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(57) Abrege/Abstract:
In some embodiments, an apparatus for aquaculture includes a support structure defining an interior region. The support structure

Includes a first support member disposed In a first plane, a second support member disposed In a second plane orthogonal to the
first plane, and a third support member disposed In a third plane orthogonal to the first plane and the second plane. A mesh
material Is disposed In the interior region of the apparatus and Is coupleable to the support structure. The mesh material defines a
containment volume suitable for cultivating aguatic organisms. A plurality of tensioning members are configured and disposed to
couple the mesh material to the support structure. Each of the tensioning members are coupled to the mesh material and at least
one of the first, the second and the third support member, and configured to provide tensile loading on the first, second and third
support members.
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(57) Abstract: In some embodiments, an
apparatus for aquaculture includes a support
structure defining an interior region. The
support structure includes a first support
member disposed in a first plane, a second
support member disposed m a second plane
orthogonal to the first plane, and a third
support member disposed 1 a third plane
orthogonal to the first plane and the second
plane. A mesh material 1s disposed in the
interior region of the apparatus and 1is
coupleable to the support structure. The
mesh material defines a containment
volume suitable for cultivating aquatic or-
ganisms. A plurality of tensioning members
are configured and disposed to couple the
mesh material to the support structure. Each
of the tensioning members are coupled to
the mesh material and at least one of the
first, the second and the third support mem-
ber, and configured to provide tensile load-
ing on the first, second and third support
members.
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AQUACULTURE CONTAINMENT PEN

{ross-Reference to Related Applications

{3001 This apphication claims priority to and the benehit of U.LS. Provisional Paient

Application No. 01/781,096, entitied “Aquaculture Containment Pen,” filed March 14, 2013,

the disclosure ot which 18 incorporated herein by reference mn its enbirety,

Background

{082} Embodiments described heremn relate generally to devices, systems and methods
for cultivating aquatic organisms, and more particularly to contaimment pens for use in

cultivating aquatic organisms.

{60031  Finfish aquacuiture and other marme hife aquaculture typically utilize ponds or net
pens {0 contain aguatic orgamsms. A typical net pen used 1 open water generally consisis of
a net suspended from a structure {e.g., a circular plastic collar) floating on the surface of the
water, The walls of the net extend vertically from the water’s surface to a depth of typically

6 to 20 meters, and then across the bottom to form the containment pen.

{30041 The nets used in these conventional containment pens are quite large. When they
are dry they can weigh several tons and at the end of g growing cyele they can weigh 20 tons
or more owing to the fouling from marine organisms such as algae and mussels. There 18 no
practical way to clean these nets underwater, and handling of these large nets for reparr and
mainicnance presents numerous logistical and economic challenges for aguaculture operators.
Furthcrmore, ocean currents and wave action can cause deformation of the suspended nets,
which can result 1o pockets where predators such as sharks and seals can push m to bite fish
and/or tear the net. To prevent predator attacks and damage to the contamumnent net, a heavier
and coarser secondary predator net s often used to entirely encapsulate the contamment net.
The predator net 1s typically suspended from the outside of the floating circular collar, and
the contamment net 1s suspended from the mnside of the collar. A third net 18 sometimes
strung above the surtace of the contamnment pens to prevent predator birds {€.g., osprey,

cagles, heron, gulls, etc.} from accessing to the pens from the ar,

GGOS] Thus, there 18 a need for new aquaculture contaimment pens that can overcore the
imitations of conventional suspended net containment pens and oficr greater location

Y

tHlexability {(e.g., farther offshore), arc resistant to predation, are casy fo clean at the surface



CA 02903130 2015-08-28

WO 2014/159830 PCT/US2014/0252735

and are casily mancuverable and transportable for operation and maintenance, yet remain cost

competitive with the conventional suspended net contamraent pens.

Summary

33861 mbodiments described herein relate gencrally to devices, systems and methods
tor cultivating aquatic organisms in a contamment pen.  In some embodiments, an apparatus
includes a support structure defining an nterior region. The support structure includes a first
support member disposed in a first plane, a second support member disposced 1n g second
plane orthogonal to the frst plane, and a third support member disposed m a thard plane
orthogonal to the first plane and the second plane. A mesh matenal 1s disposed in the interior
region of the apparatus and 1s coupleabic to the support structure. The mesh material 1s
configured to define a containment volume suitable for cultivating aquatic organisms. A
plurality of tensioning members are configured and disposed to couple the mesh matenal to
the support structure. Each of the plurality of tensioning members are coupled to or mntegral
to the mesh material and at least one of the first support member, the second support raember
and the third support member. The tensioning members are also configured to provide tensile

loading on the first, second and third support members.

Brief Description of the Drawings

GO7 | 1.1 1s a schematic biock diagram of an aguaculture containment pen, according
to an embodiment.

{ OO FI(G. 2 18 a perspective view of an aquaculture containment pen, according to an

embodiment,

009 F1(. 3 18 a perspective view of a support structure included m FIG. 2 moored 1n a
four point configuration, according to an embodiment.

{3010} FIG. 4 15 a perspective view of a support structure of the containment pen of FiG.
2 1 a {irst configuration.

LY Fi{3. 5 18 a perspective view of the support structure of the contamnment pen of

Fi(. 2 m a second contiguration.

(G312 F1G. 6 18 a side view of a coupling mechanism according {0 an embodiment, m a

first configuration.

.
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LHHR] FI(. 7 18 a cross-section view of the coupling mechanism of FIG. 6 taken along

iine 7-7.

3614 Fi3, 8 18 a side view of the coupling mechanism of Fi(G. 6, m a second

configuration.

{B015] FIG. 9 shows a perspective view of a support structure for an aguaculture

containment pen, according to an embodiment,

{31 6] F1(. 10 shows an enlarged view of a connector included in the aquaculture

containment pen of FIG. 9, according to an ermbodirent.

{3617 FIGNS. 11-12 show results of a Fimite Element Analysis (FEA) performed on an

<
-

embodiment of a containment pen.

Detaiied Description

G018} Aquaculture operations {also referred to herom as “aquafarmng” or “fish
farming”} that utilhize conventional containment pens {€.g., suspended net systems) for
cultivating aquatic organisms arc generally located near shore, where sea conditions {e.g.,
wave action, wind, and occan currents) are less severe, and access 18 casier for operation and
mamtenance. However, offshore locations arc known to have numerous advantages. For
example, in oftshore locations, walter depths are usually greater, thus the contamment pens
can be submerged during storm conditions when fish would naturally move to greater depths
to avoid damage from wave action. Water quality 1s generally better, as there 1s less pollution
from land sources and greater water Circulation {¢.g., stronger currents) through the pens
helps dilute waste nutrients from the organisms being cultivated.  Furtbermore, water
temperatures are more stable and the risk of disease 1s reduced due o mcreased distance
between farms.,  Fally, the general public 18 typically opposed to any structurcs at the
surface of the ocean that are visible {rom shore, so moving the aquaculture operations further

oftshore reduces the visual irapact of aquaculture, and thus decreases political opposition,

{019 Conventional suspended net contammment pens are not suitable for ofishore
aquaculture for a number of reasons mchuding, for example: 1} the support structure used {o
suspend the nets are not stablie in the oftshore environment, 2} the suspended nets do not have
any structural support, therefore ocean currents and wave action can deform the suspended
nets, thus reducing the contamrment volume and/or damaging the net, and/or causing stress on

the cultivated organisms and 3) the suspended nets are generally only suitable for contamning
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the aquatic organisms and arc not predator proot so additional predator resistant nets have o
be used, which makes the mamtenance of the conventional contarnment pens curnbersome as
well as increases the overall cost of the containment pen, and 4) no practical method for

cleaning these nets i offshore conditions has been demonstrated.

LA} BEmbodiments of the devices, systems and methods described herem  for
cultivating aquatic organisms are suitable for oftshore deployvment and offer scveral
advantages over conventional suspended net contamment pens mcluding, tor example: 1) the
support structure of the containment pen is hightweight and can casily be transported to an
offshore location i an unasscmbled configuration and assernbled on-site; 23 the support
structure can also be assembied onshore and then transported to an otffshore location m an
assembled configuration; 3) the support structure can be assembied onshore and then
mantputated wnto a collapsed configuration by a simple reorientation of the support members
so that the collapsed structure can be eastly transported to the offshore location and then
urged mio an expanded configuration for deployment; 4) the mesh material {also referred {o
herein as “containment net’) can be coupled to the support structure onshore during assembly
or at the otffshore location; 5) the mesh material 1s made from a predator resistant material,
therefore only a single containment net is needed for containing the aquatic organism as well
as protecting the aquatic life forms from predators; 6) the tensioning members used to couple
the mesh material to the support structure are also configured to mmpart structural miegrity to
the support structure; and 7) the contaimment pen can be configured to be coupleable to 4
four-pont mooring, which 18 the current mndustry standard for securing containment pens
deploved at off shore locations, and allows for easier mamtenance of the containment pen
because it can be rotated about a mooring axis so that any face of the containment pen can be

brought to the surface for cleaning and mnspection.

(G621 ] In some cmbodiments, a contammment pen mnchudes 4 support structure that defines
an mterior region. The support structure mciudes a first support member disposed m a first
plane, a second support member disposed in a second plane orthogonal to the first plane, and
a third support member disposed m a third plane orthogonal {0 the frst plane and the second
planc. A mesh material 15 disposed in the interior region of the apparatus and 18 coupleable to
the support structure. The mesh material 18 configured to define a contaroment voelume
suitable for cultivating aquatic organisms. A plurality of tensioning members are configured
and disposed to couple the mesh maitenal to the support structure. Each ot the plurality of

tensioning members are coupled to the mesh material and at least one of the first support
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member, the second support member and the third support member. The tensioning members
are also contigured to provide tensile loadmg on the first, second and third support members.

in some embodiments, the tensioning members may be mtegral to the mesh material,

36221 In some ecmbodiments, an aquaculture contamment pen includes a support
structure having a first ring mevaber, a second ring raember and a third ring member. Each of
the first, second and third ring members are configured and disposed substantially orthogonal
to the other two ring members., A contamnment net coupled to the support structure defines a
containment volume suitable for cultivating aquatic organisms. The containment net mcludes
a phurality of tensioning members configured and disposced to couple the contammment net to

the support structure and provide tensue loading on the first, second and third ring members.

(623} in some cmbodiments, an aguaculture contaimment pen includes a support
structure having a first ning vacmber movably coupled to a second rimg meraber, and a thard
ring member movably coupled to the second ring member. The support structure 1S movabie
between a first configuration such that the first, second and third ring members arg
substantially coplanar, and a second configuration such that cach of the first, second and third
rimg members are substantially orthogonal to the other two ring members. A contaimment net
coupied (o the support structure defines a containment volume suitable for cultivating aguatic

OTanisms.

{B024] As used heremn, the term “about” and “approxamately” gencrally mcan plus or

minus 10% of the value stated, e.g., about 100 m would mclude 90 m to 110 m.

[(625] As used herein, the term “set’” can refer to multiple features or a singular feature
with roultiple parts,  For example, when referrimg to set of support members, the set of
support members can be considered as one support member with distinet portions, or the sct
of support members can be considered as multiple support members.,  Similarly stated, a
monghithically constructed item can mnchude a set of support members. Such a s¢t of support
members can mchude, for example, multiple portions that are mn discontinuous from cach
other. A set of support members can alse be fabricated from multiple tems that are produced

scparately and are later joined together {¢.g., via a weld, an adhesive or any suttable method).

{3026} Fig. 1 shows a schematic block diggrarn of a contammrent pen 100 for culfivating
aquatic organisms {also referred to herein as an “aguaculture contamment pen”).  The
containment pen 100 mceludes a support structure 110, a contammment net 140 and 4 sct of

tensioning members 158, In some embodiments, the contamnment net 140 can be removably

)
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coupled to the support structure 110, In some embodiments, the tensioning members 158 can

be conligured to removably couple the containment net 140 to the support structure 110,

{3627 The support structure 110 can detine an nterior volume, for cxample, for
disposing the containment net 140, In some cmbodiments, the support structure 110 can
mclude a set of support members (not shown) that can be coupled to each other to forra the
support structure 11}, In some embodiments, the support structure 110 can nclude two
support maembers, three support merabers, four support members, five support members, or
gven more support members. In some cmbodiments, the support structure 110 can include a
st support member, a second support member and a third support member. The first
support member can be disposed i a first plane, the second support member can be disposed
in a second planc orthogonal to the first plane, and the third support member can be disposed
i a third plane orthogonal to the fivst plane and the second plang. The first, second and third
support members when coupled together, form the support structure 110 that has a
substantially spherical shape. In some embodiments, the support structure 110 can have a

diameter n the range of about 8¢ to 120 feet.

{B028] In somce ecmbodiments, the support structure 110 includes a first support member
that 18 movably coupled t0 a second support member, and the second support member that 1s
movably coupled to a third support member. The support structure 110 (1.c., the first, second
and third support raembers) can be moved between a first configuration, such that ecach of the
first, second and third support members are substantially coplanar and a sccond configuration
such that cach of the first, second and third support members are substanfially orthogonal to

the other two support members.

G029 In some embodiments, the first, second and third support members are coupled to
cach other at locations that are detined as vertices of an octahedron. In some embodiments, a
first coupling mechanism (not shown} can be used to couple the first support member to the
second support maember, and a second coupihing mechanism (not shown} can be used to
couple the second support member to the third support member. The {first coupling
mechanism can be substanfially the samce as the second coupling mcechanism.,  In some
embodiments, the first and/or second couphing mechanism can nclude, for example, clamps,
ropes, wires, bolis, rivets, screws, any other suitable coupling mechanism or combination
thereof. In some embodiments, the support structure 110 18 contigured to be coupleable (o a
tour-point mooring. In some embodiments, the coupling mechanisin serves as attachinent

powmnts for couphng the support structure 110 o a four-point moorimg.

0
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(630 in some cmbodiments, the support members can be substantially circular {e.g.,

rings) and can have a substantially circular cross section such as, for example, pipes. The
pipes used to form the support member can be hollow and can include apertures to allow a
lumen dehined by the support member to be filled with a liquid {(¢.g., water) or a gas {¢c.g., air)
to modity the buovancy of the support structure 118, For example, the support members can
be filled with water to submerge the support structure 110 or filled with air fo raise the
support structure to the surface. In some embodiments, the support members can be made
trom a material that s hight weight, ngid, strong, resistant {o rusting, and can have a
substantially neutral buoyancy such that the support structure 110 has a specific gravity in the
range of about .94 to about 1. For example, the support member can be made from high
density polyethylene. In some embodiments, the support members can be made of materials
that have a speciiic gravity greater than one, which achieve neutral buoyancy by means of
arr-filled cavitics, for exarnple siecl, alumunum, or fiberglass. In some cmbodiments, the
support members and/or other portions of the support structure 110 can include fHotation
members {e.g., foam structures), weights, or ballast tanks to sclectively modity the specific
oravity of the contamment pen 100, In some embodiments, the support structure 110 can
have any other shape such as, for cxample, g sqguare, an ellipsoid, or any other suitable

shape/structure or combination thereot.

{88311 The contamnment net 144 can mchude a mesh matenial configured to be reversibly
coupleable to the support structure 110, For example, the contamment net 140 can be
iscribed m an micrior region defined by the support structure 110, The contaimmment net 140
can be configured to define an internal volume suttable for contamning and cultivating aquatic
organisms. In some embodiments, the contamment volume defined by the contamment net
140 can be substantially spherical. In some embodiments, the containment volume defined
by the contamment net 140 can have a substantially geodesic structure such as, for exarnaple,
an tcosahedron or an octahedron. The geodesic structure of the containment net 140 can beo
configured to be coupleable to a four-point mooring. In some embodiraents, the contaimrent
net 144 can be made {rom a substantiaily predator resistant material such as, for exampie,
polyethyvicne fiber, stamnless steel, Dyneema®, any other predator resistant material or

combination thereof.

{60321  As described herem, the tensioning members 150 can be configured to removably
couple the contamment net 140 to the support structure 110, The tensiomng roembers 150

can be disposed mm and/or otherwise coupied {o the contamment net 140, e.g., weaved,

o
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welded, glued, tied, or attached to the contammment net 140 using any other suitable
mechanism.  In some embodiments, the tensioning roembers 130 can be ntegral with the
containment net 140, In some embodiments, the tensioning members 140 can be configured
to urge the contammment net 140 mto the shape of a geodesic structure. For cxample, the
tensioning members 1530 can mfersect ecach other to form a multitude of polygons, ¢.g.
triangles, such that the plurabity of polygons form the taces of the geodesic structure. In some
cmbodiments, the tensioning members 138 can be formed from a strong, but tlexible maternial

such as, for cxample, metal wire, Dyncoma, mctal ropes, fiber ropes, any other strong

predator resistant material or cornbination thereof,

{3833} fn some embodiments, cach of the set of tensioning members 150 can be coupled
to at lcast onc of the first support member, the second support member and the third support
member of the support structure 110, In some embodiment, the tensioning members 130 can
be coupled to the support structure 100 at predetermined discrete locations. In some
embodiments, the predetermined locations can be vertices of a geodesic structure, 1.¢., the
ceodesic structure formed by the containment net 140, In some embodiments, the tensioning
members 150 can be configured to exert a compressive {orce on the support structure 110
such that the combination of the tension in the tensioning members 150 and compression in
the support structure 150 provides structural integrity to the contaimumnent pen 100, In some
embodiments, the sum of the forces applied by the tensioning members 150 to the support
members 18 approximately &, In some embodiments, the containment net 140 can be coupled
continuously to the support members. Said another way, the contammment net 140 can be
coupled along the entire length of the support members.  In such embodiments, the
containment net 140 can be coupled to the support moembers using a slot coupling
mechanism, laces, threads, zippers, any other suitable coupling mechanism or combination
thereot., In this manner, the wnternal volume of the contamment net 140 can be maxumized.
Furthermore, any load concentration duc to coupling at discrete locations, can aiso be
minirmzed.

{B034] In some embodiments, the tensionming members 150 are conhigured to stabihize the
support structure 110 of the contamment pen 100, For exampie, the structural mtegnity
imparted by the tensionung members 140 to the support structure 110 can allow the
containment pen 100 to withstand currents of at least 3 knots, or cven greater when deployed
in the open ocean.

{BU35] Having described above wvarious general principles, several  exemplary

&
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cmbodiments of these concepts are now described. These embodiments are only cxampies,
and many other configurations of an aquaculture contamment pen for culfivating aquatic

prganisms are contemplated.

30361 Reterring now to FiIG. 2, a containment pen 200 tor cultivating agquatic organisms
mcludes a support structure 210, a contamrent net 240 and a set of tensionung maembers 230,
The tensioning members 2350 are disposed in, and/or otherwise coupled to the containment
net 240, and are configured to reversibly coupie the contamment net 240 to the support

structure 2140,

{30371 As shown, the support structure 210 mncludes a first support member 2124, a
second support member 212b and a third support meraber 212¢ {collectively referred to as
212} that are movably coupled to each other to form the support structure 210, The support
members 212 are substantially circular rings wade from a tubular material.  In some
embodiments, cach of the support members 2127 can be formed of a serics of distinct picces
that can be joined together, .2, screwed, glued, hot welded, snap fitted, or joined through

any other stntable mechantsm, to form the support member 2172,

[(635] The support members 212 are contigured such that the first support member 212a
has a diameter shghtly larger than the second support vacmber 212b, and the second support
member 212b has a diameter shightly larger than the third support member 212¢. Theretore
the sccond support member 212b can be disposed substantially within the first support
member 2128, and the third support member 212¢ can be disposed substantially within the

second support member 212b, such that the support members 212 resemble concentric rings.

e

in some embodiments, the diameter of the support members 212 ¢an be in the range of about
KO to 120 teet. In somce embodiments, the outside diameter ot the material used to make the
support members 212 {e.g., the pipes) can be about 12 to about 20 mches. In some
cmbodiments, the support members 2127 can be holiow and can have a wall thickness of about

1.5 {0 about 2 inches.

{3039 As shown i Fl. 2, the first support member 2122 18 disposed o a first plane and
the second support member 2120 15 disposed 1n a second plane, such that the second planc is
orthogonal to the first plane. The third support member 212¢ 1s disposed 1w a third plane such

that the third planc 1s orthogonal to the first planc and the second planc.

{3040} The contamment net 240 18 configured to be reversibly coupleable to the support

structure 210, For exampie, the containment net 244 can be imscribed in an interior region



CA 02903130 2015-08-28

WO 2014/159830 PCT/US2014/0252735

defined by the support structure 213. The containment net 240 1s made from a mesh matenal
that can be formed from a substantially predator resistant material such as, for exarople,
polycthviene fiber, stainiess steel, DYNEEMA®, metallic alloy mesh, or any other predator
resistant material or combination thereof., The containraent net 240 1s configured to define an
internal volume swuitable for contamning and cultivating aguatic orgamsms.  In some
cmbodiments, 4 mosh material, for exaraple, a predator net can be disposed outside the
support structure 210 such that the support structure 218 1s surrounded by the mesh maierial.
In such cmbodiments, the mesh material can, for cxample, provide a second layer of
protection to the aguatic organisms {¢.g., fish) disposed within the internal volume defined by
the containiment pen 240 against predators. In some embodiments, the containment net 240
can be coupled to the outside surface of the support structure 210, such that the support

structurcs 210 1s disposed within the mternal volume defined by the containment pen 2440,

G041 ] The tensionung members 250 are configured to removably coupic the contamracent
net 2460 to the support structure 2180, The fensioning members 250 can be disposed mn and/or
otherwise coupled to the containment net 240, ¢c.g., weaved, welded, glued, tied, or attached
to the contaimmroent net 240 using any other suitable mechamsm. In some crabodiments, the
tensioning members 230 can be integral with the contammment net 240, for cxampie,
monolithically formed with the containment net 240, In some embodiments, the tensioning
members 240 can be configured to urge the contamnment net 240 mto the shape of a geodesic
structure. In such embodiments, the tensioning members 230 can mtersect cach other to form
a plurality of triangles 252, such that the pluralitics of triangles 232 torm the faces of the

oeodesic structure defined by the contamment net 240,

{842} Bach ot the tensiorung members 230 15 coupled to at least one of the support
members 212 {e.g., support member 2123, 212b or 212¢3. In some embodiments, at least a
portion of the tensioning merabers 250 are coupled to two or more of the support members
212, In some embodiments, the tensioning members 258 are coupled to the support structure
210 at predeterrmined discrete locations 254, For cxample, the predetermined locations 254
can be verbices of a geodesic structure, 1.¢., the geodesic structure formed by the contamment

net 240

LUERY In some cmbodiments, the containment pen 200 or any other containment pen
described herein can be moored in a four point moorig configuration. For example, FiIG. 3
shows the support structure 210 of the contamnment pen 200 moored by mooring line 260 m a

tour pomt woormg conliguration. The contamment net 240 18 not shown for clarity. Each
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mooring line 260 can be coupled to the support structure 210, for cxample, at imtersecting
pomts 256 where the support members 212 intersect cach other. The four pomnt mooring
shown i FIG. 3 18 the current industry standard for securing containment pens depioved at
offshore sites. Four pomnt moornng can allow casy rotation of the contammment pen 200, or
any other contamment pen described heremn about a mooring axis so that any face of the
containment pen 200 can be brought to the surtace of the water for clecaning and/or

spection.

30441 Reterring now to FIG. 4 and FIG. 5, 2 contamnment pen for cultivating aguatic
organisms includes a support structure 310 having g first support member 312a, a second
support member 3126 and a third support member 312¢ {(collectively referred to as “the
support members 3127) movably coupled to cach other. For cxample, the first support
member 312a can be movably coupled to the second support member 312b, and second
support meraber 312b can be movably coupled to the third support member 312¢ such that
the support structure 310 can be moved between a first collapsed configuration (FIG. 4) such
that the support members 312 are substantially coplanar, and a second expanded
configuration (FIG. 3) such that the support members 312 are substantialiv orthogonal to cach
other. The support members 312 can, for cxampie, be coupled to cach other using coupling
mechanisms 320 or any other suitable mechanisin,  In some embodiments, the support
members 312 can be coupled to each other at locations that define the vertices of an

octahedron.

| B045] in some embodiments, the support structure 310 can be assembled i the collapsed
confipuration onshore and delivered to the offshore deployvment location in the collapsed
configuration.  QOnce at the deployment location, the support structure 310 can be
manipulated into the expanded configuration and deployed. In some embodiments, the
support structure can be assembicd in the expanded configuration onshore, collapsed for
transportation {onshore or otishore}, and then moved to the expanded configuration. In some
embodiments, the support structure can be moved to the collapsed configuration for cleaning,

maintenance, and/or transportation to a new location.

[ (}346] fn some cmbodiments, a coupling mechanism can be used to couple the support
members of a support structure fo cach other. Keferrng now to FIGS., 6-8, in some
cmbodiments, a coupling mechanism 420 that can be ncluded o a support structure, ¢.g.,
support structure 110, 210, 310 or any other support structure described herein, can mnclude a

first coupling member 422 and a second coupling member 424, The first couphing raember
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4227 and second coupling member 424 can be used to couple a first support member 412ato a
second support merober 412b. Additional couphing mechamsms 420 can be used to couple

the second support member 4125 to a third support member {(not shown} as described herein.

{36471 Fi(. 6 shows a side view of the coupling mechanism 420 used for couphing the
first support member 412a to the second support member 412b, 1n a first conliguration such
that the first support member 412a and the second support member 412b are substantially
copianar. The coupling member 422 wncludes a first porbion 423a that s removably
coupleable to a sccond portion 423b such that the support member 412a can be tightly
clamped, secured and/or gripped between the first portion 423a and the second portion 423b.
The first portion 423a of the couphing member 422 can be reversibly coupled to the second
portion 423b using bolts, rivets, screws, latch, spring latch, snap fit, or any other suitable
coupling means. In some embodiments, the first portion 423a of the coupling member 422
can be pivotally coupled to the second portion 423b, such that the first portion 423a can move
from a first configuration, such that the support member 412a can be uncoupled from the
coupling mechanmsin 420, t0 a sccond contfiguration, wherein the support member 4123 18
secured to the coupiing mechansrg 420, Suularly, the couphng member 424 wncludes a first
portion 425a that is removably coupleable to a second portion 4250 such that the support
member 4120 can be tightly clamped, secured and/or gripped between the first portion 425a

and the second portion 425b.

{3045} in some embodiments, the first coupling member 422 can be movably coupled to
the second coupling member 424 using a swivel mechamsm 426, FIG. 7 shows a cross-
section of the coupling mechanism 420 taken along the line 7-7 as shown mn FiG. 6. The
swivel mechamism 426 wcludes a swivel mount 427 mounted on a mandrel 428 such that the
swivel mount 427 can rotate about the mandrel 428, The swivel mechanism 426 can allow
the coupling member 424 and the second support member 412b clamped therein to rotaie
from a first configuration (Fi(. 6, FIG. 73 such that the first support member 412a and the
second support member 4120 are substantially coplanar, to 4 sccond configuration as shown
i FIG. ¥ such that the second support mmember 412b 15 substantially orthogonal to the first
support member 412a. In some cmbodiments, the coupling mechanism 420 can include a
locking mechanism (not shown) to lock the coupling mechamsm 420, and therelore the
support members 412, in the first contiguration and/or the second configuration. For

example, the coupling mechamsm 420 can wclude a spring latch, hole and key lock, ratchet

lock, or any other suitable locking mechanism.  In such embodiments, the coupling
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mechantsm 420 can also mclude a reicase mechanism to relcase the locking mechanism,

{(3349] In some embodirments, the support members 412a and 412b, can mciude stoppers
430, for example, to prevent coupling the mechamsm 420 from sliding along the length of the
support members 412a and 412b. In some embodiments, the stopper 430 can be an integral
part of the support members 412a and 412b, ¢.g., formed m a smgle manufacturing process.
in some embodiments, the stopper 430 can be a separate member that 1s disposed on and
coupled to the support members 412a and 412b by ¢.g., clamp fitting, gluing, hot welding,
screwing, bolting, riveting, or any other suitable mechanism.  In some cmbodiments, the
support members 4i2a and 412b can include recesses sized and shaped o receive the
coupling mechanism 428, such that the coupling members 422 and 424 can be seated withmn

the recess and prevented from moving laterally by the sidewalls of the recess.

| BOS0] in sorme embodiments, a support structure for use 1 an aquaculfure contamment
pen can inciude support members that have substantially the same diameter or otherwise size.
Referring now to FIGS. 9, a containment pen for cultivating aquatic organisms imcludes a
support structure 318 having a first support member 312a, a second support member S12b
and a third support mernber 512¢ {collectively referred to as “the support mermbers 3127)
coupled to cach other using a plurality of coupling mechantsms 520, Each support member
512 can have substantially the same diamcter or otherwise size. In some embodiments, cach
of the support members 5312 {e.g., the support raember 5124, 312b and/or 521¢) can mclude a
plurality of scgments that can be coupled together to form the support members. For
cxample, 1 some embodiments, cach segment of the support members 312 can mmclude an
arcuate ring scgment {¢.g., a ring quadrant} that can be jomned at their ends to form a support
member S12. In some embodiments, cach arcuate ring segment can have a central angle of
about 90 degrees. The support members 312 can, for example, be coupled to each other
using couphing mecharisms 520 or any other suitable mechamism. In some embodiments, the
support members 312 can be coupled to cach other at locations that define the vertices of an

octahedron.

{BU51] In some cmbodiments, cach of the coupling mechanism 320 shown in FIG. 10,
can inciude a first coupling portion 322a, a second coupling portion 3226, a third coupling
portion 522¢, and a fourth coupling portion 522d {collectively referred to as “the coupling
portions 5227}, Each couphing portion 522 detines a cavity 524 conligured to removably
recerve at least a portion of g support member 512, for example, an end of a segment of the

support members 512, In some embodiments, the each cavity 524 can mclude a fncthion-it

13
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mechanism, snap-fit mechanism, notches, grooves, indents, detents, lock, latch, or any other
suitabie mechanism, for removably coupling the segments of the support racmbers 312 to the
portions 522. In some cmbodiments, a coupling mechanism can include one or more
coupling portions that can allow the segments of the support members 512 to move about an
axis {¢.g., the X, Y, or £} axis of the support structure 510, For example, the coupling
mechanism can mnclude a plurality of coupling portions {¢.g., a first, sccond, third, and fourth
coupiing portion} that are swivelly mounted to a central hub via, for example, a pivot mount.
in such embodiments, the coupling portions can enabic the segrments of the support members
5312 to prvotally rotate about the pivotl mounts, such that the support structure 310 can be

moved between an expanded configuration and a collapsed configuration.

{BO52] FIG. 11-12 show finite clement analysis (FEA) of a modcel of a support structure
610 of a contamment pen according to an cmbodiment described berein.  The support
structure 610 of the containment pen was modeled using 2-node beam elerents, for a total of
378 nodes and 384 elements. The support structure 610 includes three tubular HDPE support
members, 612a, 612b, and 612¢ {collectively referred to as “the support members 6127}
Each support member 612 located i a plane orthogonal to the plane of the other support
members 612, Each support member 612 15 hollow and has a diameter of 31.8 meters, a

cross-scctional diameter of 0.40 m (16 inches) and g wall thickness of 0.04 m (1.5 inches).

{B853] As shown i FIG.1E, a 300 tb force was apphied between the center of the sphere
611 defined by the support structure ©01{, and at cqgually spaced locations along the
arcumicrence of each of the support member 612, to simaulate the tensile torce apphed by
tensioning members on the support structure 610 as described hercin. The resultant axial
stress and axial stramn resulis and the non-axial stress and noun-axial stramn results are

surnmarized below 1 Table

e tablel
Max Axial Strain -3.87 X IO‘L}
Max Axial Stress (Pa) 258 x 10
Axaal Yield Stress (Pa) 242 x 10?
Max Non-Axial Stramn 2.42 x 147
Max Non-Axial Stress (Pa) 572 x 10
Non-Axial Yield Stress (Pa 2.42 x 18

{054 One nch diameter lines 660 at 15 degree angles were also added to the support
structure 610 model described above and shown in FIG. 12 such that the line was coupled to

the support structure 610 at three focations to siaulate a four pomt mooring. A series of drag
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loads associated with current velocities of 0.2 mw/s, .6 nv/s and Im/s were apphied on the
support structure 610, The resultant axial and non-axial stress and strains experienced by the

support structure 610 on application of drag loads are sumimarized in Tabie 2.

fable 2

Stress/Stram Current Velocity
3.2 m/s 3.6 nv/s 1 1m/s

Max. Axial Stramn 7.5 x 107 1.6 x 107 472 x 107
Max Axial Stress 5.01 x 107 107 x 10° 315 x 10°
(Pa)
Axial Yield Stress 2.42 x 10 242 x 10 74 % 10
(Pa)
Max. Non-Axial 1.39 % 107 1.64 % 107 4.58 x 10°
Strain
Max. Non-Axial 328 x 107 3.88 x 10° 1.06 x 10°
Stress (Pa)
Non-Axial Yield 242 x 10 242 x 10 2.42 x 10

Niress {(Pa)

RN No detormation of the support structure 610 18 observed for any of the drag loads
apphied on the support structure 610 mdiching that the support structure 610 of the
containment pen 18 rigid and capable of withstanding the typical drag loads experienced at

ottshore aquaculture locations.

{3856} While various embodiments of the systern, methods and devices have been
described above, it should be understood that they have been presented by way of cxampie
only, and not hmitation. Where methods and steps described above wndicate certain events
occurring i certain order, those of ordinary skill in the art having the benefit of this
disciosure would recognize that the ordermg of certain sieps may be moditied and such
maodification are 1n accordance with the variations of the mvention. Additionally, certain of
the steps may be performed concurrently in a parallel process when possible, as well as
pertormed sequentially as described above. The embodiments have been particularly shown
and described, but 1 will be understood that various changes in form and details may be

made.

{8571 For example, although various embodiments have been described as having
particular features and/or combination of components, other embodiments are possibie
having any combination or sub-combination of any features and/or components from any of
the embodiments described herein. For cxample, although some embodiments were

described as having tensioming members ntersecting to  form  polygons, in some
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cmbodiments, the tensioning members might not intersect, for cxample, the tonsioning
members can be disposed i the containment net paraliel fo cach other. In some
embodiments, the tensioning members can intersect to form polygons that are square, or
rectangles. In addition, the specific configurations of the various components can also be
varied. For example, the size and specific shape of the various components can be ditterent

than the embodiments shown, while still providing the tunctions gs described herein.
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{ iqims

i An apparatus, comprising:

a support structure defining an interior region, the support structure mciuding a first
support member disposed 1o a first plane, a second support member disposed in a second
plane, the second plane orthogonal to the first plane, and a third support member disposed in
a third plane, the third plane orthogonal to the first plane and the second plane;

a mesh material disposed 1n the interior region and coupleabie to the support structure,
the mesh material configured to define a contamnment volurme suitable for cultivating aguatic
organtsms, and

a plurality of tensioning members configured and disposed to couple the mesh
material to the support structure, cach of the plurahity of tensioning members coupled to the
mesh material and at least one of the first support member, the sccond support member, and
the third support meraber,

the pluraiity of tensioning members configured to provide tensiic loading on the first,

second and third support members.

2. The apparatus of claim i, wherem the first, second and third support members are
FIngs.

3. The apparatus of ciamm 1, wherem the support structure 1s a spherical octahedron.

4 The apparatus of clain 1, wherein the support members are pipes.

S. The apparatus of claim 4, wherem the pipes are hollow.

6. The apparatus of claim 5, whercin the pipes mclude apertures configured to allow

Bguid to flow nto fumens defined by the hollow pipes.

7. The apparatus of claim 4, wherein the pipes are made from high density polyethylene.
5. The apparatus of claim 1, wheremn the support structure 18 conhigured to have

substantially neutral buoyancy.
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3. The apparatus of claim 1, wherein the mesh material 1s a net.
18,  The apparatus of claim 1, wherein the mesh matenal mcludes a substantially predator-

rosistant material,

11, The apparatus of claim 1, wherem the mesh material mcludes polyethylene fiber and

stamiess steel.

12, The apparatus of clamn 1, wherein the mesh material mceludes Dyneema.
13.  The apparatus of claim 1, wherem the mesh matenal mchudes a metalhic alloy mesh.

I4.  The apparatus of claim 1, whercin the containment volume 1s substantially spherical.

15,  The apparatus of claim §, wheremn the containment volume 15 a geodesic structure.

16.  The apparatus of claim 15, wherein the geodesic structure 18 an icosahedron.,

17.  The apparatus of claim 15, wherein the geodesic structure 18 an octahedron.

{¥.  That apparatus of claim I, wheremn the tensioning members urge the mesh materials

into the shape ot a geodesic structure.
19.  The apparatus of claim 1, wheremn the tensioning members include metal wire.
20.  The apparatus of claim 1, wherein the tensioning members are configured to exert

compression on the support structure, the combination of tension 1n the tensioning members

and compression in the support structure configured to provide structural integrity to the

apparatus.
21, The apparatus of claim 20, wheremn the structural mtegrnity 1mparted by the {ensioning

members to the support structure allow the apparatus to withstand currents of at least 3 knots

when deployed in the open ocean.
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2Z2.  'The apparatus of claim |, wherein the tensioning members arc coupled to the support

rmembers at predetermned locations,

23.  The apparatus of claim 22, wherein predetermined locations are vertices of a geodesic

struciure.

24.  The apparatus of claim 1, wherein the tensioning members mniersect each other to
torm a plurality of polygons, the plurality of polygons forming the face of a geodesic

struciure.

25.  The apparatus of claim 24, wherein the polygons are triangular,

26. The apparatus of claim 1, wherein the support structure 1s configured to be coupleabie

o a four-point moorng.

27.  'the apparatus of claim 1, wherein the tensioning members mclude BDYNEEMA™,

28.  Ap aguaculture contamment pen, comprising:

a support structure wcluding a first ring member, a second ring member and a third
ring maember, cach of the first, second and third ring mewbers configured and disposed
substantially orthogonal to the other two ring members;

a containmaent net coupled to the support structure, the containment net configured
and disposed to define a containment volume suitable for cultivating aquatic organisms, the
containment net including g plurality of members configured and disposed to coupic the
containment net {0 the support structure and provide tensile lpading on the first, second and

third ring members.

29, The containment pen of claim 28, wherein the first ring member 1s movably coupled

to the second ring member,

3G, The contamroent pen of clamm 28, wherem the first and second ring members are
movable between a first configuration n which the first and sccond ring members are
substantiaily coplanar, and a second configuration i which the first and second ring members

are substantially orthogonal to cach other.
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3. The contamroent pen of claim 29, wherein the second ring mewmber 18 movably

coupled to the third ring member.

32.  The containment pen of claim 31, wheremn the second and third ning members are
movable between g first configuration 1 which the second and third ring members are
substantially coplapar, and a second configuration i which the second and third ring

members are substantially orthogonal to cach other.

33, The contamment pen of claim 2¥, wherein the fivst, second and third ring members

are coupled 1o cach other at locations defined as the vertices of an octahedron.

34, The apparatus of claim 28, wheremn the tensioning mernbers are configured to
stabilize the support structure such that such that the apparatus can withstand currents of at

icast 3 knots when deployed in the open ocean.

35. The apparatus of claim 28, whercin the tensioning members are attached to the ring

members at discrete locations, the mewabers configured 1o apply a teosile force at cach

discrete location.

36.  The apparatus of claim 33, wherein the sum of the forces applied to the ring members

by the tensioning members 18 approximately 0.

37. Anaquaculture contamracnt pen, COMprising:

a support structure mcluding a first ring member movably coupled to a second rning
member, and a third ring raember movably coupled to the second ring momber,

the support structure movable between a first configuration such that the first, second
and third ring members arc substantially copianar, and a second configuration such that cach
of the first, second and third ring members are substantially orthogonal o the other two ring
members; and

a containmaent net coupled to the support structure, the containment net configured

and disposed to define a containment volume suitable for cultivating aquatic organisms.
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38.  The contamment pen of claim 37, wherein the containment net includes a plurality of
tensioning member conhigured and disposed to couple the contamment net {o the support
structure and provide tensile ioading on the first, second and third ring members in the second

configuration.

39.  The contamment pen of claim 3§, wherein the plurality of tensioning members are

integral with the containment net.

40, The contamnment pen of claim 3%, wherein the plurality of tensionung members are
disposed and oniented 1 the contaimment net such that miersection of the phurality of
tensiomng members deline polygons, the polygons configured to urge the containment net o

substantially rescmble a geodesic structure,

41.  The containment pen of claim 40, wheremn the geodesic structure provides a four-

point mooring of the containment pen to 4 mooring line.

42.  The contaimment pen of claim 37, wheremn the containment net 18 mscribed in the

SUpport structure,

43.  The contamnment pen of claim 37, wherem the support structure has a specific gravity

of about $.94 to about 1.

44, The contamnment pen of claim 37, further comprising a coupling mechanism

configured to movably couple the first ring member to the second ring meraber.

45, The contammment pen of claim 44, wherein the coupling mechanism 1s 4 first couphing
mechantsm, the contatnment pen further comprising:
a sgcond couphing mechanism configured to coupie the second ring member o the

third ring raember.
46.  The contamnment pen of claim 37, wherein the first ning member has a first diameter

and the second ring member has a sccond diameter, the second diamceter less than the first

diameter.
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47.  The containment pen of claim 40, wherein the third ring member has a third diameter,

the third diameter less than the second diaracter.
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