceeded. Oil slick
could impact on
Samoa. Long term

damage to breeding

areas. Interruption to
subsistence fishing.
International media

interest

No pollution \ y \ y \ y \ grounds. ) \_

U J & J S y
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ANNEX A Event Trees

Foundering Collision

| | |
Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk
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Grounding

Collision

|
Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk
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ANNEX AEvent Trees

Foundering

Grounding

]
Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk

RNA 20170916_C_V1.1

A1l
B NEW ZEALAND MINISTRY OF
i FOREIGN AFFAIRS & TRADE
MANATO AORERE

&w, Land Information
New Zealand

Toita te whenua



{1 aHRRNRPINILIKAO wraal !adaasSaayvySyd
VA RURURURITRURURURURURVRURURIRURURURURURUAURURURURURIRRURURURURURURURURURURURURURURURURURURURURURURURURURURURURURURIRURTT VTN AT AT UV T U ATV AT SR AT RV USRSV ATV
ANNEX AEvent Trees

Foundering Collision

| |
Recreational Vessel SOLAS Dry Cargo

Domestic Passenger

RNA 20170916_C_V1.1

A12

B NEW ZEALAND MINISTRY OF
i FOREIGN AFFAIRS & TRADE

Land Information
MANATU AORERE New Zealand

Toita te whenua



{1 aHRRNRPINILIKAO wraal !adaasSaayvySyd
VA RURURURITRURURURURURVRURURIRURURURURURUAURURURURURIRRURURURURURURURURURURURURURURURURURURURURURURURURURURURURURURIRURTT VTN AT AT UV T U ATV AT SR AT RV USRSV ATV
ANNEX AEvent Trees

Grounding

Collision

Recreational Vessel SOLAS Dry Cargo

Domestic Passenger Vesgel

RNA 20170916_C_V1.1

B NEW ZEALAND MINISTRY OF
* FOREIGN AFFAIRS & TRADE
. MANATU AORERE

A-13

Land Information
New Zealand

Toita te whenua



{1 aHRRNRPINILIKAO wraal !adaasSaayvySyd
VA RURURURITRURURURURURVRURURIRURURURURURUAURURURURURIRRURURURURURURURURURURURURURURURURURURURURURURURURURURURURURURIRURTT VTN AT AT UV T U ATV AT SR AT RV USRSV ATV
ANNEX AEvent Trees

Grounding Foundering

| |
Recreational Vessel SOLAS Dry Cargo

Domestic Passenger Ferfy

RNA 20170916_C_V1.1

B NEW ZEALAND MINISTRY OF
* FOREIGN AFFAIRS & TRADE
. MANATU AORERE

A-14

Land Information
New Zealand

Toita te whenua



{l aHI@BRN2 IWI AKAICaaSaaySyi
AU RURU AR U R URU IR RURU U UR TR RC U AU RURURUR TR R U AU URU U R AU U RURURURURURURURURIRURURT

ANNEX BGIS Track Creation and Processing
1 Track Creatioh

1.1 Raw AIS data was acquired fradRBCOM for the contiguous 12 month period from
JawuarygDecember 2016. While this varies from theriods used for previous assessments of
Vanuatu,the Cook Islandg;onga andNiue, Januaryg March 2012; Julg October 2013; and
December 2018 January 201} the decision to update the source AIS data was made on the
following basis:

a. The AIS datadm the previous assessments had become out datedremidnger
reflected the current traffic patterns which had changed over recent years, particularly with
the increase in cruise shipping activity.

b. The AIS data from the previous assessments had gapise months of Aprig June
and November, which may have resulted in the exclusion of certain maritime activities that
may have occurred in these periods.

C. ORBCOM has addedditionalsatellites to its AIS network in recent years and was
now able to povide a contiguous dataset with a higher update rate and less gaps than
previously, thus providing a more comprehensive and reliable dataset.

d. The previous assessments showed that the substantial variations in volume of traffic
between national assessmemnand between differing regions within EEZs caused such a
GFENRFGA2Y 2F GKS FAYyFf Nanal OFfdzSa GKFIG GKS
FaaSaaySyid -RIpOKNEIE NRSAE (G ALSE 20 LINRPGARSR GKS Y
hydrographic planing.

1.2 The raw AIS data was received in KML format and was converted to ESRI shape file using
QGIS. The full dataset was processed for track information and subsequently, the area for risk
assessment was limited to the EEZ boundaries of Samoa and Tokelauidsgbyv
marineregions.org.The geographic boundaries of this dataseguired for usén the study of

Samoa and Tokelawmere:

Northern Boundary: nccnp Q {
Eastern Boundary: mMTcc o0onQ 2
Western Boundary: mTtcc nnQ 2
Southern Boundary: mcc wMp Q {

13 Shapefies were loaded into a PostgreSQL database for processing prior to line generation.
The MMSI attribution was converted from string format to integer, and the movement date field

5 The format of this Annex has been aligned asMarico Marine Report No. 12NZ246Issue 1, January
2013, D14, D23.The content has been updated for Samoa.
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ANNEX BGIS Track Creation and Processing

gra O2y@SNISR G2 | RIFEGS GAYS T2 NMg tinesh FhRtakileN y & F SN
wasthen exported as a FileGeoahase.

1.4 bh! ! Q& al NRYS / I°wasasddNBconvetthése AlS piAts ioSaN@twork
NELINBaSyliAy3a @SaasSt Y2@0SYSyida dusedspdified tfireshdtdS @S a a S
of a maximum distancef 1200hm andatime factor of 48 hourdetween a pair of points. These

factors were selected by trial and error to provide the best overall result.

15 In QGIS, a negpatial join was used to associate MMSI with IMO number, usingribiélary

xml dataset provided by ORBCOM, containing IMO vessel numbers and ship gross tonnage (GT). To
reduce the tracks to a more manageable dataset, PostgreSQL was used to create a new shapefile
where only tracks that intersectedith the Samoan EEZ veeused.Vessel attributessuch as type

andGT, were then attached to each vessel track frealvecking MMSI number against online

databases such as Marine Traffic and International Telecommunication (Jfildn

1.6 Figure 1belowshows vessel track lineseateddza A Y 3 Mahirle Cdddstre Track
Builder, such that each line conneatsliltiple points foran individual vessel. This plot shows thes
nature of tracksand some anomalies that would degrade the analysiparticular:

1 At the extremities of tk study area, vessel track lines did not reach the boundary of the EEZ.
The cause of this was that the track lines ended when the last transmission was received and
so it was possible that eight hours before a vessel reached the edge of the study area the
track would stop;

1 There were multiple vessels shown as transiting across land, these are more clearly shown in
Figure 2 These overland vessel tracks could not be simply discounted as this would skew
the analysis into suggesting that fewer vessels ttadsin areas of fine navigation and so
manual trackprocessing was required tdjust the track to its likely routegnd

1 There were multiple vessels shown as transiting across drying reefs, more clearly shown in
FHgure 2. These were commonly the resulreéfs being between AIS pings, therefore the
line generated gave the appearance of vessels transiting drying depths. As with vessels
transiting land these could not be discounted, particularly due to the large volume of
transits, and so manual track pros#sg was required.

b GA2ylFE hOSFYAO IyR !GY2ALKSNAO ! RYAYA&AUGNY GA2Y D aal
Management National Oceanic and Atmospheric Administration. 2016.
https://coast.noaa.gov/digitalcoast/tools/trackuilder (accessed May 13, 2016).
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ANNEX B GIS Track Creation and Processing

Raw Vessel Traffic

Legend

== Raw Traffic
== EEZ Outline

0 15 30 45 60 Nm N
Nautical Miles A

Scalei1:2,800,000

Data Source:
Satellte AIS (S-AIS) vessel track dataset recorded:
- December 2016
S-AIS source ORBCOM, augmented by IHS Global Pte Ltd
Charts NZ14629 and NZ86 NZ14629 supplied by Land
Zealand.

E customersupport@linz.govt.nz
Pacific Regional Navigational Initiative

Land Information
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Annex B- Figurel: Vessel tracks across the study area
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ANNEX B GIS Track Creation and Processing

Raw Vessel Traffic - Samoan
Islands
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Data Source:
Satellite AIS (S-AIS) vessel track dataset recorded: January
ember 2016

S-AIS source ORBCOM, augmented by THS Global Pte Ltd
Charts NZ14629 and NZ86 supplied by Land Information
New Zealand.

Coordinate System:
WGS 1964 UTM Zone 25

Produced By:
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Annex B- Figure2: Raw vessel tracks around Samoa

2 Track Processing

2.1 A number of techniques were used to improve the raw vessel traffic data for use in the
analysis of this study, these were:

1 Extrapolating track lines to the edge of the study area. This processing was based on visual
assessment assuming that those vesselar the limits of the study area that have a steady
track will maintain that track to theoundaryof the EEZ;

1 Al tracks thatcrossed land or drying reefs wemeanually routed around the coast along
their likely course based on:

U hdKSNJ EeBaxidus ih pafdicular the distance vessels of a similar size keep
offshore;

U Adjustments to conform to areas of high traffic density; and

U Logical pathing corrections, for example where a vessel goes straight through a
wharf, it now routes around it.
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ANNEX BGIS Track Creation and Processing

1 Usihg multiple database sources to correct errors in sourced dataset, including incorrectly

spelt vessel names, incorrect MMSI numbers, and the addiigaT values where not

provided,;
1 Utilisinginformation from data gathering visit to generate tracks for domefgtides and

fishing vessels not captured via A8aQ a0 YR Y2 RSttt SR @ f dzSa F2NJ
9 Assignation of GT to tracks with a GT of 0 to either a value set by other vesseldanfsize

and type, or on an agreed upon valuggically for recreational vessgls

3 Non AIS Domestic Traffic

3.1 The majority of domestic traffic is not fitted with AlS. It is made up of the-istend
domestic ferry and numerouwalia vessels of upo 12m in length

3.2 To account fothe ferriestheir route was tracked by GPS aib tracks were manually
entered in the model, one for theady Samoa l#t 40 transits per weelind the other for the

landing barge which operates in tandexn36 transits per weekThe GT entered for each track was
the calculated total GT for each vessel in a yeal 73,600 GT and 599,040 GT respectively.

3.3 To account for thalia, typical tracks for their operational areas were added based on the
number licenced to operate as fishing vessels from eachf paitawere given a nominal GT of one

and the tracks based on spending 120 days at sea per year in 3 day deployments and travelling at an
average speed of 10 knots

" Information from Ministry of Fisheries.
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ANNEX B GIS Track Creation and Processing
4 Final Results

4.1 This Setion presents before and after comparison plots of ther and processed vessel
tracks The plots shovan improvement in the consistency agdality of the data post processing
that allows a more robust analysis to take place particularly arctemoa

4.2 Figure3 shows hat all vessel tracks in the study area that intersects WithEEZwith
comparison between both raw and processed data.védkel tracks thatrossed land and drying
reefshave been manually routed around the coasSaimoa
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Annex B- Figure 3:Compaison between raw and processecesseltracks across thetudy area
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ANNEX B GIS Track Creation and Processing

4.3
larger scale plot of the raw and processed tracks in the viafi§amoa.

The difference between the raw and corrected tracks can be more clearly seen in Figure 4, a

1 554854 Y8yi
R AR TR RV AR R R URURTRURURURL
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Annex B- Figure 4.Comparison beveen processed and raw vessebicks aroundSamoa
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ANNEX B GIS Track Creation and Processing

44 Figure 5 represents the modelled traffic density of all processed vessel tracks across the
study areaTraffic density is defined as the number of traosksrsecting a cell. Thefere, you will
note that the interisland ferry route from Mulifanua to Salelologa (which was inserted as only two
tracks)does not feature on this plotA more complete representation of the traffic is given®y
densityper cell (the sum of the GT of all the tracks). This is discussed in Annex C.

Modelled Traffic Density

|

Traffic Density per Cell
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Annex B- Figure 5: Processed traffic density by cglumber of tracks)
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ANNEX @ Traffic RiskCalculation
1 Traffic RiskCalculatior}

1.1 After procesingthe AIS datdo produce tracksand applying the GT per vessel, a vessel
traffic GTdensity plot was created (sdegurel). For this purpose¢he definition ofa vessel transit
was adopted asa sequence of positimeports from a particular ship, without significant time gaps,
which show some level of purposeful motihis overcomes the problem of an anchored vessel
biasing the traffic densityA transit stats when a vessel leaves a beghd ends when she leasthe
study area. If @essel stops and starts again thians has beernterpreted as twoseparatetransits.
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Annex G Figurel: Vessel Tiaffic Density Plot Sowing GTper cell

1.2 The basis of this risk analysishiat each vessel transit has an inherent potential fwss of

life or pollution and that thipotential is the product of the size and type of a ves§ar examplea
large tanker has a higher pollution risk than a smaller one. A large cruise shipueag bmaller
pollution risk than a small tankdaut a higher potential risk to life. The table at Figuqgr@videsGT
multipliersfor eachvessel typen order to calculatehe risk inherent in that ship type for pollution

or loss of lifeThis table isakenfrom Marico Marine Report No. 12NZ2461ssue 1, January 2013,
p.D18and is used to maximise consistency between this risk assessment and the previous LINZ

8 For consistency with previous LINZ SW Pacific hydrographic risk assessments and convenience of the reader,
sections of this Annex have beegproduced by copy fronfMarico Marine Report No. 12NZ246 Isue 1,

January 2018

9 (Calder, 2009)
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ANNEX @ Traffic Risk Calculation

hydrographic risk assessments conducted for other South West Pacific. Stateseference report
states that the multipliewasd 2 NJA Zreafed byttaiking a model ship with a median tonnage that
transits throughSouth West Pacific wateesd calculating the most likely and worst credible
consequences of an incident frogvent treest!® Forthis Samoarisk analysisthe event trees
previously used in the Vanuatu, Cook Islands and Tonga were considered applicable due to
commonality of the general sizes and types of vessels visiting Satheapplicability of these
accident /incident scenariasonfirmed the validity of adopting the same risk multiplier calculation
table as shown in Figure 2 below.

Ship Type Loss of Life Risk Multiplier | Pollution Risk Multiplier
ML WC ML wC
Tankers 5*10° 7*10° 5*10°3 0.2
Passenger Ships | 1*10° 1.7*10° 1.6*10° 8.5*10*
Cargo Ship 8*10° 1.7%10% 1.5*10° 7.5*10°
Fishing Ships 0.01 0.07 1*10° 0.04
Recreational/ 0.01 0.07 1*10° 0.04
Superyacht
Other (Defence, | 1*10° 1*10° 1*10° 0.04
Research & SAR)

Annex G Figure2: Table of risk multipliers used to transfori@Tto a risk potential for the specified vessel
types

1.3 This approach is a necessary simplification of reality in a number of ways, Eiisthot

possible to know the individual crew numbers and cargo volumes of each individual vessel transiting
through the study area and so a model ship type will be ugmtondlythe approach is limited in
assuming a simplistic linear relationship betwéehand consequence potentialrhis is not always

the case and may vary considerably with some vessel types and depending on the employment of
the vessel. For example, fishimgsseldave a relatively high loss of life potential due to their small
sizeg R NBE I GAPS Ayadlortrdes RIy3ISNRdza maINy 2 SSNI
weather conditions. This risk is liketybe higher for small vesselhich are more vulnerable teea

and wind conditionsor trawlers workingn shallow wates where there is a risk of snagging nets on

the seabed. Howevea large fishing vessel working in deeper water is more seaworthy, has more
automated equipmentand is less likely to snag netddditionally, it is exposed ®ven less risk

when not actudly engaged in fishingind when simply on passage is more likely to have the risk
profile of a cargo ship. This analysis cannot account for such variations in vessel profile or
employment.

10 (Marico Marine Report No. 12NZ246 January 2013, p. D.18)
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ANNEX @ Traffic Risk Calculation

1.4 The potential risk of a vessel transit in terms of pollutiorioss of life isalculated ashe
average of thanost likelyandworst crediblecases and is calculated by the formula below:

0 € 0 Qe=¢(@EOO0 6 & 0 NHEAIOD 6 & 6 QR QQI
For examplethe calculation for the pollution potential of a 30,000 GT tanker is:

~

w az2ald [A1Steé I onZnnnoDe¢OvfFndnnpodadzd GALIE ASND
w 22NRAUG / NBRAOGES I' onZnnnoD¢OFndHoadz GALIE ASNI
I_l

w ! BSNI 3S da[ b2/ 0kn T oXnTp G2yySa aLAtGo

15 Using a Jenks Natural Breaks interval methiod distribution of average potential loss of

life and average potential pollution were transformed to a 1 to 5 scale. This meftaata

classification seeks to partition data into classes based on naturapgtin the data distribution.

Natural breaks occur in the histogram at the low points of valleys. Breaks are assigned in the order of
the size of the valleys, with the largest valley being assigned the first naturalBreak

Modelled potential loss of lie

1.6 Figure Jelowshows the modelled potential loss of life across the study areaofilye

areas with significantioss of life potential arethe near approaches to Apand alonghe inter-island
domestic ferry routavhere there is a high total GT of passenger vessel traffic. This route also
intersects with the major commercial route through Apolima Straibte that this is aneasure

relating to ship type and GT only (not the quality of chart data or potential éinflaators) therefore

the highest potential will occur where high GT of vessel types with a high risk potential (see Annex C
Figure 2 above) exist. It is alcelative measure using the natural breaks method described above

to portray the potential riskrariation across the 5 colour bandshe values of the colour bandsed

in these plotsare as follows:

Potential loss of life colour bands
0-49

49-187 low
187922 moderate
922-2378 heightened

2378and greater

UThis definition was acquired fro®a NA ® & DL €sri.B0A600G A 2 Yy I NB ¢
http://support.esri.com/en/knowledgebase/GISDictionary/term/natural%20breaks%20classification
(accessed May 16, 2016).
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ANNEX G Traffic Risk Calculation
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ANNEX @ Traffic Risk Calculation

Modelled potential pollution
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Annex G Figue 4: Modelled Potential Pollution

1.8 Figure 4 shows the modelled potential pollution across the study area. The waters with a
moderate to significant potential pollution occurred along the routes travelled by tankers or where
the main traffic routes whes vessels with a relatively highToverlap the same cellsnostof this

traffic passeshrough Apolima Strait and across the top of Apolu Isjaading at ApiaAgain, it is
important to note that these values are relative to the total pollution potential across the Samoan
EEZfor referencethe actual values of the colour bands are as follows:

Potential pollution colour bands

0-1612

16125277 low
527710492 moderate
1049224075

24075and greater
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ANNEX @ Traffic Risk Calculation
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ANNEX [ Likelihood and Consequence Factors
Overview

1.1 This Annex presents, in GIS form, the likelihood and consequence factors used in the
calculation of hydrographic risk and the cost or benefit of addressing areas at risk across the study
area. Full details of the level of risk for each factor and itatieé importance or influence are

shown in the Risk Score Table provided at AibeXhe risk contribution for each element is related

to its geographic extent and reduces with distance from the determining feature. This is shown
graphically in the Figuseof this annexand while the specific measurement scale for each element
varies the relative contribution is generallgpresented bycolour codesas follows

Grey:(only included when relevant) | Nil
Dark green:

Light green: low
Yellow: moderate
Orange: heightened
Red:

1.2 The likelihood factors are those that contribute to the probability of a vessel being involved
in a marine accident. These factors are identifiedragt-ocean conditions, navigational complexity,
aids to navigation, bathymetry and navigational hazdfdgiguresn section 2 othis Annex show

the level of hydrographic risk due to the proximity of vessel traffic to a feature which is likely to
cause o be impacted by a marine accident

1.3 Consequence factors are used to quantify the effects of an incitfehe principal
consequence factors are: the environmental impact, damage to culturally sensitive areas and
damage to areas that would impact onetBamoareconomy

2For consistency, this explanation was taken from (Marico MaRegort No. 15NZ322, Issue 3, Auguit 5
2015, 29).

13 For consistency, this explanation was taken from (Marico Marine Report No. 15NZ322, Issue 3, ®ugust 5
2015, 30).
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ANNEX [g Likelihood and Consequence Factors
2. Likelihood Factors
2.1 Met-Ocean Conditions

The metocean conditions which present a hydrographic risk across the studyaegeaposure to
prevailing conditions, spring mean current speed and visibility.

2.1.1 Exposure taPrevailing Conditions
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Annex D Figurd: Modelled Exposure to Prevailing Conditions

Figure 1 representselative hydrographic risk due to exposure poevailing conditions across the
study area. Information about the wirgbeed and directioand prevailing wave and swell
conditions wergakenfrom the Pacific Islands Ocean Observing System middEthis was consistent
with but more detailed than information contained in NP&and advice from the Samoa
Meteorology Department There isa predominance of windand seagrom the east and the south
east throughout the yearCyclone events are considered random.

1 Pacific Islands Ocean Observing System (Pacl@@$Wwww.pacioos.hawaii.edu/
15 (Admiralty Sailing Directions, Pacific Islands Pilot VoluriéP61, 2017Chapters 1 & 13
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ANNEX [ Likelihood and Consequence Factors

2.1.2 Spring Tidal Current Velocity
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Annex D Figur@: Modelled Spring TidaCurrent Velocity

Figure 2 representselative hydrographic risk due to the spring tidal current velocity across the study
area. Thidigure was created based aata from PaclOO8currents aslescribedon chart N6
and N1, andconfirmed by discussiowith SSC.

16 pacific Islands Ocean Observing Systehitat//www.pacioos.hawaii.edu/currents/modesamoa/
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2.1.3 Visibility
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ANNEX [ Likelihood and Consequence Factors

Poor visibility can occur across the study aesal isnormally associated with passingin squalls of
short duration. Nevertheles# can increase the risk of a havigational incident especially in high
traffic areas and close to land. The entire Samoan EEZ has been classified as occasional poor

visibility.
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ANNEX [g Likelihood and Consequence Factors

2.2 Navigdional Complexity

The risk for transiting vessels is greater the more complictitechavigational trackln open waters
with considerable sea room on either side of the rqute risk is significantly reduced in
comparison to a constrained navigation ain@l in a port’ In this study, the risk related to
navigational complexity wadefined bythe type of navigation required across tBamoeEEZ.
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Annex D Figurd: Modelled Navigational Complexity

Figure 4representsrelative hydrographic risk due to the type of navigation required across the study
area. Thé Figure was created based site visisto all ports,as well asnterviews with relevant
harbour masters. HAefigure showsonstrained navigatiowithin 1nm ofthe coastal reeandwithin

the commercial ports and gradually reducing risk with distance further to seaward as defined in the
legend.

YFor consistency, this explanation was taken from (Marico Marine Report No. 12MZB#6ie 1, January
2013, D29).
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ANNEX [g Likelihood and Consequence Factors
2.3 Aids to NavigationAtoN) and Charting

The risk of a maritime incident is considered to be increasAtbiflare nd charted are incorrectly
charted or are not working. Foransistency with previous SoutWest Pacific risk assessments, the
methodology used in this assessment identified two particular hazaataely out of date nautical
charts and incorrectly marketitoNsuch as buoyage or light Theother navigationatisk factors

in Samoarethe possibility thatunlit FADsare deployed in positions other than those charted, and
whether the scale of the nautit chars in some locations is sufficient for their intended usheske
factors are not includeth the GIS risk calculation batte discussed in thestk results and
recommendations.

2.3.1 Charted Zones of Confidence
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Annex D Figur®: Modelled Clarted Zones of Confidence Score

Figure5 representsrelative hydrographic risk due to the charted zones of confidence; the seafloor of
the study area beyond the extents shown in thigire has not been assessed. This Figure was

created based on zone of confidence assessment ratings provideldNEyThe larger scale extract

of this Figure for the region of Apia to Apolima Strait shows the detail of how CATZOC classifications

18 For consistency, femethodology is similar to that used {Marico Marine Report No. 12NZ246Issue 1,
January 2013, D31).
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ANNEX [ Likelihood and Consequence Factors

are diviced into specific areas related to the different standard of hydrographic information
available.

2.3.2 Proximity to NonWorking Aids to Navigation

In Samoathere are only a small number of formal AtoN, with two, Apolima Island light and Malua

light (west of Apia) being the only navaids outside port limits. Malua light was reported to be

charted and operating correctly. Apolima Island light was reportdaktoperating correctly but the

f A3IKGQAa AylGSyaArie KIR 0SSy NBRdzOSR (2 MHYYO® 2 A
western entrance reef was noted to be unlit. This is the only item that has been included in the

G LINE EAY Ab&ingli R R(2y§2 yI AT GA2yEé DL{ fI &@SN® [ 201 f
is that the charted lit beacons in the vicinity of Manono Island have not existed for a long time.

These lights were only useful for local navigation and are not included irigkiayer.

Modelled Proximity to Non-
Working Aids to Navigation
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Annex D Figur®: Proximity to norrworking aids to navigation
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ANNEX [ Likelihood and Consequence Factors
24 Bathymetry

Depth of available wateof lack thered}, in relation to the draught of vessels navigating in the
vicinity, is a considerable hard to navigation. The hazard is normally considered as the risk of a
vessel running agrountitoweverthe presence of shallow water also has a secondary effect in
limiting the room for vessels to manoeuvre in order to avoid a danger, object or anothezlves
Additionally, if a major shipping route is proximate to an area of shallow water then a vessel that
becomes disabled has little time tmnductrepairs, anchor or obtain assistance before she is
aground?® In this assessment the 20m contour wssected for convenience as it could be extracted
directly from ENCs. The difference between this and the 15m depth contour used in previous
assessment is considered negligible.

2.4.1 Depth of Water- 20m Contour

Annex D Figur&: Modelled Distance to 26h Contour

Figure 7showsrelative hydrographic risk due to the proximity to areas at a minimum dept2Ooh.
Thisfigure was createdfom the latest Fugro LIDAR bathymetry availaBle.

19 Thisexplanationhas been modified for additional clarity from the original workNfarico Marine Report
No. 12NZ244., Issue 1, January 2013,8)3

20 Bathymetry collected by Fugro LADS under the World Bank pr@&ebiancing the Climate Resilience of
Coastal Resources and Communities Project for Samoa, 2014)
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