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Background

* |IDOM baseline design was initially simulated in larger array layouts in OrcaFlex,
but encountered computational challenges
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* Objective: Design and model cost-effective mooring systems for the IDOM
WEC device in N x M array configurations to determine the changes in
mooring system cost as more WECs are added to the arrays. NREL | 3



Array Layout and Mooring System Assumptions

* What is the design problem?
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(3) Only have “in-line”, or diagonal, anchored mooring lines
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Site Conditions: PacWave

* PacWave (off the coast of
Oregon, USA) has suitable
metocean conditions for testing

* Water Depth =70 m

 Two extreme load conditions
were used for this analysis.
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Image from PacWave (https://pacwaveenergy.org/)
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Modeling Approach

N _ _ | MoorDyn Representation
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MoorDyn and OrcaFlex Verification

Simulated the baseline design in MoorDyn and OrcaFlex in EC9 load condition
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Mooring Constraints

—— MoorDyn  —— OrcaFlex
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OrcaFlex was determined to be the more reliable tool
Developed correction factors for dynamic constraints (offset, strength, etc.).
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Mooring Design Process

WEC array layout

description

Quasi-static anchor line
design optimization

Dynamic analysis with
correction factors

MoorDyn/OrcaFlex verification
for correction factors
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Cost
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Array Layout Mooring Systems That Meet All

Dynamic Constraints in Response to EC9

Various N x M arrays were designed using the previous design process, simulated in
MoorDyn with correction factors in EC9 load condition, until constraints were met

1x1 2%2 2x3\|T - / 2)(4\ [ | l / 2x5 i b l/
/’_k / l ' 9K _\

. \'\/

AT A
MoorDyn
MoorDyn with Correction Factor

NREL | 9



Array mooring systems with line adjustments that

meet all dynamic constraints of EC9 and EC3

* Then, the mooring line lengths and diameters were adjusted based on EC9 and

EC3 load conditions to save costs.

Normalized Mooring System Properties and Costs

1x1

(Original) 2x2 2x3 2x4 2x5 3x3 4x4
A"Chm(_{a;p“ing 100 1100 1100 1100 1100 1.100 1.100
ChainLength () | 1.00 0986 0998 1.002 1.007 0579 0.981
5;“;32:‘?1] 100 0979 1004 1238 1491 1116 1346
D"i'ﬁngt:fi(’f} 100 0979 0750 0875 1000 0938 1188
PD"-"‘*ST_; Length | 440 1439 1335 1282 1202 1450 1528
Dli:;rE;itf(r—} 100 1296 1318 1526 1745 1419 1621
M"“g’;its?_’fte"' 1.00 259 248 382 578 445 791
Mooring System 1.00 065 041 048 058 049 049
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Cost Trends, Conclusions, Future Work

Normalized System Cost (-)
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Line strength is the driving constraint in shallow water dynamic environments
Costs include only material costs and no installation or O&M costs
Adjustments to lines in EC3 lowered costs but did not alter cost trends

o
N

Future design work: different line types (e.g., nylon), different water depths,
varying floating cell properties, refining OrcaFlex and MoorDyn differences, etc.
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Q&A — Thank you!
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