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MATURE MODULAR REEF 

0001 Modular reefs disclosed herein may be used in the 
construction of man-made reefs including reefs used for 
coastal protection and to assemble breakwater structures. 
Certain modular reefs disclosed herein have multiple genera 
tions of bivalve organisms. 
0002 The methods described herein may, for example, 
comprise preparing a scaffold comprising an exposed hard 
calcium containing material; exposing the scaffold to a first 
set of conditions in which a first group of bivalve organisms 
attach to the scaffold; allowing the first group of bivalve 
organisms to grow to sexual maturity Such that a group of 
sexually mature bivalve organisms is present on the scaffold; 
and moving the scaffold and the group of sexually mature 
bivalve organisms from a first location having a first fetch to 
a second location having a second fetch; wherein the second 
location has a feature selected from: a second fetch that is at 
least 50% longer than the first fetch and a second location that 
is higher than the first location by an elevation change that is 
greater than 20% of a distance equivalent to a mean range of 
tide at the second location; wherein upon moving the scaffold 
and the group of sexually mature bivalve organisms to the 
second location a first fraction of the group of sexually mature 
bivalve organisms are located above mean low water for the 
second location. 
0003. The methods described herein may, for example, 
comprise exposing a man-made scaffold to a first environ 
ment such that bivalve organisms grow on the man-made 
scaffold for a duration sufficient to create a biologically 
accreted Scaffold having two generations of bivalve attach 
ment; and moving the biologically accreted scaffold to a 
second location; wherein the first environment is a first 
marine environment; wherein the second location is in a sec 
ond marine environment; wherein a biologically accreted 
component of the biologically accreted Scaffold makes up at 
least 30% of a total weight of the biologically accreted scaf 
fold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 FIG. 1 shows a perspective view Concrete cylinder 
100 displayed upside down. 
0005 FIG. 2 shows a bottom view of Concrete cylinder 
1OO. 
0006 FIG.3 shows a front view of Concrete cylinder 100 
displayed upside down. 
0007 FIG. 4 shows a perspective view of an accretion 
scaffold. 
0008 FIG. 5 shows a perspective view of another accre 
tion scaffold. 
0009 FIG. 6 shows a perspective view of another accre 
tion scaffold. 
0010 FIG.7 shows a perspective view several biologically 
accreted scaffolds assembled as a reef structure. 

DETAILED DESCRIPTION 

Example 1 

Initial Geometry 
0011 Referring now to FIGS. 1, 2, and 3 of the drawings, 
Concrete cylinder 100 is shown upside down as compared to 
a typical installation orientation to better display Cylinder 
feet 137. Cylinder feet 137 serve as an extension of Concrete 
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cylinder 100 which may better secure Concrete cylinder 100 
to Subsurface terrain and which may aid in the securing of 
Concrete cylinder 100 within a formation of similar cylinders 
in configurations that may for example create a breakwater. 
Concrete cylinder 100 has a Concrete cylinder inner surface 
103, a Concrete cylinder outer surface 105, a Concrete cylin 
der upper surface, Concrete cylinder foot base surface 111, 
and a Concrete cylinder base surface 110. Concrete cylinder 
100 may for example have a Concrete cylinder outer diameter 
123 of 58 inches, a Concrete cylinder inner surface diameter 
117 of 46 inches, a Concrete cylinder thickness 120 of 6 
inches, a Total concrete cylinder height 130 of 32 inches, a 
Continuous concrete cylinder height 127 of 24 inches, and a 
Cylinder foot height 140 of 8 inches. In separate but related 
embodiments Concrete cylinder thickness 120 may be 4 
inches or Concrete cylinder thickness 120 may be 2 inches. 
Concrete cylinder 100 as depicted in FIGS. 1, 2, and 3 of the 
drawings may be considered to be an example of an accretion 
scaffold on which biologic deposits may accumulate. As that 
phrase is used herein, “scaffold' indicates a structure suitable 
for the growth of bivalve organisms and other organisms in a 
marine environment. The form of that growth may, for 
example, be primarily composed of bivalve organisms such 
as oysters. 

Example 2 

Initial Composition 
0012. The composition of Concrete cylinder 100 may for 
example be Portland cement with or without structural rein 
forcement such as rebar. 
0013. In another embodiment, the cement contains either 
seeds or legumes such as peanuts with the seeds or legumes 
comprising >1% nitrogen, >0% fat, and <10% sugar by 
weight. The cement would promote aquatic organism growth 
by way of metabolism of the organic material by bacteria 
when exposed to aquatic conditions. At least one binder mate 
rial in the cement may be a slowly biodegradable adhesive. 
The slowly biodegradable adhesive may be selected from the 
group consisting of a cornstarch polymer, animal-based pro 
tein glues, artificial (organic) biodegradable polymers, and 
mixtures thereof. The at least one organic material may con 
sists essentially of cottonseed. 

Example 3 

Construction 

0014. Accretion scaffolds as described herein and as used 
with the methods described herein may take a large variety of 
forms. The accretion scaffolds will generally contain a Sub 
stantial quantity of hard calcium rich material which may 
serve as a Substrate for the accumulation of bivalve organ 
isms. Portland cement, Portland cement modified with 
organic additives described above, other cements, limestone, 
and shell materials are among the hard calcium rich materials 
which may be present in the accretion scaffolds. The accre 
tion scaffold may have a frame made up of rigid or resilient 
material Such as wood, plastic, rebar, or heavy wire. The 
accretion scaffold may take the form of bars, beams, cylin 
ders, or frames that include one or more polygon shapes. The 
framing materials may be materials that would degrade or be 
destroyed by the marine environment that they are placed in. 
The framing materials may be coated with cement by way of 
dipping, applying with a brush, putty knife, trowel or other 
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comparable means. The framing materials may also be 
wrapped with a mesh, rope, net or other material that has been 
dipped in a mortar, cement, or other Solidifying mix. Simi 
larly, the mesh, rope, net or other material may be covered 
with a mortar, cement, or other solidifying mix by brush, 
putty knife, trowel or other comparable means either before 
or after fastening to the framing materials. The wrapping 
materials may be fastened to the framing materials with wire, 
cable tie, staples or other securing means. The timing of the 
application of the cement type material is not critical to the 
assembly of the accretion scaffold, and various methods that 
produce an assembled accretion scaffold with a substantial 
surface area covered with hard calcium rich material could be 
used in a manner consistent with the embodiments described 
herein. 
0015 Referring now to FIG. 4 of the drawings, which 
depicts one form of an accretion scaffold, Cylindrical frame 
150 may be constructed from wire such as wire that may be 
used in various fencing applications having Cylindrical frame 
vertical members 153 and Cylindrical frame horizontal mem 
bers 157. Wet cement or mortar may be applied to the Cylin 
drical frame horizontal members 157 and the Cylindrical 
frame vertical members 153 such that a substantial portion of 
the frame is coated with cement or mortar. 
0016 Referring now to FIG. 5 of the drawings, which 
depicts another form of an accretion scaffold, the frame of the 
accretion scaffold made up of Cylindrical frame horizontal 
members 157 and Cylindrical frame vertical members 153 
may be covered with a Net material 200 such that Net material 
200 substantially envelops the wireframe of Cylindrical 
frame 150. Prior to the application of Net material 200 to 
Cylindrical frame horizontal members 157 and Cylindrical 
frame vertical members 153 Net material 200 may be dipped 
in wet cement or mortar. After the dipping ofNet material 200 
in the wet cement or mortar Net material 200 would be fas 
tened by wire, clip, cable tie, or other equivalent means to the 
frame of the accretion scaffold. The entire structure would 
then be allowed to dry prior to deployment at an initial loca 
tion consistent with the methods described herein. 
0017 Referring now to FIG. 6 of the drawings, which 
depicts another form of an accretion scaffold, the frame of the 
accretion scaffold may be made up of Upper framing mem 
bers 350, Lower framing members 353, Vertical framing 
members 357, and Cross bracing framing members 360. As 
depicted in FIG. 6 the collection of Upper framing members 
350 form a hexagon and the collection of Lower framing 
members 353 form a hexagon. Optionally, Vertical framing 
members 357 may extend below Lower framing members 
353 such that the accretion scaffold may rest either directly on 
Vertical framing members 357 or on Foot framing members 
363. Net material 200 and the associated mortar or cement 
may be placed over the accretion scaffold in a manner com 
parable to the manner described in the treatment of the 
embodiment depicted in FIG. 5 of the drawings such that Net 
material 200 envelops a substantial portion of the frame. 
Accretion scaffolds of this variety may be configured from a 
nearly limitless number of geometric configurations. Among 
the many geometric configurations contemplated are con 
figurations in which the upper and lower framing members 
form polygons. 

Example 4 
Maturation Timing 

0018. One or more accretion scaffolds may be initially 
placed in a first location Submerged in water. The location of 
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the placement of the accretion scaffolds would beat a location 
in which oyster larvae are likely to be located in substantial 
quantity during the portion of the oyster reproductive cycle in 
which larvae are waterborne. The timing of that placement 
would be such that the surfaces of the accretion scaffolds 
would be exposed to a significant quantity of larvae during the 
portion of the oyster reproductive cycle in which larvae are 
waterborne. From the perspective of the accretion scaffold the 
exposure and Subsequent attachment of spat during that time 
may be referred to as the first spat season. The period of 
growth of between the time that larvae are in the water during 
the first spat season and the Subsequent spat season may be 
referred to as the first growth season. During the first growth 
season a population of seed oysters develop on the accretion 
scaffold. During the second spat season, which is one year 
after the first spat season, a second group of spat attach to the 
accretion scaffolds or to previously attached oysters such that 
during a second growth season which follows the second spat 
season the seed oysters mature to market size oysters or near 
market size oysters and the spat mature into seed oysters. 
During the third spat season which is two years after the first 
spat season, a third group of spat attach to the accretion 
scaffolds or to previously attached oysters such that at the 
beginning of the third growth season there would be a popu 
lation of spat, seed oysters, and market size oysters all grow 
ing on the accretion scaffolds. This configuration would rep 
resent an accretion scaffold on which three generations of 
oyster growth are present. After the attachment of the third 
generation of spat the mass of the accretion scaffolds includ 
ing the biologic accretion component may be twice or more 
than twice the mass of the original accretion scaffolds and 
may be regarded as a sexually mature generationally diverse 
modular reef 
0019. The sexually mature generationally diverse modular 
reef may be removed from the first submerged location and 
placed at a second Submerged location or intertidal location 
having a need for a breakwater structure. The sexually mature 
generationally diverse modular reef has a Substantial advan 
tage over other differently configured breakwater or reef 
structures because the sexually mature generationally diverse 
modular reef has an oyster population that is not only capable 
of producing spat in the first spat season following the place 
ment as a breakwater, it would have a Subsequent generation 
of oysters that are sexually mature and larvae producing dur 
ing the second spat season following the placement of the 
breakwater and under appropriate conditions would have new 
generations of sexually mature and larvae producing oysters 
during each Subsequent spat season. 

Example 5 

Maturation Timing 
0020. The preparation of generationally diverse modular 
reefs according to the disclosures herein may be practiced 
with oyster species in particular and with bivalve organisms 
more generally. The generational diversity of the bivalve 
organisms attached to the accretion scaffold as described 
herein may be measured by the calendar years in which spat 
bivalves attach to accretion scaffold either directly or indi 
rectly by attaching to the existing biological accretion on the 
accretion scaffold. Accordingly, an accretion scaffold 
described as having two generations of bivalve attachment 
indicates that spat bivalves attached to accretion scaffold 
either directly or indirectly during two separate calendar 
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years. The term calendaryear as used herein refers to a period 
running from January 1 to December 31. In certain embodi 
ments described herein, spat bivalves attach to an accretion 
scaffold during two or more calendar years. In certain other 
embodiments described herein, spat bivalves attach to an 
accretion scaffold during three or more calendar years. 
0021. Initial placement of the accretion scaffolds may be 
conducted in a manner that leaves an amount of space in 
between the accretion scaffolds such that the biologic accre 
tion on the accretion scaffolds does not cause the accretion 
scaffolds to combine into a larger structure. In one example 
the initial spacing between the accretion scaffolds is greater 
than 6inches. Initial placement of the accretion scaffolds may 
be on a sandy or muddy bottom such that attachment of the 
accretion scaffolds to the bottom is minimized. However, the 
accretion scaffolds described herein may be placed on alter 
nate bottom terrains such as hard or rocky bottoms. In certain 
cases the biologically accreted scaffold may need to be force 
fully separated from the bottom surface. 

Example 6 

Depth Maturation 
0022. As those phrases are used herein, the phrase “mean 
high water indicates the average of all the high water heights 
observed over the National Tidal Datum Epoch for a particu 
lar location and “mean low water indicates the average of all 
the low water heights observed over the National Tidal Datum 
Epoch for a particular location. For locations with shorter 
series of data or no data, comparison of simultaneous obser 
Vations with a control tide station may be made in order to 
derive the equivalent datum of the National Tidal Datum 
Epoch. As that phrase is used herein, "mean range of tide' 
indicates the difference in height between mean high water 
and mean low water for a particular location. The usage of the 
phrases mean high water, mean low water, and mean range of 
tide should be interpreted in a manner consistent with the 
usage of those terms by the United States National Oceanic 
and Atmospheric Administration as of Mar. 18, 2014. 
0023. Unless otherwise specified all references to the loca 
tion of scaffolds, accretion scaffolds, biologically accreted 
scaffolds and other similar devices with respect to height 
refers to the height of the uppermost extent of the scaffold, 
accretion scaffold, biologically accreted scaffold or other 
similar device. For example, if a scaffold is described as 
located above mean low water that description indicates that 
the uppermost extent of the scaffold is located above mean 
low water without regard to the height of other components of 
the scaffold. 
0024. The accretion scaffold is most susceptible to dam 
age by waves upon the initial placement of the accretion 
scaffold and prior to growth of bivalve organisms on the 
accretion scaffold. In one embodiment, the accretion scaffold 
is placed at an initial location that is below mean low water. In 
that example, after bivalve attachment in two separate calen 
dar years or three separate calendar years, the biologically 
accreted scaffold is moved to a location above mean low 
Water. 

0025. In another related example, the accretion scaffold is 
placed at a first location. In that example, the accretion scaf 
fold is allowed to accumulate two or three separate calendar 
years of bivalve attachment. After the two or three separate 
calendar years of bivalve attachment, the biologically 
accreted scaffold is placed at a second location having some 
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degree of tidal impact. In that case, the placement of the 
biologically accreted Scaffold at the second location may be 
Such that the second location is higher than the first location 
by an elevation change that is greater than 20% of a distance 
equivalent to the mean range of tide at the second location. In 
a further related example, the placement of the biologically 
accreted scaffold at the second location may be such that the 
second location is higher than the first location by an elevation 
change that is greater than 40% of a distance equivalent to the 
mean range of tide at the second location. In a further related 
example, the placement of the biologically accreted Scaffold 
at the second location may be such that the second location is 
higher than the first location by an elevation change that is 
greater than 80% of a distance equivalent to the mean range of 
tide at the second location. In a still further related example, 
the placement of the biologically accreted scaffold at the 
second location may be such that the second location is higher 
than the first location by an elevation change that is greater 
than 150% of a distance equivalent to the mean range of tide 
at the second location. 

Example 7 

Protection Maturation 

0026. The selection of a location for the initial placement 
of an accretion scaffold may be made based on one or more 
measures of how waves may impact the accretion scaffold 
and may in particular be selected Such that the impact of 
waves on the accretion scaffold as initially placed is less than 
the impact of waves on the biologically accreted scaffold as 
Subsequently placed. The accretion scaffold may be placed in 
an initial location for spat bivalve attachment prior to place 
ment of the biologically accreted Scaffold as a portion of a 
breakwater structure Such that the initial location is at a loca 
tion that would be considered to be better protected from 
waves than the location of the breakwater structure. In certain 
embodiments, the fetch of the initial location is less than one 
half of the fetch of the location of subsequent placement. In 
another embodiment, the fetch of the initial location is less 
than one fifth of the fetch of the location of the breakwater 
structure. In a still further related embodiment, the fetch of the 
initial location is less than one tenth of the fetch of the loca 
tion of the breakwater structure. As used herein, the fetch 
represents the longest linear distance along which waves may 
accumulate to impact the relevant site. 
0027. In certain embodiments the initial placement of the 
accretion scaffold in a location for spat bivalve attachment is 
at a location that has a significant wave height of a 1 year 
return period event that is less than 2 feet. In certain related 
embodiments, the initial placement of the accretion scaffold 
in a location for spat bivalve attachment is at a location that 
has a significant wave height of a 1 year return period event 
that is less than 1.5 feet. As an example, the initial placement 
of the accretion scaffold in a location for spat bivalve attach 
ment may be in a protected waterway that has a significant 
wave height of a 1 year return period event of 0.5 feet such that 
after a period of biologic accretion the placement of the 
biologically accreted Scaffold is located as part of a breakwa 
terstructure in a location that has a significant wave height of 
a 1 year return period event of 4 feet. “Significant wave 
height’ as that term is used herein designates the average of 
the highest one-third (33%) of waves, measured from trough 
to crest, that occur in a given period and should be interpreted 
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in a manner consistent with the usage of that phrase by the 
United States National Oceanic and Atmospheric Adminis 
tration as of Mar. 18, 2014. 
0028. In a related embodiment, the initial location for spat 
bivalve attachment has a significant wave height of a 1 year 
return period event that is less than /4 of the significant wave 
height of a 1 year return period event of the location of the 
location of subsequent reef placement. In a further related 
embodiment, the initial location for spat bivalve attachment 
has a significant wave height of a 1 year return period event 
that is less than /2 of the significant wave height of a 1 year 
return period event of the location of the location of subse 
quent reef placement. In a still further related embodiment, 
the initial location for spat bivalve attachment has a signifi 
cant wave height of a 1 year return period event that is less 
than 2/3 of the significant wave height of a 1 year return period 
event of the location Subsequent reef placement. 

Example 8 

0029 Mass Accumulation 
0030 Depending on the initial configuration of the accre 
tion scaffold the biologically accreted scaffold having mul 
tiple generations of bivalve growth may have a total mass that 
is double the original mass of the accretion scaffold or more. 
In examples in which the original accretion scaffold has a 
Solid structure with few voids such as the concrete ring struc 
ture depicted in FIGS. 1-3 of the drawings, the biologically 
accreted scaffold may have a mass that is at least 150% of that 
of the original accretion scaffold after bivalve attachment in 
two separate calendaryears upon relocation of the live modu 
lar reef In embodiments in which the original accretion scaf 
fold is in the form of a frame having void spaces the biologi 
cally accreted scaffold may have a mass that is at least twice 
that of the original accretion scaffold after bivalve attachment 
in two separate calendar years and in many cases would have 
a mass that is at least four times that of the original accretion 
scaffold upon relocation of the live modular reef 
0031 While the geometry and mass of the initial accretion 
scaffold may very significantly, the growth of bivalve organ 
isms on the accretion scaffold will generally impart signifi 
cant mass to the biologically accreted Scaffold. The mass of 
the biologically accreted Scaffold upon relocation for use as a 
modular reef or as part of a breakwater structure may exceed 
400 pounds. In separate related embodiments, the mass of the 
biologically accreted scaffold upon relocation exceeds 800 
pounds and may exceed 1600 pounds. 

Example 9 

Assembly 

0032. The biologically accreted scaffolds described herein 
may be relocated to an area in which they may serve as a 
breakwater. Referring now to FIG. 7 of the drawings, First 
biologically accreted scaffold 300, Second biologically 
accreted scaffold 303. Third biologically accreted scaffold 
307, and Fourth biologically accreted scaffold 310 may be 
arranged in a stacked configuration with or without other 
biologically accreted Scaffolds. The geometric complexity of 
the growth of the bivalve organisms is not shown in FIG. 7 to 
reduce the complexity of the drawing. That arrangement may 
take the form of a line of biologically accreted scaffolds 
arranged parallel to the shoreline in or near a tidal Zone. The 
biologically accreted scaffolds such as First biologically 
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accreted scaffold 300 may have an Upper biologic accretion 
layer 313 and an Outer biologic accretion layer 318 which 
envelop a large fraction of the original accretion scaffold. 
Depending on the growth pattern and placement of the origi 
nal accretion scaffolds the biologically accreted scaffolds 
may have a Non-accreted portion of structure 320. In many 
cases in which concrete cylinders are used, the biologically 
accreted scaffolds will have one or more Non-accreted cylin 
der feet 323. The placement of biologically accreted scaffolds 
in breakwater or reefstructures as described herein may be in 
a formation that is predominantly made up of biologically 
accreted Scaffolds or it may be in a formation that presents a 
mixture of biologically accreted scaffolds and other modular 
reef components that are not living reefs. In many Such cases 
the other modular reef components would be sized compara 
bly to the biologically accreted scaffolds and be significantly 
larger than the original accretion scaffolds prior to the bivalve 
growth. 
0033. The biologically accreted scaffolds described herein 
may be used in a variety of marine applications including but 
not limited to breakwaters, bridge Scour protection, groins, 
and bulkheads. The biologically accreted scaffolds may also 
be used in marine projects for the enhancement of marine 
ecosystems. 

Example 10 

0034 Wave Resilience 
0035. The site selection process for the placement of 
accretion scaffolds and biologically accreted scaffolds in 
many cases accounts for both the weight of the device being 
placed and the potential for wave activity at the location of 
placement. The ability of a biologically accreted scaffold or 
an accretion scaffold to resist damage or movement by wave 
action during a one year return period storm event at the 
location of the device is proportional to H/M, where His the 
significant wave height of a 1 year return period event mea 
sured in feet and MT is the total mass of the biologically 
accreted scaffold in pounds. H/MT has units of ft/lb. and 
may be referred to as the total wave risk number. In certain 
embodiments at the time of initial placement of the accretion 
scaffold in a marine environment the total wave risk number 
is less than 1.5 ft/lb. In a related embodiment at the time of 
initial placement of the accretion scaffold in a marine envi 
ronment the total wave risk number is less than 1.0 ft/lb. In 
certain embodiments at the time of placement of the biologi 
cally accreted scaffold the total wave risk number is less than 
1.5 ft/lb. In certain distinct but related embodiments at the 
time of placement of the biologically accreted scaffold the 
total wave risk number is less than 1.0 ft/lb. 
0036. The biogenic contribution to the overall mass of the 
biologically accreted Scaffold may play an important role in 
the overall ability of the biologically accreted scaffold to 
resist damage or movement by wave action at the final place 
ment location. The significance of the biogenic contribution 
may be measured by considering H/Ms where H is the sig 
nificant wave height of a 1 year return period event measured 
in feet at the location of the biologically accreted scaffold and 
Ms is the mass of the original accretion scaffold such that Ms. 
does not include any biologically accreted material. H/Ms 
has units of ft/lb. and may be referred to as the man-made 
partial wave risk number. After movement of the biologically 
accreted scaffold to a second location the total wave risk 
number may be at least 0.2 ft/lb. lower than the man-made 
partial wave risk number. In a related embodiment, after 
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movement of the biologically accreted scaffold to a second 
location the total wave risk number may be at least 0.4 ft/lb. 
lower than the man-made partial wave risk number. 

Example 11 

Mature Geometry 
0037. After multiple years of spat bivalve attachment to 
the accretion scaffold the biologically accreted scaffold may 
have a geometrically complex surface that is more conducive 
to further biologic accretion. The surface area of a biologi 
cally accreted scaffold may for example be more than twice 
the original Surface area of the accretion scaffold. Another 
way of characterizing the Surface complexity is to measure 
the distance of the maximum protrusion of biologically 
accreted material on the accretion scaffold from the original 
accretion scaffold structure and Subtract that maximum pro 
trusion distance from the minimum protrusion distance. In the 
case where a portion of the original accretion scaffold struc 
ture is exposed without bivalve or other growth the minimum 
protrusion distance would be zero. The difference between 
the maximum protrusion distance and the minimum protru 
sion distance is referred to herein as the protrusion variance. 
The protrusion variance of an accretion scaffold having mul 
tiple years of spat bivalve attachment may for example be 
greater than /2 inch. In a related embodiment, the protrusion 
variance of an accretion scaffold having multiple years of spat 
bivalve attachment may for example be greater than one inch. 
Inafurther related embodiment, the protrusion variance of an 
accretion scaffold having multiple years of spat bivalve 
attachment may for example be greater than 1.5 inches. 

Example 12 

Size Distribution 

0038. As the bivalves grow on the accretion scaffold over 
the course of more than one calendar year, the generational 
diversity of the bivalves increases and there is a correspond 
ing increase in the diversity of sizes of bivalves on the bio 
logically accreted Scaffold. The size of a bivalve organisms as 
characterized herein is the measured distance from the hinge 
to the farthest point on the shell from the hinge. In the case of 
oyster growth on a biologically accreted Scaffold, a measure 
ment in the January following two calendar years of spat 
attachment may create an oyster population on the biologi 
cally accreted scaffold having approximately 30% of the oys 
ters on that biologically accreted Scaffold measuring above 
1.5 inches and 70% of the oysters on that biologically 
accreted Scaffold measuring 1.5 inches or less. In the case of 
oyster growth on a biologically accreted Scaffold, a measure 
ment in the January following three calendar years of spat 
attachment may create an oyster population on the biologi 
cally accreted scaffold having approximately 15% of the oys 
ters on that biologically accreted Scaffold measuring at least 
2.5 inches, approximately 30% of the oysters on that biologi 
cally accreted scaffold measuring between 1.5 inches and 2.5 
inches, and approximately 55% of the oysters on that biologi 
cally accreted Scaffold measuring 1.5 or fewer inches. 
Accordingly, for many embodiments, the percentage of 
bivalve organisms on the biologically accreted Scaffold mea 
suring at least 1.5 inches is at least 15% of the total bivalve 
organism population on the biologically accreted scaffold at 
any time during the year following the relocation of the bio 
logically accreted scaffold. In a separate but related embodi 
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ment, the percentage of bivalve organisms on the biologically 
accreted scaffold measuring at least 1.5 inches is at least 10% 
of the total bivalve organisms population on the biologically 
accreted Scaffold at any time during the year following the 
relocation of the biologically accreted Scaffold. In a separate 
but related embodiment, the percentage of bivalve organisms 
on the biologically accreted scaffold measuring at least 2.5 
inches is at least 8% of the total bivalve organisms population 
on the biologically accreted Scaffold at any time during the 
year following the relocation of the biologically accreted 
scaffold. In a separate but related embodiment, the percentage 
of bivalve organisms on the biologically accreted scaffold 
measuring at least 2.5 inches is at least 4% of the total bivalve 
organism population on the biologically accreted Scaffold at 
any time during the year following the relocation of the bio 
logically accreted scaffold. 

Example 13 

Relative Strength 
0039) Regardless of the geometry of the original accretion 
scaffold, the biologic accretion of bivalve organisms on the 
scaffold should increase the relative strength of the scaffold. 
That increase in strength contributes to the resiliency of the 
structure in cases where the scaffold is ultimately used as a 
breakwater. The increase in strength of the biologically 
accreted Scaffold over the original accretion scaffold may 
exceed a 50% increase in strength when evaluating the peak 
flexural load of a cross-section of the original accretion scaf 
fold versus a cross-section of the biologically accreted Scaf 
fold. Evaluations of the increase in strength may be con 
ducted using the methods of ASTM C78 for general guidance 
as to the methodology of evaluating the increase in strength. 
In another embodiment the peak flexural load strength of a 
cross section of the biologically accreted scaffold is at least 
two times the peak flexural load strength of the original accre 
tion scaffold without any biological accretions. 

Example 14 

Accretion Scaffold Placement 

0040 Salinity may impact the success of the bivalves in 
both spawning and growing. In certain embodiments, the 
mean annual salinity of the location of initial placement of the 
accretion scaffold may be between 7 and 23 g/kg. In certain 
embodiments, the mean annual salinity of the location of 
initial placement of the accretion scaffold may be between 8 
and 18 g/kg. In certain embodiments, the mean salinity 
between May 1 and September 30 of the location of initial 
placement of the accretion scaffold may be between 8 and 40 
g/kg. In certain embodiments, the mean Salinity between May 
1 and September 30 of the location of initial placement of the 
accretion scaffold may be between 10 and 30 g/kg. 
0041 Salinity may also impact the placement of the bio 
logically accreted Scaffold. In certain embodiments, the mean 
annual salinity of the location of placement of the biologi 
cally accreted scaffold may be between 7 and 23 g/kg. In 
certain embodiments, the mean annual salinity of the location 
of placement of the biologically accreted scaffold may be 
between 8 and 18 g/kg. In particular, because the biologically 
accreted Scaffold contains a living multigenerational popula 
tion of bivalve organisms the biologically accreted scaffolds 
as Subsequently placed may Survive and continue to grow in 
final placement locations with lower than ideal salinity. The 
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biologically accreted Scaffolds may be relocated to a location 
that has a mean salinity between May 1 and September 30 of 
less than 20 g/kg or scaffolds may be relocated to a location 
that has a mean salinity between May 1 and September 30 of 
less than 15 g/kg. Further, the biologically accreted scaffolds 
may be relocated from a first location to a second location 
where the second location has a mean annual salinity that is at 
least 1 g/kg lower than the salinity of the first location. 

Example 15 

Location and Relocation 

0042. Accretion scaffolds and biologically accreted scaf 
folds described herein may be moved, placed, and retrieved 
by a variety of methods including the use of an excavator or 
crane on a barge. Slings, hooks, and beams may be used to lift 
the accretion scaffolds and biologically accreted scaffolds. 
Hydraulically operated equipment may also be used to grasp 
or secure the accretion scaffolds and biologically accreted 
scaffolds for movement. 

Example 16 

Growth and Relocation 

0043. In one embodiment, a ring structure substantially as 
depicted in FIG. 1 having a Concrete cylinder outer diameter 
123 of 58 inches, a Concrete cylinder thickness 120 of 3 
inches and a Total concrete cylinder height 130 of 32 inches is 
placed in an initial location that has waterborne oyster larva 
during a portion of the year. The initial weight of the concrete 
cylinder may be approximately 900 pounds, composed pre 
dominantly of Portland cement, and may be characterized as 
an accretion scaffold. The initial location may have a signifi 
cant wave height of a 1 year return period event that is 0.8 feet. 
The initial location may be located 1 foot below mean low 
water for the initial location. The initial location may have a 
fetch of 200 yards. The accretion scaffold would be left at the 
initial location for a period of time sufficient to accumulate 
three calendar years of spat bivalve attachment. After three 
separate calendar years of spat bivalve attachment the result 
ing biologically accreted Scaffold may weigh approximately 
1900 pounds and would be considered a multi-generational 
sexually mature modular reef. At that time the biologically 
accreted scaffold may have a protrusion variance of 2 inches. 
The biologically accreted scaffold may then be moved to a 
Subsequent location that has an elevation that is 2 feet higher 
than the initial location and 1 foot above mean low water for 
the Subsequent location. The Subsequent location may have a 
significant wave height of a one year return period event that 
is 3 feet. The subsequent location may have a fetch that is 800 
yards. 
0044 As that term is used herein “hard’ indicates a hard 
ness sufficient to serve as a suitable location for the attach 
ment of bivalve organisms and includes for example mortar 
and cement products which have set. 
0045. The above-described embodiments have a number 
of independently useful individual features that have particu 
lar utility when used in combination with one another includ 
ing combinations of features from embodiments described 
separately. There are, of course, other alternate embodiments 
which are obvious from the foregoing descriptions of the 
invention, which are intended to be included within the scope 
of the invention, as defined by the following claims. 
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We claim: 
1. A method of reef construction comprising: 
a. preparing a scaffold comprising an exposed hard cal 

cium containing material; 
b. exposing the scaffold to a first set of conditions in which 

a first group of bivalve organisms attach to the scaffold; 
c. allowing the first group of bivalve organisms to grow to 

sexual maturity Such that a group of sexually mature 
bivalve organisms is present on the scaffold; and 

d. moving the scaffold and the group of sexually mature 
bivalve organisms from a first location having a first 
fetch to a second location having a second fetch; 

e. wherein the second location has a feature selected from: 
i. a second fetch that is at least 50% longer than the first 

fetch and 
ii. a second location that is higher than the first location 
by an elevation change that is greater than 20% of a 
distance equivalent to a mean range of tide at the 
second location; 

f, wherein upon moving the scaffold and the group of 
sexually mature bivalve organisms to the second loca 
tion a first fraction of the group of sexually mature 
bivalve organisms are located above mean low water for 
the second location. 

2. The method of claim 1 wherein the first group of bivalve 
organisms are oysters. 

3. The method of claim 1 wherein a first group of spat 
bivalve organisms attach to the scaffold during a first calendar 
year and wherein a second group of spat bivalve organisms 
attach to the scaffold during a second calendar year. 

4. The method of claim 1 wherein the elevation change is 
greater than 40% of the distance equivalent to the mean range 
of tide at the second location. 

5. The method of claim 1 wherein the second fetch is at 
least 50% longer than the first fetch. 

6. The method of claim 1 wherein the first location is a 
location that has a significant wave height of a 1 year return 
period event that is less than 2 feet. 

7. The method of claim 1 wherein after bivalve attachment 
in two separate calendar years the scaffold and the group of 
sexually mature bivalve organisms have a combined mass that 
is at least 150% of that of a mass of the scaffold as originally 
prepared. 

8. The method of claim 1 wherein the first location has a 
significant wave height of a 1 year return period event that is 
less than % of a significant wave height of a 1 year return 
period event of the second location. 

9. The method of claim 1 wherein a combined mass of the 
scaffold and the group of sexually mature bivalve organisms 
exceeds 400 pounds at the time of moving the scaffold and the 
group of sexually mature bivalve organisms from the first 
location to the second location. 

10. The method of claim 1 whereina combined surface area 
of the scaffold and the group of sexually mature bivalve 
organisms at the time of moving the scaffold and the group of 
sexually mature bivalve organisms from the first location to 
the second location is more than twice a surface area of the 
scaffold as originally prepared. 

11. The method of claim 1 wherein a protrusion variance of 
the scaffold and the group of sexually mature bivalve organ 
isms is greater than /2 inch. 

12. The method of claim 1 wherein at least 15% of bivalve 
organisms on the scaffold at the time of moving the scaffold 
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and the group of sexually mature bivalve organisms from the 
first location to the second location measure at least 1.5 
inches. 

13. The method of claim 1 wherein at least 8% of bivalve 
organisms on the scaffold at the time of moving the scaffold 
and the group of sexually mature bivalve organisms from the 
first location to the second location measure at least 2.5 
inches. 

14. The method of claim 1 wherein a peak flexural load 
strength of the scaffold and the group of sexually mature 
bivalve organisms at the time of moving the scaffold is greater 
than 150% of a peak flexural load strength of the scaffold as 
originally prepared. 

15. The method of claim 1 wherein a mean annual salinity 
of the first location is between 8 and 18 g/kg. 

16. The method of claim 1 wherein the second location has 
a mean salinity between May 1 and September 30 of less than 
20 g/kg. 

17. A method of reef construction comprising: 
a. exposing a man-made scaffold to a first environment 

Such that bivalve organisms grow on the man-made scaf 
fold for a duration sufficient to create a biologically 
accreted Scaffold having two generations of bivalve 
attachment; and 

b. moving the biologically accreted Scaffold to a second 
location; 
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c. wherein the first environment is a first marine environ 
ment; 

d. wherein the second location is in a second marine envi 
ronment, 

e. wherein a biologically accreted component of the bio 
logically accreted scaffold makes up at least 30% of a 
total weight of the biologically accreted scaffold. 

18. The method of claim 17 wherein the second location is 
a location that has a significant wave height of a 1 year return 
period event that is greater than 1 foot. 

19. The method of claim 17 wherein the biologically 
accreted Scaffold contains oysters. 

20. The method of claim 17 wherein the second location is 
above mean low water. 

21. The method of claim 17 wherein immediately follow 
ing the moving of the biologically accreted Scaffold to the 
second location a total wave risk number for the biologically 
accreted scaffold is less than 1.5 ft/lb. 

22. The method of claim 17 wherein immediately follow 
ing the moving of the biologically accreted Scaffold to the 
second location a total wave risk number for the biologically 
accreted scaffold is at least 0.2 ft/lb. lower than a man-made 
partial wave risk number for the biologically accreted scaf 
fold. 


