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Purpose of this project

e Provide for testing tidal power turbines and marine instruments
e Generate new industry in Homer
 Generate revenue

 Encourage tidal power generation in Alaska

ORPC TidGen




Project Scope

Identify opportunities

Develop criteria

Formulate and compare alternatives

Provide a 35% design of preferred alternative

City of Homer, small boat harbor



Location and vicinity

e This project is located at the Deep Water Dock in the City of
Homer, Alaska.
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Tidal Energy Overview

* Increasing demand for alternative sources of energy
e Alaska has 90% of U.S. tidal energy potential
 ORPC Bay of Fundy tidal energy project

« ORPC'’s Cook Inlet Tidal Energy Pilot Project

* Potential to power 2,300 Kenai Peninsula homes

ORPC RivGen



Site Characterization

e Uni-directional current

e Relatively low water velocity (2 knots)
» Tide range average of 18ft in height Flood fide
e Pilot study on fish survival Ebb tide ‘\

 Minimal ecological impact



Presenter
Presentation Notes
A further analysis of kachemak bay tidal ebb and floods concluded that a maximum current at the deep water dock is 𝑣≈2  kn ≈1.03   𝑚 𝑠  . 

When they put fish through a narrow area with a turbine, they found a large correlation between blade length to width ratio and strike speed concerning fish survival rate. Also, the length of the fish played an important role in its survival as well. After sending the fish through the turbine, they put them in a tank for 96 hours to determine what the total survival rate was. For their pilot scaled turbine running at 240 rpm, the survival rate for most fish was over 90% for fish upwards in length of around 8 inches.


Existing Site Conditions

 Deep water dock built in 1988

e 2 pilings and beams added for wood chip conveyor



Presenter
Presentation Notes
Active dock
Talk about water pipe
Not a UFO


Design and Evaluation Criteria

e Functional Performance
e Accommodate multiple R/D designs.

» Easily deploy testing devices.

e Structural Stability
* Must withstand dynamic and static loads.

 Protect instrumentation and data collection devices.



Presenter
Presentation Notes
Functional Performance
System must accommodate multiple R/D designs.
Lifting system must easily deploy testing devices.
Must simulate most field conditions and constraints.
Structural Stability
Must withstand vertical and horizontal dynamic and static loading in conjunction with corrosion, fatigue, and fracture fail modes. 
Must provide for protection of instrumentation and data collection devices.
Economical Profitability
Operation and Installation costs must be minimized as not to exceed R/D revenue constraints.
Environmentally Safe
Power Generation fuel and mechanical system hydraulic fluid must be able to be reasonably contained against possible pollution.
Hydrokinetic devices must not adversely affect the marine life surrounding the test station


Design and Evaluation Criteria

e Economical Profitability

 Minimize operation and installation costs.

e Environmentally Safe
* No site contamination.

 Must not adversely affect marine life.



Presenter
Presentation Notes
Power Generation fuel and mechanical system hydraulic fluid must be able to be reasonably contained against possible pollution.



Design Alternatives

Three alternatives were developed

e Dock mounted
 Barge mounted

Pontoon mounted

Barge mounted



Dock mounted

and cable

Advantages rail

 Revenue
e Interconnection compatibility
e Increased range of generators that could

trestle

be tested —
. . : restle
Available e1eqtr1c power test turbine support
* Enclosure options . —— ] piling

e Available structure
e Client preferred
e Long-term site monitoring

Disadvantages |

* Moderate and unidirectional current turbine
i rmounting

 Higher freeboard asin

 Maintenance of deployed ocean sensors end




Floating

Advantages Disadvantages
 Transportation * Generator system required
e Instrumentation access e Anchoring system

e Access to higher currents * Data collection

* Access to different environments  Long term testing




Final Test Station Design

 Dock-mounted option selected for final design
e Test turbine assumptions

« 10ft length and diameter cylinder

« Max weight = 30,000 1b

e Electrically similar to a wind turbine




Structural support

 SAP 2000 model of Deep Water Dock
e Cantilevered extensions

e Connections

 Decking design

ADD CANTILEVER BEAMS \

EXTEND CONCRETE DECK (x1) —

ADD BUILDING —/

EXTEND CONCRETE DECK (x3)

DECK ADDITION PLAN
SCALE: 1:200




SAP2000 Model

o Utilized to ensure structural stability under the
increased load

o Entire load supporting structure of dock modeled

o Close to same properties as real structure
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Presentation Notes
A SAP2000 model was built to determine if the extra loads from the test station and tidal generators would adversely affect the structural integrity of the dock. 

For this model of the structural components of the dock, components were kept as close to real as possible with the entire dock considered. 

The as-builts were used to model the dock in 3D and to define elements as realistically as possible – Including joint and element constraints and restraints for connections. 



SAP2000 Model Cont.
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Presentation Notes
Mainly mention that we included all of these loads and used modified load cases from ASCE-7 in conjunction with some modifications. Using those load cases, we compared them for with and without the cradle mechanism to find the difference in force, which wasn’t much relatively. The figure is just the cradle mechanism load case.

I’m pretty sure that SAP2000 just adds loads together so we could have just taken the cradle mechanism load, I think. Just tell them it’s my fault and you didn’t create the SAP2000 model if they ask about it. Also, the next slide explains more about what I did. 

If you have plenty of time you can mention some of these things: 
Load cases were assigned utilizing ASCE-7 Load Resistance Factor Design load combinations 2 and 5, modified to include fendering energy from the dock fenders, current, breaking wave, ice, and cradle mechanism to find the increase of force intensity of stress on the dock from the cradle mechanism vertical and horizontal loads. SAP2000 influence lines were utilized to determine the most significant area to place forklift and truck loads. 

Adding nodes at sea level and ground level was necessary to apply current, wave, and ice loads and also to apply a soil spring constant to the necessary area of the piles that are underground (if you want to talk about the figure). 



SAP2000 Model Cont.

« Maximum of each element type

considered for moment and axial
e Trestle C - 2.5% Max.
e Diagonal Pile — 2.5% Max.
e Vertical Pile 5% Mazx.
o Increase of force negligible compared
with nominal strength



Presenter
Presentation Notes
The difference in force from the cradle mechanism was divided by the cross-sectional area multiplied by the strength. 

Maximums of each type of element were considered with this method for bending moment forces in both directions and axial force. Vertical pile % Increases did not exceed 5%, diagonal pile % increases did not exceed 2.5%, and trestle C beam % increases did not exceed 2.5%. These are very low values in comparison with the strength of each element and it is unlikely that a complete overhaul of the Homer Deep Water Dock for the increased load from the test station would be required. 

Probably also mention that it is recommended that a licensed structural engineer analyze the dock, yet I’m sure you’ll do that somewhere else. 

If they have any questions, just tell them that you didn’t do the SAP model – Make them get after me instead. :S 


Cradle Mechanism

Options:

Rack and Pinion

Worm gear screw lift
Chain lift

Scissor lift

Cable lift

Hydraulic ram

20


Presenter
Presentation Notes
Revise to a bulleted list of just the options.


Cradle Mechanism

» We chose the cable lift system:
> Simple Construction.
- Cost Effective.

> Reliable.
> Available technology.

i

v




Structural System

» Evaluated two structural systems.

Static Rail Telescoping Rail

22



Cradle Deployment System

» Static Rail System:
> Simple construction.
> Stability.
> Minimal material.

test turbine

turbine
mounting
frame

winch
and cable

trestle

trestle

| support

end

piling

23


Presenter
Presentation Notes
Describe the drawing to the audience.


Cradle Deployment System

» Telescoping Rail System:
> Limiting factors.
- 50 to 60 foot vertical
span.

- High stress
concentrations for pads.

- Harmonic loading.

Guide Channel

Extended Cantilevered
Channel System

Structural Steel
Sliding Member

24



Final Cradle System Design

» Chose the static rail system:

> Supported by structural

webbing between piles.

> Cable winch system.

25



Interconnection Characteristics

Accommodates both AC & DC machines
Interconnection rated for generators with:
e ~4KkW peak power output

e Up to 400VAC or 50 - 580VDC

Utilizes wind turbine technologies

Must meet requirements of:

e HEA’s*“Electric Service Requirements (Service Assembly
Guide) 2009”

 IEEE standards 1547: IEEE Standard for Interconnecting
Distributed Resources with Electric Power Systems.

e UL 1741 Inverters, Converters, and Controllers for Use in
Independent Power Systems.

« Aswell as NEC, NECS, IEEE 1547.1-6,IEEE 519




Interconnection Components

Site Transformer
Manual Disconnects & bi-directional meter
Inverter

Optional Load Bank Connections
AC or DC generators

PR

AURORA




Interconnection One-Line
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Interconnection Considerations

» When new machine connected, must have
commissioning tests preformed (IEEE 1547.1)

» HEA requires 45 days of notice




Oceanographic Instrumentation

 Deployment System
 QOceanscience Sea Spider
e Mounting for multiple instruments
* Placed in two locations

Oceanscience Sea Spider
WWW.oceanscience.com



Oceanographic Instrumentation

» Water velocity
» Placed in two locations
» Measured with Acoustic Doppler Current Profiler (ADCP)

« Water conductivity, temperature and depth
» Used to determine water salinity
* Monitored with a CTD sensor

edyne Workhorse ADCP Conceptual view of ADCPs

instruments.com www.pge.com



Oceanographic Instrumentation

Picture taken by Scott McMurren. Commons.wikimedia.org

*Water turbidity - the cloudiness of the water
sAmount and size of suspended particulates
Measured with an Optical Backscatter Sensor (OBS)

*Scouring of the seafloor
*Monitored with underwater camera system




Oceanographic Instrumentation

*Noise produced by the hydrokinetic device
*Assessed with hydrophone

Wildlife activity near the test site
*Monitored with camera & hydrophone
‘Humpback whales
*Orcas
*Beluga whales
*Salmon

www.makoswatertaxi.com




Power Instrumentation

 Determine the power output of the generator.
 Monitor the interconnection system.
» Electrical properties to be monitored:

 AC voltage and current

 DC voltage and current

Veris H721LC
www.veris.com




Power Instrumentation

« Interface with a data logger.

« Accommodate either AC or DC generators.

« Measure a wide range of voltage, and current:
o Stage 1: 400V, 20A
e Stage 2: 600V, 40A
o Stage 3: 300V, 30A

e Instruments used:

« Voltage Transducers

e Current Transformers

Veris H970LCA
WWW.Veris.com




Power Instrumentation Wiring Design

Dell S2440L
24-inch HD Monitor

Dell 52440L
24-inch HD Maonitor

Rechargeable . American Power
Base fo Scientific Conversion 1000 Volt
’ CR3000
CR3000 ) . Amps UPS System
Micrologzer Dell XPS 8300 (Battery Backup)
Desktop Computer
Stagc 1. AC Slﬂgﬂ 2.DC
voltage voltage ®
:T] 20V ac :?120‘.-’3{: :? 120%ac
Flex-Core Flex-Core Flex-Core
NT7-D08E VT7-010E VT7-(RE
Voltage Voltage Voltage To HEA
Transducer Transducer Tranzducer Grid
. Veris
Veris HZ1LC WVernis H321 HYTOLCA
Current Current Current
Transformer Transformer Stage 3, AC Transformer
voltage

IDEC PS5R
Power Supply




Conclusion and Recommendations

The Deep Water Dock at the City of Homer is an ideal location for a
tidal turbine and marine instrumentation test station.

e Complete site characterization

e Biological activity monitoring

e Full site and structural inspection
e Detailed cost estimate




Questions
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