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Presenter
Presentation Notes
My emphasis will be on offshore shellfish farming (outside of estuaries or coastal bays and estuaries).
This currently comprises only a small part of production.
But it is a fast growing sector.


Tasks for Automation are
Similar for Shellfish and Fish

Cleaning fouled cages, flipping cages
Buoyancy adjustments, gear orientation
Monitoring gear and water quality
Sorting product by size, quality



International context for mussel aguaculture

2 million metric tonnes of annual production (live wt of 6 spp.)
— Chinais largest producer - 1/3 of total

Next largest producers are Chile, New Zealand, Spain, Canada
— Chile = 300K tonnes/yr
— Spain = 200K tonnes/yr
— N.Z. = 100K tonnes/yr ( 5,500 ha leased) - export =$185 M
— Canada = 18K tonnes/yr, $23M value (PEI alone = 4,000 ha)

Domestic Farmed Production and Market
- US =1 K tonnes/yr
— Imports to US worth $80 million per year


Presenter
Presentation Notes
Mussel centric emphasis of this talk stems from my direct experience.
But scallops and seaweed are also cultivated offshore.


e Submerged Longline System Design with Mussel Growout Harness

Anchar Pickup Buay



Presenter
Presentation Notes
Here is a diagram of the longline grow-out system which has allowed production to move offshore. It is basically exactly what it looks like (this shows a continuous sock where sometimes single droppers are used)– a long line, anchored at each end with a series of dropper lines which get socked with mussels. The mussel droppers are supported in the water column by spaced floats along the head rope. All that is visible from the surface – is two buoys at either end – the same as lobster gear.  The anchor and chain produce opposing forces that help keep the headrope submerged and level if the buoyancy along the headrope is managed properly – this requires regular checking and adjustment. 



Catalina Sea Ranch — 100 acres off Southern CA



Presenter
Presentation Notes
Here is a useful visual showing what longline shellfish culture can look like above and below the water. 
This is an early rendition of the farm that Catalina Sea Ranch proposed based on common inshore NZ farm designs.
Only in protected waters would you typically see many surface buoys.
Offshore farms typically have most of the buoys and the headrope submerged 2 to 6 m below the surface. 
This picture also shows lantern nets which may house scallops or oysters.
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Presenter
Presentation Notes
Put in perspective – this is 3,800 acres or 1,500 hectares farmed for mussels in the SW UK. It is lmost 4 times the acreage leased in MA.
China has developed over a 1,000 times this area for marine farming.  And another 5 or 6 times that for freshwater farms.
Catalina shown before is one of the largest aquaculture farms with 100 acres
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Presenter
Presentation Notes
Most mussel farming around the world takes place in protected coastal waters. For instance most of the farms in the NE US are tucked into the bays in ME and RI.This figure helps to place us geographically in the Southern New England region of the US. Mussel farming is currently taking place in the offshore waters of RI and MA where the stars are placed.
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Nantucket Sound Mussel Farm
Detailed plan for shellfish longlines

16" surface corner buoy 15 L buoy Center Pickup Line and 16” buoy (or

(or larger) and line \ /arger) with 1 meter of sheathing below
completely sheathed below M/

Two 24" submerged corner buoys

each with 113 kg buoyancy or
equivalent buoys

4 m helical anchors O O l O Q @)

spaced 5 m apart ‘ ‘ ‘

v

22.4

\ Mussel growing socks suspended every 1 m Anchor line
10m to next
longline
< ~145 m of 1" polysteel >

% E < ~185m


Presenter
Presentation Notes
These are the plans for Nantucket Sound and is similar to what has been installed off Newport with screw anchors.
Screw anchors are becoming the favored cost-effective anchor with holding power.
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Novel cost-effective anchor installation
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Presenter
Presentation Notes
Here is an innovative anchor installation system. It can be deployed from normal boat.


Offshore Mussel Farming
Market size in ~ 1 yr.

Robust, cost-effective
anchor & buoy
engineering



Presenter
Presentation Notes
Emphasize that we need better ways to monitor spat fall.
We’ve had peak spat falls vary between February and May in Narragansett Bay for instance.


Automated Task #1
— Larval Sampling

CPICS: Continuous Particle Imaging
and Classification System

Set up on a on-site buoy or AUV
Predict better timing of seed set and
When to hang collecting rope



ASV/Depth sounder for checking lines

i u.*la.mu.u.n...”““d“,!

Socks wrapped around
the headrope after
Super-storm Sandy

LTS

YIS
SIMRAD EQ42


Presenter
Presentation Notes
Combining a automated surface vehicle with a depth sounder and recording device could save a lot of time surveying a remotely placed farm.


Low-cost accelerometer/current meter
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Presenter
Presentation Notes
This could be a useful means for site selection or the effect of deploying gear in certain arrangements.
Records speed and direction (bearing)
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Predation from Ducks

#1 concern for mussel farms |

Ducks can eat or knock-off all - bﬁ
seed and large proportion of market-sized mussels

Non-automated ways of scaring are expensive

Need multi-modal ways to be effective?
— Shock and Awe (light and sound)?




Green Laser in Action
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Automated scaring with laser

SaveWave -5';( h's
She " SAVER
Automated

TIME

TIMESLOTS

@

00-12:15

BATTERY

SER

POSITION

WAY

min

Paltern 03

PATTERMS.

TIMESLOTS

>
>
o
>
(>
G
(>
(>

Pattern 01

Pattern 03

Pattarn 04

Pattern 05

Pattern 06

Pattarn OF

Pattern 08

INTERVAL

SETTINGS

OO00OOOOO

Pattern 09

Pattern 11

Pattern 12

Pattern 13

Pattern 14

Pattern 16

LOG ouUT




%)
&
S
(O
LL
Q
S
>
+
>
O
(qV)
>
o
<
e
C
(qV)
>
o0
S
D
C
LL]
D
C |
=
(qV)



Presenter
Presentation Notes
This is a double entendre. Many of the automation applications we’ve presented today would benefit by having in situ energy generation for powering or recharging systems.  Siting in offshore wind farm arrays may eventually allow that.  But smaller integrated power generation systems might be better suited for aquaculture.


Marine Energy Generation

Need to look at appropriate scales of energy
generation to keep batteries charged on
robotics and automated functions

Compressed air
generation may
be viable power
storage and use




Remotely adjustable buoyancy?
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Presenter
Presentation Notes
What if you could remotely adjust the buoyancy of your farm in advance of a storm? Could you wirelessly activate a valve to selectively flood some of your floats so the array would sink below the waves? You’d need a second valve with which to expel the water once you re-filled them with the compressed air. Perhaps one of the end buoys could be (or connected to) a compressed air generating buoy and controller connected to the rest of the buoys.


Sugar Kelp Farming
Gaining popularity in US food markets
MBL piloting sugar kelp farming this winter
Big automation and materials handling challenges

© Kim and Yarish
University of Connecticut i




Future
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Automated Mussel Husbandry Practices
Declumping and Grading Seed



Presenter
Presentation Notes
Declumper, elevator/conveyor and grader suitable for seed or market-sized product


Automated Mussel Seed Socking




Automation at Work



Acoustic Ranching?
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