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Resolving ñOffshoreò: Distance vs. Exposure

Buck, B. H., Bjelland, H., Bockus, A., Chambers, M., Costa-Pierce, B. A., Dewhurst, T., Ferreira, J., Føre, H. M., Fredriksson, D., Goseberg, N., Holmyard, J., Isbert, W., 

Krause, G., Markus, T., Papandroulakis, N., Sclodnick, T., Silkes, B., Strand, Å., Troell, M., Wieczorek, D., van den Burg, S., Heasman, K. . Resolving the term ΨƻŦŦǎƘƻǊŜ 

ŀǉǳŀŎǳƭǘǳǊŜΩ by decoupling ΨŜȄǇƻǎŜŘΩ and ΨŘƛǎǘŀƴŎŜ from ǎƘƻǊŜΩ for managers and policy makers. Journal of the World Aquaculture Society. In preparation.
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Exposure Index

Lojek, O. Goseberg, N., Moe Fore, H., Dewhurst, T., Bölker, T, 

Heasman, K, Buck, B, Fredriksson, DW, Rickerich, S, A quantified 

approach to assessing hydrodynamic exposure of mariculture sites. 

Journal of the World Aquaculture Society. In preparation.
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Lojek, O. Goseberg, N., Moe Fore, H., Dewhurst, T., Bölker, T, Heasman, K, Buck, B, Fredriksson, 

DW, Rickerich, S, A quantified approach to assessing hydrodynamic exposure of mariculture sites. 

Journal of the World Aquaculture Society. In preparation.

Figure 9: Specific Exposure Energy (SEE) for 50-year 
surface currents and wave induced velocities.

Distance from Coast vs. Exposure Energy
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Exposure Index: Resources
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Exposure Index: Resources
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Saco Bay, Maine: 
Umaro Foods/UNH/Kelson/UNE/ Otherlab/ StationKeep/Holdfast
ï0.6 km offshore (2.5 km from mainland)
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Sponsored by US DOE ARPA-e MARINER via Trophic LLC and the University of New Hampshire

Tip: 
Peak loads can 

occur at low tide!

Tip: 
5ƻƴΩǘ ǳǎŜ ǘȅǇƛŎŀƭ 
ITTC / Jonswap 
wave spectrum 

for shallow water 
sites

Saco Bay, Maine: 
Umaro Foods/UNH/Kelson/UNE/ Otherlab/ StationKeep/Holdfast
ï0.6 km offshore (2.5 km from mainland)

ïSpecific Exposure Energy of 5.1 J/kg
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ColocationɂFloating Offshore Wind

Coleman, S., St. Gelais, A. T., Dewhurst, T., Fredriksson, D. W., Cole, K. L., MacNicoll, M., Laufer, E., & Brady, D. C. (2023). 
The techno-economics and carbon emissions of open-ocean kelp aquaculture: a case study on scale. In preparation.

Å5.5 km offshore 
(16km from 
mainland)

ÅSpecific Exposure 
Energy of 7.1 J/kg
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Engineering for Co-location

Å3 Aspect Ratios considered
ïAll farms have same area

ÅDesign C has most growline
ïWill produce most biomass
ïWill experience highest 

loading

Design Aspect Ratio Total Grow-Line

A 1.6:1 10.7 km

B 2.5:1 14.7 km

C 10:1 35.9 km

Coleman, et al. 2022. άvǳŀƴǘƛŦȅƛƴƎ ōŀǎŜƭƛƴŜ Ŏƻǎǘǎ ŀƴŘ ŎŀǘŀƭƻƎƛƴƎ 
potential optimization strategies for kelp aquaculture carbon 
ŘƛƻȄƛŘŜ ǊŜƳƻǾŀƭΦέ Frontiers in Marine Science.
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Engineering for Co-location

Å Offshore sites: 
ï Deeper water

Å Exposed sites:
ï More severe wind, waves, currents

Å Typical ocean structural modeling 
techniques insufficient
ï Cultivation systems comprised of flexible 

ropes, biomass, moorings
ï Nonlinear wave, current forcing

Å Hydro-Structural Dynamic Finite Element 
Analysis (HS-DFEA) approach
ï Solves equations of motion at each time step
ï Nonlinear methods for large displacements

Å Software
ï Commercial engineering codes
ï Development of Kelson open-source tools: in 

progress

Design ADesign BDesign C1. Calculate structural capacities

2. Identify required structural components

3. Results drive techno-economic model
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Engineering for Co-location

Contact and Tangling


