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1. BACKGROUND 

This document describes the project proposal of the HAWAII-3 JIP. This project is a follow-up of the HAWA-I (2006-2008) and HAWA-II (2009-2012) JIPs. A 
short introduction to both previous JIPS and the motivation for a third phase of this project is provided below. It is intended as a starting point for 
working out the proposed third phase of the project in later sections of this document. 
 
HAWA-I JIP (2006-2008) 
In 2006 a Joint Industry Project was started that aimed to explore shallow water wave dynamics and related vessel responses in order to provide 
reliable wave information leading to optimal offshore LNG facility designs. The project, which was called HAWAI1 ran from 2006 to 2008. The objective of 
JIP HAWAI was to improve the reliability of offshore (LNG) terminals in shallow water by using the combined expertise from the fields of offshore 
hydrodynamics and coastal engineering. 
 
In HAWAI it was recognised that the development of reliable offshore LNG terminals in 
shallow water locations requires an improved insight into the complex wave conditions 
and ship hydrodynamics in such areas, which can differ strongly from deep water wave 
conditions. Particularly in shallow waters, long waves, although hardly visible, can cause 
large problems for moored ships. Low frequency wave effects (also called set-down and 
infragravity-waves) can result in significant excitation of streamlined LNG carrier hulls that 
have very low damping against low frequency motions such as surge. The combination of 
excitation and low damping can result in significant resonant motions and related mooring 
loads. As more and more LNG terminals were built in shallow water at the time, with water depths of approximately 15 m – 40 m, a better 
understanding of these shallow water hydrodynamics was desired. 
 
HAWAI investigated not only wave conditions at a number of representative mooring locations, but also ship motions and mooring loads that could be 
expected in such environments. Variables such as water depth, ship draught, seabed contours (bathymetry) and wave frequencies were also 
accommodated. In addition, the project investigated the applicability of model testing techniques for shallow water operational scenarios. By using the 
combined expertise from the knowledge fields of offshore hydrodynamics and coastal engineering, the project resulted in an improvement of 
knowledge of shallow water physics that are important for the design of offshore LNG terminals. The results provided the participants a better 
understanding of ship motions and mooring prediction methods in sea conditions common to such areas. 
 
 
HAWA-II JIP (2009-2012) 
Although the first HAWAI project already provided much insight in the complexity of the wave conditions in 
shallow water areas and their influence on ships moored under such conditions, a methodology on how to 
apply systematically that knowledge in the design of a terminal was still missing. From a designer point-of view, 
there was a need for practical and generic guidelines on a methodology to cover these long waves. Therefore, in 
2009 a follow-up of the HAWAI project was started, named HAWA-II. The aim of this second HAWA-II JIP was to 
develop a practical design methodology for nearshore shallow water LNG terminals, making use of the insights 
gained in the first HAWAI JIP.  
 
A design methodology was developed, providing practical guidelines for a step-by-step design approach. In 
each step the relevant physical processes were identified and guidelines were provided on how to account for 
those. This methodology was illustrated in a case study involving the design of a LNG terminal at a shallow 
water mooring location. In this case study, each step of the developed design methodology was performed, 
starting with obtaining the offshore wave climate and concluding with a final estimate of the expected 
downtime at the nearshore mooring location. This case study showed how the design methodology can be 
applied in a practical, realistic situation. Next to this step-wise design methodology, also several tools have been 
developed within the project, which were shared with the participants. These tools consist of methods to (1) 

                                                                            
1 HAWAI stands for sHAllow WAter InItiative  
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(quick-)estimate low-frequency wave conditions at a nearshore mooring location; (2) compute hydrodynamic loads related to the low-frequency waves 
that are present at the mooring location and (3) estimate line forces and vessel motions. 

 
Motivation for HAWA-III JIP 
The application of the design methodology in the case study in JIP HAWAII showed the relevance of correctly predicting the nearshore shallow water 
wave conditions and that these should receive ample attention as part of the design of such facilities. It was shown that low-frequency waves can have 
a significant effect on the expected downtime. Therefore, a correct prediction of the LF wave spectra at the mooring location is critical for correct 
downtime estimates. 
 
In the years following JIP HAWAII most new projects consisted of developments on deeper water. However, in recent years the focus of projects in the 
field has shifted again to shallow water, and the design of LNG terminals in a nearshore environment has become a critical topic again. Also, the design 
of permanently moored offshore structures in shallow water has been found especially challenging due to the lack of detailed guidelines. Failure of 
mooring systems have been observed in the field due to infragravity waves, which show that the infragravity waves remain a critical aspect in design 
methodologies. 
 
There are multiple reasons why it remains difficult to take long waves into account in terminal designs. This is mainly because (1) the workflow of the 
methodology is relatively complex and time-consuming (2) taking infragravity waves into account is not necessarily a requirement from classification 
societies (3) the uncertainties involved in the methodology need to be assessed (4) the methodology has not been applied yet for cases where 
breakwaters are involved. Furthermore, the physics involved remain quite complex.  
 

2. OBJECTIVES 

The objective of the HAWA-III JIP is to assess the applicability and effectiveness of breakwaters and innovative mooring solutions to improve the 
workability of nearshore terminals, and to validate the overall design methodology of nearshore terminals based on model scale or full scale 
measurements. The results from the previous two JIP phases will be used and expanded to reach this objective.  

   
3. SCOPE OF WORK 

In order to achieve these objectives, the JIP will combine model scale or full scale measurements, state of the art numerical calculations and collected 
existing data and information available in the literature. At the beginning of the JIP, one case study will be selected together with the participants. Within 
interactive workshop sessions, the design methodology will be followed and executed using numerical methods delivered within the JIP. A detailed 
tutorial will be delivered such that the knowledge can be spread easily within each participating company. Finally, the final steps of the design 
methodology will be repeated including breakwaters or innovative mooring solutions. Quantifying the benefits of such breakwater or of innovative 
mooring solutions will demonstrate the benefits in terms of workability, safety and costs. 
 
The total scope of work of the proposed JIP has been separated into the following main work packages: 

• WP1: Detailed Guidelines and Workshop Sessions 

• WP2: Full Scale Measurement and Validation 

• WP3: Breakwater and Innovative Mooring Solutions 
 
These work packages are briefly described in the detail in the following sections. 
 
Work Package 1: Detailed Guidelines and Workshop Sessions 
 
WP1.1 Guidance Note from Classification Societies 
Classification rules exist for permanent mooring offshore and for temporary mooring nearshore. However, also nearshore LNG terminals require clear 
rules for permanent mooring. Such guidelines are not available presently, and the objective of this WP is to develop such guidance notes in details. 
Guidance notes can be established by the classification societies involved in the project, in consultation with the other partners and participants, to 
clarify how to take shallow water effects (complex wave conditions and ship hydrodynamics, breakwaters, innovative mooring techniques) into account 
for permanent mooring in a nearshore environment. 
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WP1.2 Delivery of  tools 
For the participants to be able to apply the design methodology, the required numerical tools will be made available. This includes (1) a wave model 
that calculates the low-frequency wave content (2) a frequency domain code that can be coupled to the wave model to calculate the infragravity wave 
excitation, and that calculates the hydrodynamic database of the vessel, and (3) a time-domain code that calculates the vessel response of the moored 
vessel, including non-linearities of the system. The time-domain offers an interface to be able to include external innovative mooring solutions, and is 
required to represent the non-linear mooring equipment. 
 
WP1.3 Interactive Workshop Sessions  
Although the design methodology has been applied in the HAWA-II JIP, the industry has expressed a need for 
more practical guidance. The methodology requires the combination of several tools, and the interfaces between 
tools need to be streamlined to ease the application of the methodology. This will be done as part of this task. 
Furthermore, detailed guidelines will be made on how to calibrate and use the tools involved in the design 
methodology. The detailed guidelines will include the delivery of streamlined and (as much as possible open-source) interfaces such that the workflow 
is optimized for the different tools used by the participants.  
 
 
Work Package 2: Model Scale or Full Scale Measurement, and Validation 
 
WP 2.1 Full Scale or Model Scale Measurements 
It is proposed to conduct full scale measurements at an existing LNG terminal. The objective is to measure (1) 
the nearshore wave field including the infragravity waves (this requires other measurement devices than only 
wave buoys), (2) the vessel motions and (3) the mooring line loads. This will provide data for the validation of 
the design methodology (WP 2.2), as well as input data for the quantification of the effectiveness of innovative 
mooring solutions (WP 3.2). If no convenient location providing reliable and complete data can be found, or if it is found that more reliable and accurate 
data can be obtained in a wave basin, model tests will be conducted instead. In this work package, further guidance will also be provided on what 
should be included in full scale measurement and analysis of LF waves as input to design and during operations to help manage the risk related to infra 
gravity waves.       
 
WP 2.2 Validation  
In this work package, the wave model used in the design methodology will be first validated against the 
model tests or full scale measurements. This will illustrate how well the low-frequency wave content at 
the mooring location can be determined. It will also show how accurate the wave model is without 
calibration, which in many locations may be inevitable in absence of local long wave measurements. The 
wave model to be used can be XBeach (open-source) as used in HAWA-II JIP, but comparison with 
another wave models such as for example SWASH (open-source) can also be included. Then, the vessel motions predicted in the design methodology 
will be validated against the measurements done in WP2.1.. This will show the uncertainties of the numerical model that are involved in the calculation 
of the vessel motions. The different motion response prediction methods applied in the design methodology during HAWA-II JIP will be investigated here 
as well (effect of directionality, effect of diffraction loads of infragravity waves). 
 
Work Package 3: Breakwater and Innovative Mooring Solutions  
 
WP 3.1 Breakwaters 
Breakwaters are structures constructed to provide shelter from incoming offshore waves and to reduce 
excitation of the moored vessels. However, such breakwaters also alter the wave field itself, and may 
not protect against the infragravity waves that reflect from the coast. In addition, their effectiveness for 
incoming long waves needs to be assessed: if not properly located, a breakwater may actually even 
deteriorate the long-wave conditions at the berth. In the HAWA-II JIP, the design methodology has been 
demonstrated for a case without breakwater. In this phase, the methodology will be extended for the 
case where a breakwater is present. This work package will be executed prior to WP1.1 such that the lessons learnt can be included in the Guidance 
Notes as well.  
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WP 3.2 Innovative mooring solutions 
The mooring systems used nowadays are not much different from the ones used decades ago and are 
mainly based on the use of mooring lines and fenders. Experience in the field shows that the 
traditional mooring approach can require an extremely large amount of lines and fenders for the vessel 
to be able to cope with infragravity waves that occur most strongly in shallow water. Innovative 
mooring solutions may have large benefits at such locations leading to both significant workability 
increase and cost reduction. In this WP, the effectiveness of innovative mooring systems will be 
assessed. The effect of the innovative mooring systems on the motion response, mooring loads and workability will be investigated by applying the 
design procedure represented in the figure below. All required parameters and tools (codes) will be provided to the participants so that the same 
methodology will be available to them. 
 

 
 
 

4. PROJECT DELIVERABLES 

Below an overview is given of the HAWAIII JIP deliverables:  

• Guidance Note from Classification Societies 

• Tutorial, tools and interfaces (as much as possible open-source) to apply the design methodology with and without breakwater  

• Workshop / Course directly after the JIP week (one or multiple) 

• Validation of the design methodology based on model scale or full scale measurements 

• Extension of the design methodology to include breakwaters 

• Quantification of workability increase due to innovative mooring solutions   
 
 

5. ORGANISATION AND SCHEDULE 

The HAWA-III JIP will kick-off during the JIP Week of May 2020 and will be conducted as a 2-year Joint Industry Project in close co-operation with oil 
companies, offshore design companies, shipyards, operators and offshore contractors. MARIN will act as JIP manager and sign participation agreements 
with all members. All participating companies will be represented in the JIP Steering Group with meetings every 6 months at the FPSO JIP week. 
Presentations, reports and other relevant info will be posted on the confidential project website. 
 

 
6. BUDGET AND PARTICIPATION FEES 

For the HAWAIII JIP we aim for a total project scope of 800kEuro. The present proposal is based on that assumed minimal total budget. To reach that 
total budget we propose the following participation fees: 

• Oil companies and Operators: 60 k€ for the participants to HAWA-I and HAWA-II JIPs, 80 k€ for the others.  

• Others: 40 k€ for the participants to HAWAI and HAWAII JIPs, 60 k€ for the others. 
 
It is noted that the participants will receive the reports of previous HAWA-I and HAWA-II JIPs upon request. 
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Participants can join the JIP until June 31st, 2020. After that a late participation fee of 125% applies. The final budgets and scope of work will be fixed in 
accordance with the JIP participants during the kickoff meeting.   

 
7. CONTACT 

For more information please contact MARIN: 

Frédérick Jaouën 
T: +31 317 49 3509 
E: f.jaouen@marin.nl 

  

 

  

mailto:f.jaouen@marin.nl
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APPENDIX : RESPONSE FORM / LETTER OF INTENT FOR HAWA-III JIP 

 

Please e-mail to : MARIN, Frédérick Jaouën 

Project reference 31662 

 Fax +31 317 493 245 
 f.jaouen@marin.nl 
 Tel: +31-317 493 509 (direct) 
 
Company/organization  : ……………………….………………… 
 
Contact person :  ……………………….………………… 
 
E-mail address :   ……………………….………………… 
 
Signature :   ……………………….………………… 
 
Please tick: 
 

O We intend to become a HAWA-III JIP participant. 
However, we have the following comments to proposed scope of work: 

 
 
 
 
 
 
 
 
 

O We do not have interest in this JIP, please remove us from the contact list. 
 
 
 

mailto:f.jaouen@marin.nl
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