
Nuku’alofa Port Upgrade Project (RRP TON 53045-003) 

 

DISASTER RISK ASSESSMENT 
 

I. BASIC PROJECT INFORMATION 
 
Project Title: Nuku’alofa Port Upgrade Project 

Project Cost ($ million): 45 

Location: Nuku’alofa, Kingdom of Tonga 

Sector: Transport 

Theme: Water Transport [Nonurban] 

Brief Description: 
 

The Queen Salote International Wharf (QSIW) at Nuku’alofa is Tonga’s largest 
port. It handles 85 per cent of all cargo coming into Tonga, the vast majority of 
Tonga’s international sea trade as well as providing a hub for inter-island trade. 

The project assessed as high risk based on a disaster risk screening. A disaster 
risk assessment has been prepared.  
 
Due to its location, the port is also exposed to the ongoing threat of natural 
disasters such as tropical cyclones, earthquakes and tsunami. The region 
experiences significant disaster variability.  

Source: Asian Development Bank. 

 
II. SUMMARY OF DISASTER RISK FINANCE 

 
Project Financing 

Disaster Finance 
($ million) Source 

Amount 
($ million) 

Asian Development Bank   

 Special Funds resources (ADF grant) 15.0 1.8 

 Special Funds resources (Concessional Resources 
Regional Pool) 

30.0 3.0 

ADF = Asian Development Fund. 
Source: Asian Development Bank. 

 

III. SUMMARY OF DISASTER RISK SCREENING AND ASSESSMENT 
 

a. Sensitivity of Project Component(s) to Disaster 
 
The project components are at risk of geophysical events, including earthquakes and tsunami  The review 
of disaster for QSIW identified the following high or extreme risks: 

• Yard. Shut-down of port for extended period due to earthquake and tsunami event.  

• Wharves. Permanent damage to structures due to earthquakes and tsunami 

• Access Road. Temporary loss of access to the facility after earthquake and tsunami event.  

b. Disaster Risk Screening 

• Yard. The yard is classified as susceptible to liquefaction which could create compaction of fill and 

cracking on the ground. Inundation of the yard and damage to the onshore infrastructure is expected 
after a large tsunami event.  

• Wharves. The existing wharves were not designed to the latest international seismic and tsunami 
standards. Damage are expected to the structures under significant ground motion and instability of 
slopes at toe of quay walls. 

• Access Road. The access road is subject to liquefaction and inundation under tsunami event.  

Disaster Risk Classification: High 

https://lnadbg4.adb.org/sec0066p.nsf/RRPs/53045-003-2?OpenDocument
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A. Disaster Risk Assessment 

 
Methodology 
The following approach has been adopted: 

• Review of the literature on: 

o Historical records regarding seismic and tsunami hazards 
o Nearby ground investigations and design reports, 
o Hazard study in the region; 

• Undertaking of ground investigation at site; including boreholes, insitu shear waves testing 
and laboratory testing; 

• Review of factual data and interpretation based on relevant international s tandards; 

• Undertaking a site-specific Probabilistic Seismic Hazard Study; 

• Internal workshops with the TRTA team and key stakeholders on the existing issues at 

QSIW, proposed design philosophy, strategic options evaluation, engineering feasibility, and 
proposed approach to climate resilience;  

• Assessments of disaster vulnerability and risk for the existing and the proposed port upgrade 
to identify which elements of the design require specific consideration;  

• Incorporation of reduction measures into the design and assessment of residual risk. 

Disaster Risk Assessment 

• Earthquakes – Based on site-specific PSHA and review of study undertaken in the region, Peak 
Ground Acceleration at bedrock were determined for 73 years ARI = 0.3g and for 475 years ARI = 
0.66 g. Liquefaction is likely to occur for 50 years ARI. 

• Tsunami – Based on PTHA of the Pacific Region (Geoscience Australia 2009) and Modelling 

undertaken by MEIDECC, tsunami event with a 3.6m waves has 1% to occur by 2070 (2000 year-
ARI), while a 0.7m waves has 18% chance to occur by 2040 (100-year ARI). Maximum inundation 
level of 2m are expected. 

Disaster Risk Reduction measures 

• Yard – It will be noted that 1977 and 2006 earthquakes had moderate impact on the operations and 

infrastructure (wharf 1 deck damaged and crack on the yard pavement). A site specific PSHA 
highlighted that a major seismic event (larger than 1977 and 2006) have 10-15% chance of occurring 
through the remaining life span of the existing structures. This seismic event is likely to cause 
significant damage to the infrastructures and lateral spreading of the ground.  To such event, ground 
improvements are required for the seabed, yard and access road. These techniques could be applied 
only from a safe distance to the quay walls to avoid causing their displacement. Other densification 

techniques such as vibro-flotation, dynamic compaction, rapid impact compaction is not expected to 
work in the main liquefiable layers due to the silt content and the presence of the coral gravel fill. 

• An alternative to ground improvement will be to use a type of pavement relatively easy to repair such 
as flexible asphalt pavements. Rigid pavements will experience significant damage from differential 
settlement which can take several months to repair. Adoption of Flexible pavement surface will 

shorten the time required for repairs without impairing the operations.  

• As part of the tsunami mitigation measure, the generator room will be raised above inundation so it 
can be used as part of the post-disaster recovery and provision of an improved drainage will minimise 
the length of time the port will be inundated. Additionally, the new access road will provide a clearly 
signed access to the Evacuation bridge located further south on the by-pass road. 

• Wharves – Assessment of the existing wharves and liquefaction of the ground highlighted limited 

resilience against seismic event. To resist a large infrequent earthquake event , in addition to ground 
improvement, a full rebuilt of the wharf structure will be required. The size and embedment of the 
existing pilling were not specified to withstand loads generated by such earthquake. Strengthening of 
the section (capping beam and tie-rod) above the water line to minimise disruption on the operations 
will not be sufficient to address the shortfall of the structures and was therefore discarded. While 

ground improvement, demolition and full reconstruction of the wharves are technically feasible, the 
disruption caused to the operations and the additional cost required to resist a relatively rare event is 
not currently justified to adopt both measures. 
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• The impact of large infrequent seismic activity on the existing infrastructure cannot be reduced. 
However, the design of the new structure will be implemented with the definition of the seismic loads 
based from the latest international standards and knowledge gain through the site-specific 
investigation on geotechnical and seismic conditions. The return period of the seismic event to be 

designed for will consider the longer life span of the new structures. This approach will ensure that 
any new structures will have required resilience to allow their inclusion under future upgrade of the 
site which will most likely include a reconstruction of the existing wharf 1 and 2.  

• Design of the new wharf 2 extension will include allowance for cyclonic events which generate larger 
wave heights than those expected from tsunami. However, tsunami wave forces have longer period 

waves and current speeds due to propagation of the wave inland which will be considered separately 
under the design. The ASCE_SEI 7-16 code will be used alongside with the PIANC WG112 guideline. 
Upgrade of the existing infrastructure to resist a large tsunami will require a rebuilt which for similar 
reason was not adopted as mitigation measure because of disruption and cost. Given the very low 
likelihood of tsunami within the design life span of the project (2040), this measure is not adopted. 

B. Disaster Risk Screening Tool and/or Procedure Used 
The high risks identified in the AWARE report were used as initial framing for the more comprehensive DRA 

undertaken in this study including a site-specific Probabilistic Seismic Hazard Study and tsunami model 
outputs from MEIDECC. 
Source: Asian Development Bank. 
 

IV. DISASTER RISK ASSEMENT AND REDUCTION PLANS WITHIN THE PROJECT 
 

Reduction Activity 

Target Disaster 

Risk 

Estimated 
Reduction Costs 

($ million) Reduction Finance Justification 

Design new buildings 
with added resilience 
to earthquakes 

Earthquakes 
resulting in damages 
to building 

0.3 New substation building designed 
to the latest seismic codes 

Provision of ring road 
composed of Asphalt 

Earthquakes 
resulting in ground 
cracks and 
liquefaction 

Included under 
regular project 

scope 

An alternative to ground 

improvement will be to use a less 

sensitive pavement types which 

are relatively easy to repair such 

as flexible asphalt pavements. 

New Wharf extension 
to be designed to 
latest code 

Earthquakes and 
Tsunami events 

2.8 Measure will allow to include this 
structure as part of future facility 
upgrade when existing wharves 
are to be upgraded which will 

include Tsunami resilience.   

Raised generator 
room as part of the 
new substation 

Nature of the 
Measure 

0.1 Measure will allow generator to be 
used Post-disaster. 

Upgrade of Access 
Road 

 0.6 Measure will provide better access 
to Staff to Evacuation Bridge in 
case of Tsunami warming. 

Source: Asian Development Bank. 
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V. ASSESSMENT OF RESIDUAL RISKS AFTER THE PROJECT 
 

Measure Residual Risk 
Measure 

Cost 
Justification Not to Be Included 

Within the Project  

Resilience of existing 
wharf 2 is not in line 
with latest 

international 
standards. 
Strengthening is 
required to prevent 
structural collapse 
under large 

infrequent seismic 
event. 

Wharves will not be 
operational without 
repairs undertaken post-

disaster. Ground 
liquefaction will affect the 
stability of the bulkhead 
structure and temporarily 
prevent access to the 
facility. 

30 Million 
USD 

The structure was designed for a 
PGA of 0.15g, while a minimum 
PGA of 0.66g (475 years ARI) at 

rock level is specified on PIANC 
WG112 and ASCE_SEI 7-16. 
Assessment of the bulkhead 
structure highlighted that the sheet 
piles size and embedment are not 
adequate. Minor improvement or 

strengthening are not efficient 
measure as the structure will 
remain vulnerable to ground 
liquefaction. Existing wharf is to be 
demolished and rebuilt under the 
form of a more adequate seismic 

structure such as suspended deck 
structure. This mitigation measure 
was not adopted due to high cost 
and disruption to operations during 
construction. 

Resilience of existing 
wharf 1 is not in line 

with latest 
international 
standards. Additional 
pilling to be provided 
under front beam to 
minimize risk of 

structural collapse 
under large 
infrequent seismic 
event. 

Wharves will not be 
operational without 

repairs undertaken post-
disaster. Ground 
liquefaction will affect the 
stability of the rear beam 
and anchor wall and 
temporarily prevent 

access to the facility. 

15.0 Million 
USD 

The structure will still rely on 
existing structural element which 

were designed for a PGA of 0.15g 
and will remain susceptible to 
ground liquefaction. The utilization 
of this auxiliary wharf is much lower 
and so is the importance of the 
wharf to the facility. This mitigation 

measure was not adopted due to 
high cost and disruption to 
operations during construction. 

Improvement of the 
existing ground on 
the yard and access 

road to prevent risk 
of liquefaction under 
large infrequent 
seismic event. 

Ground improvement 
technique cannot be 
applied to the ground 

surrounding the existing 
wharves due to potential 
displacement generated 
during application. 
Existing wharves will 
therefore remain 

unprotected again 
liquefaction. 

15 Million 
USD 

Implementation of ground 
improvement method will require 
full demolition of the existing 

pavement and will restrict access to 
the yard during construction. 
Specialized equipment and import 
of large quantity of proprietary 
product (high-strength ground, etc) 
will be required. Additionally, the 

cost and construction timeframe 
required for this measure is 
prohibitive. 

Design of the existing 
wharves did not 
include allow for 
tsunami event. 

Structural 
strengthening is 

Existing wharves will 
most likely collapse due 
earthquake triggering a 
large tsunami event. 

Yard, access road and 
personnel remain 

30 Million 
USD 

Adoption of this measure will 
require both existing wharves 
structure to resilient to infrequent 
large earthquake in first place. The 

measure was not adopted for the 
same reason. 
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Measure Residual Risk 
Measure 

Cost 
Justification Not to Be Included 

Within the Project  

required to increase 
their performance. 

exposed to tsunami 
hazards. 

Provision of 
pavement more 
flexible and easier to 

re-instate following 
ground liquefaction. 

Does not prevent 
liquefaction occurring and 
immediate disruption of 

the Operations until 
repairs undertaken. 

None – 
Included as 

safety 

improveme
nt 

Measure will allow for quicker and 
cheaper post disaster repairs. 
Additional damaged area can be 

isolated during repairs to minimize 
impact on operations. 

Installation of back-
up generator above 
tsunami inundation 
level to allow it use 
as part of post-

disaster recovery. 

Does not prevent 
remaining of 
infrastructure and 
personnel to be impacted 
by tsunami hazard. 

0.5 Million 
USD 

Measure will allow for quicker post-
disaster recovery by providing 
immediate emergency power 
supply to the site.  

Design of new 
onshore and marine 
structures to the 
latest international 
standards for seismic 
and tsunami.   

Does not prevent 
remaining of 
infrastructure to be 
impacted 
of infrastructure and 
personnel to be impacted 

by tsunami hazard. 
Potential ground 
liquefaction will not be 
reduced. 

2.0 Million 
USD 

Measure will allow to integrate new 
structures (in particular wharf 2 
extension) as part of a future facility 
upgrade. 

Refurbishment of 
existing access road 
including signing for 

Tsunami evacuation 
route.  

Does not prevent 
remaining of 
infrastructure and 

personnel to be impacted 
by tsunami hazard. 
improved drainage will 
minimise the length of 
time the port will be 
inundated during these 

events. 

1.0 Million 
USD 

Measure will provide better access 
to Staff to Evacuation Bridge in 
case of Tsunami warming. 

 


