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[bookmark: _Toc309364463][bookmark: _Toc315769929]DON WETS
[bookmark: _Toc309364464][bookmark: _Toc315769930]Purpose and Objective
The purpose of the first portion of this Request for Information (RFI) is to assess interest in testing wave energy conversion (WEC) devices at the Navy’s Wave Energy Test Site (WETS) located at Marine Corps Base Hawaii (MCBH), Kaneohe Bay, Hawaii.  The ultimate objective of this effort is to support development and utilization of wave energy technology as a means to reduce dependence on fossil fuel and associated emissions, while reducing risk of environmental impact associated with fossil fuel in the energy production process.
[bookmark: _Toc309364465][bookmark: _Toc315769931]Background
The Department of the Navy (DoN), through the Naval Facilities Engineering Command Engineering Service Center (NAVFAC ESC), supports the Department of Defense’s (DOD) energy goal to produce or procure up to 25% of the total quantity of electric energy it consumes at its ashore facilities and activities during fiscal year 2025 and each fiscal year thereafter from renewable energy sources.  NAVFAC ESC is interested in determining if WEC technology is a viable technology to assist the DOD in achieving this goal.

The Navy’s WETS currently consists of infrastructure to support testing one WEC device offshore.  There exists rock bolted anchors that can support up to a 3-point mooring located approximately 1.2km (3,900ft) offshore at a water depth of 30m (98ft).  An armored electrical and fiber optic transmission cable will be provided to support onshore data collection/power distribution at MCBH.  In order to support the continued testing of devices at this location, NAVFAC ESC seeks to receive responses to this RFI to assess specific interest in deploying a WEC device at the Navy’s WETS. 
Through this RFI, NAVFAC also invites interested parties to comment and provide information that NAVFAC ESC will use to evaluate future test area expansion to deeper water depths of approximately   60m-70m (197ft – 230ft) (Appendix B, Figure 1).
[bookmark: _Toc309364467][bookmark: _Toc315769932]WETS Testing Concept
The Navy is evaluating the current maturity of development of WEC devices for possible installation at Navy and Marine Corps installations at coastal locations where technical and economic feasibility can be demonstrated.  Thus, the Navy’s continued efforts to make available the 30m water depth WETS to developers will help to advance the technology by supporting infrastructure needs and permitting requirements for ocean testing of mature devices.  Additionally, those developers interested in testing larger devices better suited to deeper waters are encouraged to submit as much detail as possible with respect to their WEC system design so as to assist the Navy in tailoring the deep water sites to the needs of the wave energy community.
30m Water Depth Site.  In 2003, NAVFAC designed and installed the existing intermediate-scale offshore wave energy test facility at MCBH, in a portion of Kaneohe Bay known as “North Beach”.  This system includes a subsea power cable from the onshore data collection facility at MCBH Building 614 to the mooring assembly located at the 30m depth test site, 1.2km offshore.  
Deep Water Depth Site.  The proposed effort to expand the capacity of the existing site will include an additional power cable and moorings at approximately 60m and 70m water depths to allow testing of larger and higher capacity systems.   
As of January 2012, NAVFAC ESC is in progress to continue with National Environmental Policy Act (NEPA) analysis of the proposed action to construct and operate the deep-water test site.   
NAVFAC ESC will present such Government Furnished Information (GFI) as site characteristics, mooring anchor configuration, anchor capacity, and a description of the onshore office infrastructure to attendees at the WETS Industry Forum. 
[bookmark: _Ref307400396][bookmark: _Toc309364468][bookmark: _Toc315769933]WETS Information Submittal
In order to convey interest in testing a wave energy device at the 30m or deep water locations, prospective WEC developers shall first provide responses to this RFI by answering specific questions regarding their device’s system properties and their company’s technical and testing plans; RFI submittal templates are provided in Appendix A.  When responding to the WETS portion of this RFI, companies should also indicate their interest in meeting with Navy representatives during the separate “One on One Interviews” in the afternoon of the WETS Industry Forum.
Please include the following information:  Company Name, Address, Primary Point of Contact (name, title, e-mail address, phone number and fax number), Secondary Point of Contact (name, title, e-mail address, phone number and fax number), link to company website, and, if desired, the names and contact information for their sub-contractors hoping to attend the WETS Industry Forum.  The number of representatives allowed to participate in the industry forum will be limited to four (4) per company.  
Among the information to be submitted are the following:  
· general description of wave energy converter 
· physical properties
· mooring system
· electrical system
· test history and Technology Readiness Level (TRL); for TRL designations, see the Department of Energy’s (DOE) Technology Readiness Assessment Guide, Report No. DOE G 413.3-4A, September 2011, https://www.directives.doe.gov/directives/413.3-EGuide-04a/view.   
· device support and operations
· daily operations support and maintenance requirements
· environmental data (i.e., heat production, noise level, and environmental compatibility of any fluids used in device) 
· published documents (provide electronic copies or links to documents relating to the WEC device) 
· cost-sharing plans/commitments with governmental or private organizations
· tentative operations schedule to include installation planning, mobilization, installation, operations and maintenance (estimated length of deployment), and demobilization 
· suitability of device to operate near naval facilities that have annual wave power of 5-10 kW/m, and 10-20 kW/m
· accomplishments required prior to system being ready for commercial application
· estimated year that system will produce/support commercial power
· applicable DoN facilities (see GFI list below, Sec. 2.62.6), with notional energy production (mWHr/Yr) and projected price ($/kWHr; for a 30-year Power Purchase Agreement) for each.
Wave data for Kaneohe Bay is included as GFI in this RFI to support responses to some of the aforementioned questions (see Appendix B, Tables 1-4).  All submissions should identify and distinctively highlight or clearly label company proprietary information.  
[bookmark: _Toc315769934]Prospective Deep Water Depth Moorings
Companies believing their device and operating strategy will be suitable for testing at WETS are invited to submit a Letter of Interest after the WETS Industry Forum to express interest in testing their device at either the shallow or deep sites.  Therefore, a company may choose not to attend the Wave Energy Forum prior to providing a Letter of Interest regarding their desire to test at WETS, though responses to this RFI are required of all interested parties.
The Navy is currently in the process of obtaining environmental permits that describe these two additional deep water mooring configurations.  It is anticipated, each of these deep water locations will most likely consist of a 3-point mooring plus either a drag embedment or drilled and grouted anchor assembly, with an approximate horizontal radial distance, based upon water depths of 60m, of 320m from the anchor assembly to the center of mooring with either surface floats, sub-surface floats, or full catenary mooring legs.  In addition to providing responses to the questions posed in Sec. 1.4, please comment on the suitability of this type of mooring configuration with respect to a surface float, sub-surface float, or full catenary mooring, or provide your company’s vision of an ideal mooring design.  If your company’s device does not require floats, alternatively describe with text and figures the mooring configuration you plan to use at this site.  Also, discuss whether or not it would be more technically feasible and cost effective for your company to either supply its own customized mooring or connect into a Navy-provided universal mooring that will have been designed to maximum loading forces as estimated by responses received to this RFI and other Navy research. 
[bookmark: _Toc309364466][bookmark: _Toc315769935][bookmark: _Toc309364472]WETS Industry Forum
NAVFAC Pacific will host a one-day WETS Industry Forum to discuss opportunities to test wave energy devices in the exposed ocean waters off of MCBH, Kaneohe Bay, Hawaii.  The purpose of this forum is to provide WEC device developers with WETS system details that will assist them in determining the feasibility of testing a device for an extended period of time.  Additionally, the industry forum will be used to generate dialogue with the wave energy technology community that will assist NAVFAC in determining the maturity of the technology, and gather input for designing the future WETS expansion to deeper water depths.  This one day, WETS Industry Forum will be held at MCBH on Monday, March 26, 2012, at the Koa Malina Officer’s Club.  

The WETS Industry Forum is an opportunity for companies to collect additional information and participate in a question and answer session moderated by technical personnel with expertise in renewable wave energy technologies.  During the morning session, a representative of the NAVFAC Headquarters (HQ) Energy Office will present an overview of the current marine renewable energy goals, approaches, and constraints, and then discuss DOD policies that directly affect the wave energy development community.  
[bookmark: _Toc310580337]A NAVFAC ESC representative will summarize the technical specifications of the WETS system to familiarize the prospective developers with the existing and planned infrastructure to be made available to the developer, developer responsibilities and costs, data sharing, installation and testing framework, regulatory consents to be obtained by the Navy, hardware and personnel responsibilities to be borne by the device developer, decommissioning and demobilization requirements, and scheduling for this testing opportunity.  The representative will also address contractual arrangements, in the form of a Cooperative Research and Development Agreement (CRADA) between NAVFAC ESC and the developer, along with intellectual property and liability concerns.  Thereafter, attendees will have the opportunity to pose questions in an open forum and, if desired, in small break-out sessions.
[bookmark: _Toc315769936]Cooperative Research and Development Agreement
NAVFAC ESC will evaluate proposals and may select a developer to deploy and test the developer’s device at the WETS 30m site.  To facilitate deployment, a partnership for collaborative work between the developer and the Navy will be formalized by entering into a Cooperative Research and Development Agreement (CRADA).  The CRADA statute (15 U.S.C. 3710a) authorizes a federal facility to provide personnel, services, facilities, and equipment to support a joint Research and Development (R&D) effort and protection for proprietary information; however the statute does not appropriate funds to support the project.  The duration of a CRADA is determined by the testing window outlined in a Statement of Work (SOW) that is issued with a CRADA.  NAVFAC ESC will follow a methodology for selecting deep water site developers that will be similar to developers selection for the 30m site.  Additionally, testing at the two deep water depth sites will require CRADAs as well.
[bookmark: _Toc309364473][bookmark: _Toc315769937]OCEAN ENERGY FOR NAVAL FACILITIES
[bookmark: _Toc315769938]Purpose and Objective
The purpose of the second portion of the RFI is to gather information from ocean energy developers on methods to commercialize ocean energy in addition to wave energy, which can be implemented at coastal naval facilities.  The Navy seeks a better understanding of renewable ocean energy systems and devices currently available or under development in the private sector.  The DoN will use this information to plan for possible utilization of these ocean energy technologies as a means to reduce dependence on fossil fuel, emissions, and the environmental impact associated with the fossil fuel energy production process.
Additionally, this RFI is to gather information regarding commercial availability of seawater air conditioning systems/technology development to support DoN facilities adjacent to sufficient water resources.  The DoN seeks to understand how this technology and its potential cost and energy savings, offers alternatives to help achieve its energy reduction/renewable energy goals.   
[bookmark: _Toc309364474][bookmark: _Toc315769939]Ocean Energy Commercialization Plans
Companies responding to this section of the RFI are asked to provide an estimate or projection of when their system would likely be ready to provide or support commercial power, and what the cost of that energy would likely be based on their internal business plans.  Responses should discuss the activities required to prepare the system for commercial application (i.e., risk reduction testing, pilot demonstration, investor commitment, etc.).
[bookmark: _Toc309364475][bookmark: _Toc315769940][bookmark: _Toc309364478]Ocean Energy Developer Information Submittal
Please provide the following information when responding to the ocean energy technology section of this RFI: 
· Company Name, Address, Primary Point of Contact (name, title, e-mail address, phone numberand fax number), Secondary Point of Contact (name, title, e-mail address, phone number and fax number), link to company website, and, if desired, the names and contact information for their sub-contractors hoping to attend the Ocean Energy Industry Forum.  The number of representatives allowed to participate in the industry forum will be limited to four (4) per company.
· type of ocean energy system 
· offshore wind energy
· ocean thermal energy conversion
· wave energy
· tidal/current energy
· ocean compressed air energy storage
· other
· system description 
· include highest level of testing/demonstration attained (Technology Readiness Level (TRL)); see Sec. 1.4  
· accomplishments required prior to system being ready for commercial application
· estimated year that system will produce/support commercial power
· applicable DoN facilities (see GFI list in Sec. 2.6), with notional energy production attainable (mWHr/Yr) and projected price ($/kWHr; for a 30-year Power Purchase Agreement) for each facility
· identify if your company representatives would like to meet with Navy representatives during the Industry Forum afternoon breakout session

For cost estimating purposes, companies may assume that the DoN will provide the following:
· all environmental planning and permitting activities
· offshore power cable installation
· onshore transmission line(s) installation
· mooring hardware 
· on-shore office space at MCBH
· assistance with connection to MCBH electrical grid 
[bookmark: _Toc315769941]Sea Water Air Conditioning Supplier Information Submittal
Please provide the following information when responding to the sea water air conditioning (SWAC) section of this RFI:  
· Company Name, Address, Primary Point of Contact (name, title, e-mail address, phone number and fax number), Secondary Point of Contact (name, title, e-mail address, phone number and fax number), link to company website, and, if desired, the names and contact information for their sub-contractors hoping to attend the Sea Water Air Conditioning  Industry Forum.  The number of representatives allowed to participate in the industry forum will be limited to four (4) per company.  
· description of system, or system component, or support service
· previous accomplishments with SWAC systems, system components, or installations
· applicable DoN facilities (see GFI OTEC, Sec. 2.6)

Also of great interest are:
· typical operational life of a seawater/freshwater heat exchanger
· approximate minimum size (in cooling tons) of the SWAC systems likely needed, to be cost effective at the applicable DoN facilities; given a 30 year utility purchase agreement
· practicality of a single utility purchase agreement to include Joint Base Pearl Harbor-Hickam and also Navy Base Guam and/or Andersen Air Force Base Guam
· cost effectiveness of a combination SWAC-OTEC plant (i.e. shore-based system at Navy Base Guam or Guantanamo Bay Cuba), using one shared large diameter intake pipe, and using currently available components; given a 30-year utility purchase agreement
· given a 30-year utility purchase agreement and using currently available components, cost effectiveness of a combination SWAC-desalination-OTEC plant (i.e., shore-based system at Diego Garcia) using shared warm water intake pipe, coldwater intake pipe and return pipe 
· what is the approximate maximum discounted payback period for a SWAC system that indicates that a 30-year purchase agreement would be viable?
· characterizing cooling demands, based on local climatological data; and using warmer (than conventional) chill-water temperatures in high humidity climates
· basic maintenance requirements when operating a SWAC system
· approximate duration of design, procurement, and installation activities when implementing a SWAC system
· approaches for back-up emergency cooling in the event of deepwater pipe failure
· typical cost breakdown of operating a SWAC system vs. a conventional cooling system (i.e. capital, OM&R, electricity, water)
· advantages and disadvantages of implementing SWAC
· typical energy savings achieved compared to conventional cooling systems
· key factors that affect the commercial viability of SWAC
· history of sea/lake water air conditioning systems and deep water pipe systems 
· history of district cooling; and district cooling of residential neighborhoods
· typical operational life of a deepwater intake pipe

For cost estimating purposes, companies may assume that the DoN will accomplish all environmental planning and permitting activities.  

Identify if your company representatives would like to meet with Navy representatives during the Industry Forum afternoon breakout session.
[bookmark: _Toc309364476][bookmark: _Toc315769942]Ocean Energy and SWAC Industry Forum
NAVFAC Pacific will host a one-day industry forum to provide ocean energy developers and SWAC suppliers the opportunity to hear from government representatives regarding the objectives of DoN renewable energy goals and requirements.  In addition, developers and suppliers will have the opportunity to speak with representatives from the Deputy Assistant Secretary of the Navy - Energy and  NAVFAC.  Thereafter, attendees will have the opportunity to pose questions in an open forum and, if desired, in small break-out sessions.
This one day Ocean Energy and SWAC Industry Forum will be held at MCBH on Wednesday, March 28, 2012 at the Koa Malina Officer’s Club.  
[bookmark: _Toc309364477][bookmark: _Ref315767933][bookmark: _Ref315767935][bookmark: _Ref315768651][bookmark: _Toc315769943]Ocean Energy Government Furnished Information
	
Ocean Thermal Energy Conversion (OTEC)   (≥20° C difference in surface & deep water temp’s; ≤18.5 kilometers  from plant to grid connection)
· NSF Diego Garcia (500m water depth for 20° C difference)
· NS Guantanamo Bay, Cuba (1,000m water depth for 20° C difference)
· Naval Base Guam (500m water depth for 20° C difference)
· Andersen AFB Guam (500m water depth for 20° C difference)
· Joint Base Pearl Harbor-Hickam, HI (700m water depth for 20° C difference)
· MCB Hawaii, HI (700m water depth for 20° C difference)
· Pacific Missile Range Facility, Kauai, HI (700m water depth for 20° C difference)
· FSSC ROTHR Site, Puerto Rico (800m water depth for 20° C difference)
· AUTEC, Andros Island, Bahamas (1,200m water depth for 20° C difference)
· Ascension Island (Air Force) (500m water depth for 20° C difference)
· Kwajalein Atoll, Marshall Islands (Army) (400m water depth for 20° C difference)


	
Wave (>10 kW/m of wave face, and a high resource stability)
· NALF San Clemente Island, CA (26 kW/m)
· NOLF San Nicolas Island, CA (26 kW/m)
· MCB Hawaii (14 kW/m)

Wave (5-10 kW/m of wave face, and with moderate resource stability)
· NS Guam (9 kW/m)
· NAS North Island, Coronado, CA (8 kW/m)
· NSB, NB Point Loma, CA (8 kW/m)
· NAB, Coronado, CA (6 kW/m)
· OLF, Imperial Beach, CA (6 kW/m)
· Silver Strand Training Complex, NBC, CA (6 kW/m)
· NBVC, Point Mugu, CA (6 kW/m)
· NS Port Hueneme, CA (6 kW/m)
· Naval Postgraduate School, Monterey, CA (14 kW/m)

	
Tidal (>1100 W/m2 mean tidal power)
· NAVMAG Indian Island, Puget Sound, WA (2,090 W/m2)
· NBK Bremerton, WA (1,680 W/m2)

Tidal (100-1100 W/m2 mean tidal power)
· MCAS Beaufort, SC (160 W/m2)
· MCRD, Parris Island, SC (260 W/m2)
· NAB, Coronado, CA (280 W/m2)
· NAF Key West, FL (250 W/m2)
· NAS Jacksonville, FL (430 W/m2)
· NAS North Island, Coronado, CA (280 W/m2)
· NAS Whidbey Island, WA (180 W/m2)
· NS Mayport, FL (430 W/m2)
· NSB, Point Loma, CA (280 W/m2)
· NSY, Portsmouth, ME (280 W/m2)
· NWS, Yorktown, VA (240 W/m2)


	Offshore wind; floating platform, or fixed platform
· coastal bases




[bookmark: _Toc315769944]

System Design and Test History Summary for Shallow and Deep Water Device Developers

1. Date of Submittal
2. Company Information
a) Company Name
b) Address
c) City
d) State/Province
e) Zip Code
f) Country
g) Company Website
h) Primary Point of Contact Name
i) Primary Point of Contact Phone #
j) Primary Point of Contact Fax #
k) Primary Point of Contact Email
l) Secondary Point of Contact Name
m) Secondary Point of Contact Phone #
n) Secondary Point of Contact Fax #
o) Secondary Point of Contact Email
p) Subcontractor Point of Contact Name (if to attend the WETS Industry Forum)
q) Primary Point of Contact Phone #
r) Primary Point of Contact Fax #
s) Primary Point of Contact Email

3. Device Information
a) Device Name
b) Device Type (i.e., point absorber, oscillating water column, or spar and float)
c) Device Description (describe power take-off/generation)
d) Surface Component Description (i.e. spar, barge, ship-shape hull, etc.)

4. Physical Properties 
a) Length  (m)
b) Width (m)
c) Height (m)
d) Height above water surface (m)
e) Draft (m)
f) Weight (kg or tonnes)

5. Mooring System
a) Mooring configuration (i.e., tri-moor, 4 point moor, tension leg, monopole, etc.)
b) Mooring loads
· Peak operational loads (kN).  Using the 25-year return period data in Tables 1 and 2, calculate the maximum mooring line loads on the device.
· Survival Loads (kN)  Using the data in Table 3, calculate the maximum mooring loads during hurricane conditions.

c) Range of operational water depth (m)

6. Electrical System
a) Maximum rated output of generator system (kW)
b) Generator/device transmission voltage (kV)
c) Power factor
d) Power transmission method (i.e., AC or DC)
e) Wiring configuration for AC power transmission (i.e., Y or Delta)
f) Maximum expected power output (kW). Using the 25 year return period data in Table 1, calculate the maximum expected power output of the device.
g) Projected annual power output (kW). Using the conditional probability data in Table 4, calculate the expected total annual power output of the device.
h) Projected annual energy output (MWh)
i) Projected availability (%)
j) Projected capacity factor (%)

7. Previous Testing History
a) Has the device been previously tested in the ocean?
b) Was power generated?
c) If power was generated:
· Was the device connected to a utility power grid?
· Duration of test
· Maximum power output
d) Is a test report available?
e) Technology Readiness Level (TRL) as a measurement of the maturity of evolving technologies
· TRL 1 – basic principles observed and recorded
· TRL 2 – technology concept and/or application formulated
· TRL 3 – analytical and experimental critical functions validated
· TRL 4 – component and/or breadboard validation in laboratory or wave tank environment
· TRL 5 – component and/or breadboard validation in a relevant environment (wave tank or ocean)
· TRL 6 – System, subsystem model or prototype demonstration in a relevant environment (wave tank or ocean)
· TRL 7 – Full-size system prototype demonstration in an ocean environment
· TRL 8 – Actual system (full size) completed and performance verified through test in an ocean environment
· TRL 9 – Actual system (full size) deployed on or in the ocean has performed reliably under design conditions over extended period

8. Device Installation Support Requirements
a) What ship and crane assets are required?
b) Pre-deployment staging area requirements
c) Pier side logistics support requirements
d) Would the WEC be built/assembled in Hawaii or shipped ready to install?

9. Daily Operations Support Requirements
a) Explain logistic support requirements for daily operation of the WEC
b) Would developer staff remain in Hawaii full time or periodic?
c) Office Space needed for staff and computer equipment (size)
d) Office space utility, air condition, electrical needs

10. Environmental Related Information
a) Does the device produce heat? If “Yes” – how much? 
b) What are the noise levels above and below water?
c) Are there any fluids or chemicals on board that could leak into the environment?

11. Operations Schedule
a) Tentative operations schedule to include installation planning, mobilization, installation, operations, and maintenance (estimated length of deployment), and demobilization.

12. Published Documents
a) Provide published documents (either provide electronic copies or web links to documents relating to the WEC device)

13. Cost-sharing Plans
a) Outline plans/commitments to partner and cost-share with either government or private organizations.
b) Discuss life-cycle costs to purchase and maintain the device.  

14. Published Documents
a) Outline plans/commitments to partner and cost-share with either government or private organizations.

15. Industry Forum
a) If attending the Industry Forum, indicate your company’s level of interest in meeting in a break-out session with Government representatives to discuss your WEC device and plans for deployment.

b) Indicate the person(s) to represent your company during the Industry Forum.  The number of representatives allowed to participate in the industry forum will be limited to four (4) per company.

c) Indicate if your company will attend only one day (which one) or all days.


In addition to providing responses to Questions 1-15, Deep Water Wave Energy Device Developers are requested to provide responses to the following questions:

16. Suitability of 3-point mooring configuration.
a) Discuss the suitability of this type of mooring configuration with respect to a surface float, sub-surface float or full catenary mooring.  Otherwise, provide your company’s vision of an ideal mooring design.
b) If your company’s device does not require floats, alternatively describe with text and figures the mooring configuration you plan to use at the site.

17. Customized mooring configuration.
a) Discuss the feasibility and cost effectiveness for your company to either supply its own customized mooring or connect into a Navy-provided universal mooring that will have been designed to maximum loading forces as estimated by the responses to this RFI and other Navy research.







[bookmark: _Toc315769945]
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[bookmark: _Ref307402455]Figure 1.  WETS 30m water depth location () and potential deep-water locations ().


[bookmark: _Ref307402853]Appendix B
Table 1.  Return periods versus wave heights.
	Return Period (years)
	Wave Height (meters)
	Period (seconds)

	2
5
10
25
	4.5
4.8
5.0
5.3
	11.5
11.5
11.5
11.5




[bookmark: _Ref307402856]Table 2.  Return period versus wind speed.
	Return Period (years)
	Peak Gust
(m/s (knts))
	1-Minute Wind Speed (m/s)
	10-minute Wind Speed (m/s)

	2
5
10
25
	23.7 (46.0)
29.9 (58.1)
34.2 (66.4)
39.5 (76.8)
	19.5
24.6
28.2
32.5
	15.7
19.8
22.6
26.1




[bookmark: _Ref307402858]Table 3.  Summary of hindcast hurricane wave conditions.
	
	Model Hurricane

	 Wave Period:
     Significant Wave Period (sec.)
     Average Wave Period (sec.)
	
11.5
  8.0

	Deepwater Wave Height:
     Significant Wave  (m)
     Maximum Wave  (m)
	
  8.4
14.9

	Wave Height at 30-Meter Water Depth:
     Significant Wave (m)
     Significant Wave Crest Elevation (m)
     Maximum Wave (m)
     Maximum Wave Crest Elevation (m)   
	
  7.7
  4.5
13.6
  9.8






Appendix B
[bookmark: _Ref307402860]Table 4.  Conditional probability of occurrence of wave height and period.

	
	
	
	Period (sec)
	

	
	Range

	
	2.0-4.0
	4.0-6.0
	6.0-8.0
	8.0-10.0
	10.0-12.0
	12.0-14.0
	14.0-16.0
	16.0-18.0
	18.0-20.0
	20.0-22.0
	22.0-24.0
	TOTAL

	
	
	Mean Value
	3
	5
	7
	9
	11
	13
	15
	17
	19
	21
	23
	

	Significant Wave Height (m)
	0.0- 0.3
	0.15
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	0.3- 0.6
	0.45
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	0.6- 0.9
	0.75
	0
	0
	0.36
	0.05
	0
	0
	0
	0
	0
	0
	0
	0.41

	
	0.9- 1.2
	1.05
	0
	0.25
	2.44
	1.97
	0.58
	0.26
	0.11
	0.03
	0
	0
	0
	5.64

	
	1.2- 1.5
	1.35
	0
	2.54
	4.86
	5.14
	2.61
	1.19
	0.38
	0.11
	0.06
	0.02
	0.01
	16.92

	
	1.5- 1.8
	1.65
	0
	2.81
	5.75
	8.61
	2.48
	1.19
	0.54
	0.1
	0.13
	0.02
	0
	21.63

	
	1.8- 2.1
	1.95
	0
	1.51
	6.34
	8.54
	2.17
	0.7
	0.61
	0.25
	0.14
	0.01
	0
	20.28

	
	2.1- 2.4
	2.25
	0
	0.2
	5.22
	6.67
	1.22
	0.38
	0.78
	0.2
	0.14
	0
	0
	14.82

	
	2.4- 2.7
	2.55
	0
	0.07
	2.97
	4.59
	1.34
	0.25
	0.49
	0.24
	0.06
	0
	0
	10.01

	
	2.7- 3.0
	2.85
	0
	0
	0.92
	2.87
	1.22
	0.2
	0.13
	0.11
	0
	0
	0
	5.45

	
	3.0- 3.3
	3.15
	0
	0
	0.2
	1.29
	1.19
	0.09
	0.01
	0.01
	0
	0
	0
	2.8

	
	3.3- 3.6
	3.45
	0
	0
	0.05
	0.59
	0.63
	0.02
	0
	0
	0
	0
	0
	1.29

	
	3.6- 3.9
	3.75
	0
	0
	0.02
	0.24
	0.21
	0
	0
	0
	0
	0
	0
	0.47

	
	3.9- 4.2
	4.05
	0
	0
	0
	0.09
	0.07
	0
	0
	0
	0
	0
	0
	0.16

	
	4.2- 4.5
	4.35
	0
	0
	0
	0.08
	0.02
	0
	0
	0
	0
	0
	0
	0.11

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	TOTAL
	0
	7.38
	29.15
	40.75
	13.73
	4.29
	3.06
	1.06
	0.52
	0.06
	0.01
	100
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