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Executive Summary 
The Louisiana Department of Wildlife and Fisheries (LDWF) and Lake Pontchartrain Basin 
Foundation (LPBF) entered a cooperative agreement (RFIQ# 514-04.12.18, Supplementary 
Documents 1, 2, 3, 4, & 5;  “Biloxi Marsh Inshore Artificial Reef” PO Number 2000399947 Amdt 
number:01 ) to construct four artificial reefs up to 10 acres in size, in the Lake Borgne and 
Mississippi Sound regions of St. Bernard Parish.  The overall cost of the project was 
$313,058.00 and was split 50/50 with LDWF. 
 

Site choices were influenced by the artificial reef program requirements, such as the draft 
requirement, but also LPBF oyster habitat suitability analyses. The purpose of the reefs was to 
increase hard-bottom habitat for fish, oysters, and other species across a range of salinities, 
while providing recreational angling fishing opportunities for inshore sportsmen. The reefs were 
designed to discourage oyster harvesting, and are restricted from oyster harvest by the 
Louisiana Wildlife and Fisheries Commission. Construction was guided by the National Marine 
Fisheries Service Best Management Practices for Oyster Reef Restoration, and materials 
included 880 tons of limestone, 130 concrete reef balls, and 80 cubic yards of oyster shell. The 
initial permit was submitted to the Louisiana Department of Natural Resources Office of Coastal 
Management (LaDNR) and the U.S. Army Core of Engineers (USACE) in December of 2018, 
revised, and finally approved on March 26, 2019.  

Reef construction was delayed by difficulties with procuring limestone, inclement weather, and 
equipment failures, but was finally started on November 4, 2019, and completed on December 
15, 2019. Post-deployment surveys were conducted in March 2020. The reefs are located in 
Lake Borgne, at Grand Banks, Cabbage Reef, and in West Karako Bay. LDWF has requested to 
keep the permits active past the post-survey approval, as they plan to add improvements (live 
set oyster spat) to the reefs at a later date. This report is the final post-deployment report, and 
complements prior project documentation such as LPBF” Amendment to Cooperative Endeavor 
Agreement Between Louisiana Department of Wildlife & Fisheries and Lake Pontchartrain Basin 
Foundation “Biloxi Marsh Inshore Artificial Reef”” and ”LPBF 2019 Artificial Reef Program 
Deployment Plan with Site Maps (LDWF RFIQ # 514-04.12.18)”.  

The construction cost of the four reefs (excluding pre-deployment surveys, all written reports, 
and overhead) was $56,760 per site including the post-deployment surveys.  The per unit cost 
for the pallet-size reef balls including material and deployment cost was $646 per reef ball.  The 
combined material and deployment cost for the limestone boulders (~10-inch diameter) was 
$560 per cubic yard.  The oyster shell material was an in-kind donation, but the cost to deploy 
the shell was $86 per cubic yard.  Including all costs, the cost per reef was $78,264.   
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Preliminary Site Analysis and Surveys 
Each reef site was permitted for placement within a ten-acre area at 4 locations (Table 1). 
SONRIS was inspected to determine if there were any existing permits, pipelines or other 
conflicts that would hinder the construction or permitting of the planned reefs. NOAA 
bathymetry charts were consulted for depth, and USGS for bottom classification. LPBF Oyster 
Habitat Suitability Analyses were taken into consideration when selecting site locations. 
Preliminary field surveys were performed in May of 2019 by LPBF staff to check for site 
suitability at the Grand Banks, Cabbage, and West Karako reef locations by dredge for bottom 
composition (mud, shell, hash) and poling to determine depth and hardness. Additionally, 
supplementary information was collected at all four locations, and was performed using 
Trimble survey grade equipment with either real time corrections or post kinematic processing 
and a Sonarmite single-beam echosounder. Depths were adjusted to the NOAA Mean Lower 
Low Water Datum using the Bay St. Louis tide station.  

Table 1 Permitted locations of the 4 reefs with approximate center point locations 

Site  Location  Longitude  Latitude  

Lake Borgne Shell Pad (SP)  Lake Borgne, St. Bernard Parish  -89.58511  30.07139  

Grand Banks Reef (GBR)  Mississippi Sound, St. Bernard Parish  -89.38103  30.14724  

Cabbage Reef (CR)  Biloxi Marsh, St. Bernard Parish  -89.24709  30.13317  

West Karako Bay (WKB)  West Karako Bay, St. Bernard Parish  -89.27474  30.01667  
 

Lake Borgne reef site 
The Lake Borgne reef is located in eastern Lake Borgne, on an abandoned shell pad (Table 2, 
Figure 1).NOAA bathymetry charts indicated depths to be from 10 – 11 feet. SONRIS located 
the shell pad in Louisiana mineral leasing tracts 36415 and 37324, revealed that the nearest 
coastal permit line was 0.714299 km away, and that there was a plugged abandoned well on 
the edge of the shell pad (Table 3). USGS classified the area as 1 – 20 % sand, having loose 
sediment composed of slightly gravelly mud, with the dominant sediment being mud. LPBF 
initial surveys of the Lake Borgne shell pad showed bathymetry of 9.3 to 11.8 feet in depth 
(Figures 2 & 3). It was classified as Class 4 (unsuitable) by the MSOOS and MCOOS 2018 Oyster 
HSI analyses. 

https://www.charts.noaa.gov/
https://archive.usgs.gov/archive/sites/walrus.wr.usgs.gov/usseabed/index.html
https://saveourlake.org/lpbf-programs/coastal/technical-reports/
https://saveourlake.org/lpbf-programs/coastal/technical-reports/
https://www.charts.noaa.gov/
https://archive.usgs.gov/archive/sites/walrus.wr.usgs.gov/usseabed/index.html
https://saveourlake.org/?wpdmdl=16044&ind=1564409014031
https://saveourlake.org/?wpdmdl=16044&ind=1564409014031
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Figure 1 Lake Borgne reef site plan showing bathymetry, permit area, 2-acre target area, and materials 
deployment area. 

 

Table 2 Ten-acre permitted area for the Lake Borgne reef site including center point and 4 corners. 

 

 

 

 

 

Table 3 Information regarding the abandoned, plugged well at the Lake Borgne shell pad reef site from 
SONRIS. 

Permit Area Latitude Longitude 
Center 30.07139 -89.58511 

NW 30.072299 -89.586204 
NE 30.072301 -89.584097 
SE 30.070495 -89.583995 
SW 30.070502 -89.586101 

Oil and Gas under 
jurisdiction of 
DNR’s Lafayette 
Conservation 
District 

Well 
Name 

Serial # Lease # API # Permit 
Date 

Spud Date Plug and 
Abandon 
Date 

Original 
Operator 

Field 
Name 

Lake Borgne Shell 
Pad 
 

SL 
2478 

51938 2478 17087000860000 4/15/1954 5/22/1954 6/24/1954 
 

George 
S. Engle 

Wildcat
- SO LA 
New 
Orleans 
DIS  
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Figure 2 LPBF Side Scan Sonar imaging of Lake Borgne shell pad overlaid with boat track color coded by 
depth. Red box defines permit area. 
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Figure 3 LPBF survey of Lake Borgne reef site. 
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Grand Banks reef site 
The Grand Banks reef is located in western Mississippi Sound (Table 4, Figure 4). NOAA 
bathymetry charts indicated depths to be 11 feet. SONRIS located the reef site in Louisiana 
mineral leasing tract 39638. USGS classified the area as 1 – 20 % sand, having loose sediment 
composed of sandy mud, with the dominant sediment being mud. LPBF initial surveys of the 
Grand Banks reef site showed bottom composition was sticky firm mud with softer mud on top 
(Figure 5), and bathymetry of 11.6 – 12.6 feet in depth (Figure 6). The LPBF 2018 oyster HSI 
analyses results were Class 3 for MSOOS and Class 4 for MCOOS. 
 
Figure 4 Grand Banks reef site plan showing bathymetry, permit area, 2-acre target area, and materials 
deployment area. 

 

https://www.charts.noaa.gov/
https://archive.usgs.gov/archive/sites/walrus.wr.usgs.gov/usseabed/index.html
https://saveourlake.org/?wpdmdl=16044&ind=1564409014031
https://saveourlake.org/?wpdmdl=16044&ind=1564409014031
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Table 4 Ten-acre permitted area for the Grand Banks reef site including center point and 4 corners. 

 

 

 

 

 

 

Figure 5 LPBF dredge sample from Grand Banks reef site. 

 

Permit Area Latitude Longitude 
Center 30.14724 -89.38103 

NW 30.148104 -89.3821 
NE 30.1482 -89.380 
SE 30.146402 -89.379996 
SW 30.146301 -89.382046 
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Figure 6 LPBF survey of Grand Banks reef site. 
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Cabbage reef site 
The Cabbage reef is located in western Mississippi Sound (Table 5, Figure 7). NOAA bathymetry 
charts indicated depths to be 13 -14 feet. SONRIS doesn’t locate the site within any permits, or 
near pipelines or wells. USGS classified the area as 1 – 20 % sand, having loose sediment 
composed of muddy gravel, with the dominant sediment being mud. LPBF initial surveys of the 
Cabbage reef site showed bottom composition was firm with mud and shell / shell hash (Figure 
8), and bathymetry of 9.2 – 11.6 feet in depth (Figure 9). The LPBF 2018 oyster HSI analyses 
results were Class 1 for MSOOS and Class 3 for MCOOS. 
 
Figure 7 Cabbage reef site plan showing bathymetry, permit area, 2-acre target area, and materials 
deployment area. 

Table 5 Ten-acre permitted area for the Grand Banks reef site including center point and 4 corners. 

 

 

 

 

Permit Area Latitude Longitude 
Center 30.13317 -89.24709 

NW 30.134101 -89.248198 
NE 30.134098 -89.246096 
SE 30.132306 -89.245999 
SW 30.132199 -89.248094 

https://www.charts.noaa.gov/
https://www.charts.noaa.gov/
https://archive.usgs.gov/archive/sites/walrus.wr.usgs.gov/usseabed/index.html)
https://saveourlake.org/?wpdmdl=16044&ind=1564409014031
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Figure 8 LPBF dredge sample from Cabbage reef site. 
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Figure 9 LPBF survey of Cabbage reef site. 
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West Karako reef site 
The West Karako reef is located in eastern Biloxi Marsh (Table 6, Figure 10). NOAA bathymetry 
charts indicated depths to be 3 - 7 feet. SONRIS shows a coastal permit line (pipeline) crossing 
the southeastern corner of the permit area, and that the site is located in Louisiana Mineral 
Leasing Tract 38210. USGS classified the nearest area (1.3 km east of the site) as 80 - 100 % 
sand, having loose sediment composed of sand, with the dominant sediment being sand. LPBF 
initial surveys of the West Karako reef site showed bottom composition was firm mud with 
little shell (Figure 11), and bathymetry of 8.3 – 10 feet in depth (Figure 12). The LPBF 2018 
oyster HSI analyses results were Class 2 for both MSOOS and MCOOS. 
 

Figure 10 West Karako reef site plan showing bathymetry, permit area, 2-acre target area, and 
materials deployment area. 

 
Table 6 Ten-acre permitted area for the West Karako reef site including center point and 4 corners. 

 

 

 

Permit Area Latitude Longitude 
Center 30.01667 -89.27474 

NW 30.0176 -89.275798 
NE 30.017601 -89.273697 
SE 30.015798 -89.273699 
SW 30.015701 -89.275701 

https://www.charts.noaa.gov/
https://www.charts.noaa.gov/
http://ucmwww.dnr.state.la.us/ucmsearch/FindDocuments.aspx?idx=xrefnum&val=P20050115&qtype=eq
https://archive.usgs.gov/archive/sites/walrus.wr.usgs.gov/usseabed/index.html
https://saveourlake.org/?wpdmdl=16044&ind=1564409014031
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Figure 11 LPBF dredge sample from West Karako reef site. 
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Figure 12 LPBF survey of West Karako reef site. 
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Proposal 
The contractual agreement between LPBF and LDWF (Supplementary Document 1) specified 
that LPBF would furnish and deploy a minimum of 130 reef ball units, 400 tons of approved reef 
limestone, and 82 cubic yards of oyster cultch (later amended to 190 cubic yards of larger (~10 
inch) limestone due to higher deployment costs) across the 4 approved reef sites. Specifications 
were included regarding the quality of materials to be supplied, vessels to be used, and routes 
to be taken when entering the permitted areas.  Additionally, LPBF was to supply 20-foot cane 
poles to mark the designated areas for limestone and reef ball deployment to assist with visual 
confirmation during placement. LPBF deliverables included a detailed pre-reef deployment 
operations plan, 30 day notification prior to deployment, deployment of private aids to 
navigation prior to reef material deployment, and display USACE permits on all participating 
vessels, 24 hour post deployment completion notification, documentation of quantities of 
deployed materials, a post deployment survey with illustrations, elevations, and material 
locations, and a final report including a letter of completion, drawings and surveys. Table 7 
below lists the contractors, and quantity and type of materials provided for this contract. 

Materials and Contractors 

Table 7 List of contractor and material provided for the LPBF / LDWF artificial reef project. 

Contractor Material / Labor Quantity 

LPBF Pre-deployment site survey 
with SSS, and site plans 

 

LPBF 20-foot cane poles 30 

LDWF 4-corners marker buoys to 
mark 2-acre targeted area 
within the permitted area  

16 –4 deployed at each site 

Wet Tech Energy Sea Light yellow SLB700 
marker buoys (permanent) 

4 

Coastal Reef Builders  Pallet-sized reef balls with 
base ring (approximately 4 
feet diameter and 2.9 feet 
height, 1500-2200 lbs. 
weight, 75ft2 surface area, 
0.33 yd3 concrete volume, 17 
– 24 holes)  

130 

Coastal Reef Builders 10” limestone 190 cubic yards 
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LPBF Oyster shell / cultch (clean 
and inspected for foreign 
debris) 

82 cubic yards 

Eddie Hill Transport of oyster shell 
from LPBF site to Hopedale 
Marina 

 

B. Bayhi Jr. Trucking  Transport of limestone to 
Hopedale Marina 

 

Oyster Fishing Industries Oyster shell deployment  

General Engineering and 
Environmental Companies 

Post-deployment survey of 
all 4 reef sites 

 

 

LPBF provided the 20-foot cane (bamboo) marker poles (Figure 13) to assist with locating 
deployment areas for reef balls, limestone and oyster shell. Iron rebar was attached to 
approximately 1/3 of the poles with gorilla tape to assist with placement in hard-bottom areas. 
Colored spray paint and flagging was used to help differentiate poles from one another in the 
field. 

Figure 13 Cane pole markers procured and 
deployed by LPBF to assist with materials 
placement at the reef sites. 
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Marking Buoys (Figure 14) were provided by Wet Tech Energy with the following specifications: 
The chosen model was the USCG approved Sea Lite yellow SLB700 marker buoy, which has 
collision resistant UV stabilized polyethylene, and is filled with closed cell polyurethane foam; 
internal ballast ISO9001:2008, 700 mm/27.5” diameter, 1510 mm/60” height, with shackles for 
connection of mooring configuration. Each buoy has a USCG approved yellow / amber 3Nm LED 
lantern that is s elf contained as a navigational aid. Markings are in 2” black lettering as follows: 
West Karako Reef: A, Cabbage Reef: B, Grand Banks Reef: C, Lake Borgne Reef: D. The mooring 
system for each buoy is 15 – 18’ WD, including a 24” x 24” concrete anchor block weighing 700 
pounds, connected with 3’ x ½” G43 galvanized chain, a ¾” x 25’ single leg wire rope with 
thimbles, and a ½” galvanized eye-jaw swivel assembly. 

Reef balls (Figure 15) use stable concrete suited to the marine environment (AASHTO). Reef 
balls are designed to be stable by the dynamic shape and by the non-solid structure. The reef 
ball base is not solid to prevent lifting pressure by passing waves. The Pallet ball has a four-foot 
diameter with a hole in the center of approximately 1.5 feet. The reef balls had an additional 
“lip” of concrete at the base to create additional stability and a broader base to reduce sinkage. 
The solid base portion is approximately 10 square feet. The dry weight is 1500 to 2,200 pounds, 
and therefore the load in dry weight is 1 to 1.5 PSI. In the submerged environment, this would 
be reduced by approximately 50%, and therefore this reduces the potential for sinkage.  

Figure 14 Example of a marking buoy with 
l  

Figure 15 Example of a pallet sized reef 
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Site Locations and reef plans 
The four permitted reefs were built on Louisiana’s public oyster seed grounds within the 
boundaries indicated by the USACE permit (Figure 16, Tables 8, 9, 10 & 11). The reefs were 
designed to meet the USCG required 6 foot draft, vary in vertical relief and composition 
throughout to prevent theft of materials, create diversity of habitat, provide shelter for juvenile 
aquatic species, and interrupt currents (Figure 17). The Lake Borgne shell pad received 40 pallet 
sized reef balls placed on the flank of the existing shell pad (Figures 18 & 19). No other material 
was placed at this site. The other three sites do not have a shell pad, and therefore, received 
three types of material placed, including large sized limestone (10” diameter), oyster shell, and 
pallet sized reef balls (~30 at each site) (Figures 20, 21, & 22). 
 Figure 16 LPBF / LDWF artificial reefs in relation to the public 

oyster seed grounds in Biloxi Marsh. 
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Figure 17 Standard diagram of artificial reef inclusing reef balls, limestone reef rows, and oyster shell 
cultch. 

 

Lake Borgne reef 

Table 8 Lake Borgne reef permit corners 
and center point. 

Permit Area Center Point 
Latitude Longitude 
30.07139 -89.58511 
Permit Corners 
Latitude Longitude 
30.072299 -89.586204 
30.072301 -89.584097 
30.070495 -89.583995 
30.070502 -89.586101 

 

Figure 18 Lake Borgne reef bathymetry per LPBF survey, 
with 2-acre target area and planned reef ball placement. 
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Figure 19 Diagram of planned profile of Lake Borgne reef on the shell pad. 

 

Grand Banks reef 

Table 9 Grand Banks reef permit 
corners and center point. 

 

Permit Area Center Point 
Latitude Longitude 
30.14724 -89.38103 
Permit Corners 
Latitude Longitude 
30.14724 -89.38103 
30.148104 -89.3821 
30.1482 -89.380  

30.146402 -89.379996 

 
Figure 20 Grand Banks reef bathymetry per LPBF 
survey, with 2-acre target area and planned reef ball 

l t  
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Cabbage reef 

Table 10 Cabbage reef permit corners 
and center point. 

 

Permit Area Center Point 
Latitude Longitude 
30.13317 -89.24709 
Permit Corners 
Latitude Longitude 
30.134101 -89.248198 
30.134098 -89.246096 
30.132306 -89.245999 
30.132199 -89.248094 

Figure 21 Cabbage reef bathymetry per LPBF survey, with 
2-acre target area and planned reef ball placement. 

 
West Karako reef 

Table 11 West Karako reef permit 
corners and center point. 

 

Permit Area Center Point 
Latitude Longitude 
30.01667 -89.27474 
Permit Corners 
Latitude Longitude 
30.0176 -89.27474 
30.017601 -89.273697 
30.015798 -89.273699 
30.015701 -89.275701 

  

 

Figure 22 West Karako reef bathymetry per LPBF survey, 
with 2-acre target area and planned reef ball placement. 
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Deployment 
The deployment timeline (Table 12) was delayed due to inclement weather, and equipment 
failures further complicated timely deployment of reef materials until fall and winter of 2019.  A 
hydraulic failure prevented deployment on November 4th after the Grand Banks limestone had 
been completed. Although conditions were clear on November 5th and limestone was deployed 
at Cabbage reef, the barge grounded en route to the West Karako reef site at 30.01597, -
89.30052 (Figure 23), and then had another hydraulic failure preventing any more deployment 
to take place that day. November 6th had slightly higher winds. Weather prevented reef ball 
deployment until November 20th, during which the weather remained clear until the last day 
(November 23rd.) Logistics (finding a contractor willing to deploy oyster shell) delayed the 
placement of the oyster shell until December 15th, 2019.  

Figure 23 Barge path designated by LDWF for the approach through Biloxi Marsh to the West Karako 
reef site. The barge went slightly off track and grounded at 30.01597, -89.30052 delaying operations 
overnight. 
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Table 12 Deployment dates (and times where available) for the four LPBF / LDWF artificial reefs. 

Deployment Timeline 

Date Lake Borgne 
Reef 

Grand Banks 
Reef 

Cabbage Reef West Karako 
Reef 

10/16/19 Center buoy  Center buoy Center buoy Center buoy 
10/28/19 2-acre, 4 corner 

buoys, 5 Cane 
pole markers & 
1 white float 

2-acre, 4 corner 
buoys, 12 cane 
pole markers 

2-acre, 4 corner 
buoys, 4 cane 
pole markers 

2-acre, 4 corner 
buoys, 8 cane 
pole markers 

11/4/19  1 missing cane 
pole marker 
replaced with 
blue float, 12 
buckets 
limestone 

  

11/5/19   21 buckets 
limestone 

Barge grounded 
en route to 
West Karako 
reef site, waited 
for high tide the 
next morning 

11/6/19  13 buckets 
limestone 

 18 buckets 
limestone 

11/17/19   Replaced 1 of 
the orange 
marker poles 

 

11/20/19   30 reef balls 
(11am – 3 pm) 

 

11/21/19 40 reef balls 
(12:15 pm – 
4pm) 

   

11/22/19  32 reef balls 
(11:30am – 
3pm) 

  

11/23/19    30 reef balls 
(12:30 – 4pm) 

12/15/19  27 cubic yards 
oyster shell 

27 cubic yards 
oyster shell 

27 cubic yards 
oyster shell 
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Markings 
The permanent center marker buoys (Figure 14) were deployed on October 16, 2019 by Wet 
Tech Energy, Inc. at the approximate central location of each reef’s permitted area (Tables 13, 
14, 15, & 16). On October 28, 2019 LDWF deployed marker buoys at the 4 corners of the 2-acre 
target area within each reef’s permitted area (Tables 13, 14, 15, & 16). LPBF deployed color 
coded (sprayed / flagged), 20 foot cane poles on October 28-November 4, 2019 to specify areas 
for planned reef ball, limestone, and oyster shell placement (Tables 13, 14, 15, & 16). 
 
Lake Borgne reef 
On October 28, 2019 LPBF deployed five cane pole markers, and one white float (due to bottom 
hardness preventing cane pole insertion) in an ellipse shape on the perimeter of the shell pad, 
to designate a visual boundary in the field to assist with reef ball deployment (Table 13). Visual 
confirmation of center buoy placement and correct markings was obtained at that date. 
 

Table 13 Locations and descriptions of Lake Borgne reef markers. 

Buoy Location  
Latitude Longitude Buoy “D” 
30.0729 -89.58512 Yellow with Light and lettering 

Marker Poles  
Latitude Longitude Color 
30.07161 -89.58533 Yellow 
30.0715 -89.58480 Yellow 
30.07135 -89.58476 Yellow 
30.07117 -89.5849 Yellow 
30.07144 -89.58543 Yellow 
30.07128 -89.5854 White float (southwest corner) 
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Grand Banks reef 
Twelve marker poles were placed in the shape of 4 triangles at the Grand Banks reef site on 
October 28, 2019. Visual confirmation of center buoy placement and correct markings was 
obtained at that date. Each triangle was assigned a color, (North: Orange, East: Blue, West: 
Yellow, and South: White) to make visual confirmation less difficult (Table 14). Visual 
confirmation of center buoy placement and correct markings was obtained at that date. On 
November 4, 2019 one of the yellow marker poles (missing) was replaced with a blue float. In 
addition, LDWF deployed 4 corner marker buoys to delineate the 2-acre target area. 
 

Table 14 Locations and descriptions of Grand Banks reef markers. 

Buoy Location  
Latitude Longitude Buoy “C” 
30.147312 -89.381063 Yellow with Light and lettering 

2 Acre Corner Marker 
Buoys (deployed by 
LDWF)  
Latitude Longitude  
30.14763496 -89.38147002  
30.14760696 -89.38055296  
30.14677104 -89.38063997  
30.146793 -89.381581  
Marker Poles  
Latitude Longitude Color 
30.14759 -89.38144 Orange (North) 
30.14758 -89.38071 Orange 
30.14736 -89.38094 Orange 
30.14718 -89.3806 Blue (East) 
30.14694 -89.38061 Blue 
30.14721 -89.38096 Blue 
30.14684 -89.38072 White (South) 
30.14712 -89.38187 White 
30.14691 -89.38139 White 
30.14694 -89.38154 Yellow (West) 
30.1475 -89.38153 Yellow 
30.14722 -89.38118 Yellow 
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Cabbage reef 
Four marker poles were placed at the Cabbage Reef site on October 28, 2019 (Table 15). Visual 
confirmation of center buoy placement and correct markings was obtained at that date. On 
November 4, 2019 one of the orange marker poles (missing) was replaced. 
 

Table 15 Locations and descriptions of Cabbage reef markers. 

Buoy Location  
Latitude Longitude Buoy “B” 
30.13317 -89.24709 Yellow with Light and lettering 
Latitude Longitude Color 
30.13363 -89.24627 Orange 
30.13392 -89.24660 Orange 
30.13347 -89.24629 Green 
30.13391 -89.24681 Green 
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West Karako reef 
Eight marker poles were placed at the Cabbage Reef site on October 28, 2019 (Table 16). Visual 
confirmation of center buoy placement and correct markings was obtained at that date. In 
addition, LDWF deployed four corner marker buoys to delineate the 2-acre target area. 
 

Table 16 Locations and descriptions of West Karako reef markers. 

Buoy Location  
Latitude Longitude Buoy “A” 
30.01650704 -89.27461904 Yellow with Light and lettering 

2 Acre Corner Marker 
Buoys (deployed by 
LDWF)  
Latitude Longitude  
30.01656697 -89.27511198  
30.01663604 -89.27388302  
30.01599097 -89.27504199  
30.01594897 -89.27395301  
Marker Poles  
Latitude Longitude Color 
30.016445 -89.273993 Orange 
30.01640 -89.273898 Orange 

30.016234 -89.2739 Orange 

30.016366 -89.274021 Orange 

30.016332 -89.274076 Green 
30.01612 -89.273919 Green 
30.016319 -89.274116 Green 
30.016176 -89.273924 Green 
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Limestone 
The most significant problem with scheduling materials deployment was inclement weather 
that delayed commencement into the fall and winter months. Limestone was deployed from a 
barge (“Super T”) embarking form the Port of Lafitte. Coastal Reef Builders representative Dale 
Minick was present for all three days of deployment. Lake Pontchartrain Basin Foundation staff 
John Lopez and Dwight Williams were on site for deployments on November 4-5. Weather was 
clear, with low winds and sea conditions on November 4-5. Conditions on November 6 had 
slightly higher winds. All limestone deployment (Figures 24 & 25) was complete by the end of 
the day on November 6th, 2019. The total contracted material weight was 600 tons however, 
due to pricing and a size upgrade to 10-inch diameter, the final deployment was 400 tons 
estimated at 190 cubic yards. The volume being deployed was monitored by counting the 
number of buckets (Figure 25). One bucket was approximately 3 cubic yards of material. 
Estimated volume of deployed materials were: 75 yd3 (39%) at Grand Banks reef, 63 yd3 (33%) 
at Cabbage reef, and 54 yd3 (28%) at West Karako reef.  

 

  

Figure 24 Barge with limestone and crane, spudded 
for deployment at Grand Banks reef site 11/5/19. 

Figure 25 Crane deploying limestone at Grand 
Banks reef site 11/5/19. One bucket was ~ 3yd3. 
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Lake Borgne reef 
As planned, no limestone was deployed at the Lake Borgne reef site. 
 
Grand Banks reef 
Twelve buckets (~ 36 yd3) Limestone was deployed at the Grand Banks Reef on November 4th, 
2019. Grand Banks remaining limestone – 13 buckets (~39 yd3) deployment was completed on 
November 6th (the additional bucket was deployed in the western triangle). The planned format 
(Figure 20) was for the limestone to be deployed in the shape of 4 triangles however, full 
coverage of the design areas wasn’t possible with the reduced amount of limestone. The area 
of the 4 triangles for limestone placement ranges from 11,164 to 11,846 sq. ft. / triangle. 
Deployment was from outermost edges of triangles inward working inward with 6 buckets (~ 18 
yd3) of limestone per triangle, with an additional bucket being added to the western most 
triangle for a total of 25 buckets. The total limestone deployed was ~75 yd3. 
 
Cabbage reef 
One bucket of limestone was deployed on November 4, 2019 at Cabbage Reef (A hydraulic 
failure prevented further deployment that day). Cabbage Reef limestone was deployed as 
planned (Figure 21) in 3 rows where the bathymetry was deepest (12 – 12.5 ft.). The 3 
limestone polygon deployment areas range from 1,153 to 5,060 sq. ft. in size. Two rows 
received 6 buckets of limestone each, and the third row received 9 buckets of limestone, 
totaling 21 buckets deployed. Cabbage Reef limestone deployment was completed on 
November 5th. The total limestone deployed was ~ 63 yd3. 
 
West Karako reef 
The barge grounded en route to West Karako Reef (at 30.01597, -89.30052) and had another 
hydraulic failure preventing further deployment that day on November 5, 2019. A total of 12 
buckets of limestone were deployed on 11/6/19 into 2 polygons (6 buckets each). The smaller 
of the 2 original polygons (Figure 22) designated for limestone deployment was enlarged 
slightly to accommodate the amount of limestone being deployed without encroaching on the 
6 foot clearance required by the USCG (see actual lat/long corner points under Marker Poles.) 
Each polygon received 6 buckets of limestone. The total limestone deployed was ~ 36 yd3. 
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Reef balls 
On November 6, 2019 the barges were signaled to begin transport of the reef balls for 
deployment, although this too was delayed by inclement weather. Reef balls were transported 
from Pensacola, Fl. by Coastal Reef Builders using their barge and tug.  Dale Minick was the 
captain and supervisor. John Lopez was present for deployment at all four sites in LPBF's Cape 
Horn boat. Weather was clear and winds low except the last day (11/23).  Reef ball deployment 
was delayed by inclement weather and did not begin until November 20th, 2019.  Photographs 
of side scan sonar were taken during deployment at some sites and reef ball locations (lat/lon) 
were taken from the end of the deployment crane, depth to water surface was also measured. 
John Lopez was monitoring deployment real time with side scan sonar, except for West Karako 
when the Side scan sonar transducer was defective.  The proposed number of reef balls were 
deployed at all sites except two extra (spare) reef balls which were deployed at the center of 
the Grand Banks reef site. All reef balls were placed one at a time with a crane with a GPS 
receiver at the end of the crane. However, it was later determined that the receiving unit on 
the crane was not functional. Positional information was also recorded for each reef ball by a 
hand held unit from the barge, which was functional albeit less accurate. The original proposal 
called for 130 pallet sized reef balls and the total deployed were 132. 

 

 

Figure 26 Barge loaded with reef balls scheduled for deployment 11/20/19. 
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Lake Borgne reef 
Lake Borgne reef ball deployment began and was completed on 11/21/2019 in a ring shape on 
the outer edges of the shell pad (Figures 27 & 28). Deployment began on the western side @ 
12:15pm. The western side had 8 reef balls and depth by deployment cable was ~9 feet. The 
eastern side had 8 reef balls with depth ~ 9 feet. The south flank of the shell pad got 12 reef 
balls (north did as well). A total of 40 reef balls were deployed. Positioning was confirmed by 
GPS and visually established by the marker cane poles placed on site by LPBF.  

 

  

Figure 28 LPBF side scan sonar imaging of some of 
the deployed reef balls at the eastern Lake Borgne 

   

Figure 27 LPBF side scan sonar imaging of some of 
the deployed reef balls at the western Lake Borgne 
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Grand Banks reef 
Grand Banks reef balls (Figure 29) were deployed on 11/22/19 using GPS and marker cane poles 
to confirm correct positioning. Two extra reef balls were deployed at the center of this site 
bringing the total to 32. The deployed reef balls followed the planned “X” formation. Depth (by 
deployment cable) to water surface was ~10 feet. 
 
Figure 29 LPBF side scan sonar imaging of some of the deployed reef balls at the Grand Banks reef site. 
11/22/19 
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Cabbage reef 
The first reef to receive reef balls was Cabbage Reef on 11/20/19. A total of 30 reef balls were 
deployed at Cabbage Reef in 2 rows, similar to the design (Figure 30). Ashley Walker Ferguson 
and Tony from LDWF were on site for the deployment.  The NE row deployment began around 
1:30 pm with depth by deployment cable measured ~ 8 feet to water surface (might be ~7 feet 
at low tide in the evening). A third row of seven reef balls was added at the NW end of the reef 
where the depth was suitable to avoid placing reef balls at the SE end of the western row, 
where depths were shallower. 
 
Figure 30 LPBF side scan sonar imaging of some of the deployed reef balls at the Cabbage reef site. 
11/20/19 
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West Karako reef 
The West Karako (Figure 31) reef balls were put in place on 11/23/19 however the deployment 
was not performed as planned due to equipment failures. Adverse conditions included some 
marker poles missing (1 from NE polygon and 2 form SW polygon), 2’ seas and it was windy, 
side scan sonar was not working, the depth finder was glitch, and the GPS was lagging. Reef ball 
deployment was shifted to slightly deeper waters and deployed in 2 arced rows. The central 
deployment target area for reef balls was slightly shifted in a SE direction. Another row was 
deployed at the SE flank of the NE limestone patch in an arc (in lieu of the western reef ball 
patches – as a precaution because depth finder showed it to be shallower than previously 
measured). Depth by deployment cable was ~8 feet at low tide. There were 15 reef balls in each 
row, and each row was a double arc. The instrument failures prevented accurate positioning 
thus, several reef balls were placed outside of the target area, and 5 were placed slightly 
outside of the USACE permitted area (less than 25 feet). 
 
Figure 31 LPBF side scan sonar imaging of some of the deployed reef balls at the West Karako reef site. 
The mounds created by the limestone boulders is visible on the image. 11/23/19 
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Oyster Shell 
On December 14th, 2019 LPBF staff Tasia Denapolis and John Lopez oversaw the loading of 
approximately 82 cubic yards into dump trucks for transport by Eddie Hill. The shell was 
overturned by the crane for inspection and removal of any foreign debris prior to 
transport from the Pontchartrain Beach location to Hopedale Marina. The shell was then 
loaded onto the Papa Nick (Figure 32) oyster boat and stored overnight before being 
deployed on December 15th, 2019 by Oyster Fishing Industries LLC. Lake Pontchartrain 
Basin Foundation staff John Lopez was present to oversee the deployment. Approximately 
1/3 of the total shell volume was deployed at each of the three reef sites: Cabbage Reef, 
Grand Bay Reef, and West Karako Reef. The 82 yd3 of oyster shell was deployed as 
contracted. 

 

  

Figure 32 Oyster shell deployment from the Papa Nick at Cabbage Reef 12/15/19. 
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Lake Borgne reef 
As planned, no oyster shell was deployed at the Lake Borgne reef site. 
 
Grand Banks reef 
Approximately 27 yd3 was deployed on 12/15/19 (Figure 33). 
 
Figure 33 LPBF field visual survey map of Grand Banks reef site showing bathymetry, reef ball design, 
limestone placement, and approximate area of oyster shell cultch deployment. 
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Cabbage reef 
Approximately 27 yd3 was deployed on 12/15/19 (Figure 34). 
 
Figure 34 LPBF field visual survey map of Cabbage reef site showing bathymetry, reef ball design, 
limestone placement, and approximate area of oyster shell cultch deployment. 
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West Karako reef 
Approximately 27 yd3 was deployed on 12/15/19 (Figure 35). 
 
Figure 35 LPBF field visual survey map of West Karako reef site showing bathymetry, reef ball design, 
expanded area of limestone placement, and approximate area of oyster shell cultch deployment. 
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Results 
Post Deployment Surveys 
Post deployment surveys were performed by Todd Farrar of General Engineering and 
Environmental Companies, Inc. in March of 2020. Water depths were adjusted to MLLW 
elevation using the verified NOAA tide data and checked against a temporary water gauge set 
by GEEC, established via opus static observation collected at the site (Datum NAD83 SPC LA 
South (170) US survey feet). Each survey encompassed the entire permitted area, the 2-acre 
target area, and included elevation, and reef ball placement. The reefs in at Lake Borgne, Grand 
Banks and Cabbage reef were in compliance with the USCG 6-foot draft and within the 
permitted areas. However, the West Karako reef balls had not settled enough to clear the USCG 
6-foot draft and 5 reef balls were just outside of the permitted area. 
 
Lake Borgne reef 
The post-deployment survey (Figures 36, 37, 38, 39, & 40) indicated that the permitted area of 
the Lake Borgne reef site ranged from 7.5 – 11.5 feet deep. The two depths with the largest 
areas were 10.5-11.0 feet deep and 10.0 – 10.5 feet deep. The depth of the shell pad ranged 
from 8.0 – 10.5 feet, and most of the reef balls were placed around the shell pad in 10.5 – 11.0 
feet depths.  All reef balls cleared the 6-foot USCG mandated draft, and were within the 2-acre 
targeted area. 
 
Figure 36 Plan profile of post deployment hydrographic survey for Lake Borgne reef site. 
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Figure 37 Cross section 1 of Lake Borgne reef hydrographic survey. 

 
Figure 38 Cross section 2 of Lake Borgne reef hydrographic survey. 
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Figure 39 Cross section 3 of Lake Borgne reef hydrographic survey. 

 
Figure 40 Heat map of Lake Borgne reef hydrographic survey. 
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Grand Banks reef 
The post-deployment survey (Figure 41, 42, 43, 44, & 45) indicated that the permitted area of 
the Grand Banks reef site ranged from 9.5 – 14.0 feet deep. The two depths with the largest 
areas were 12.0-12.5 feet deep and 12.5 – 13.0 feet deep. Most of the reef balls were placed in 
12.0 – 12.5 feet depths.  All reef balls cleared the 6-foot USCG mandated draft, and were within 
the 2-acre targeted area. 
 

Figure 41 Plan profile of post deployment hydrographic survey for Grand Banks reef site. 
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Figure 42 Cross section 1 of Grand Banks reef hydrographic survey. 

 
Figure 43 Cross section 2 of Grand Banks reef hydrographic survey. 
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Figure 44 Cross section 3 of Grand Banks reef hydrographic survey. 

 
Figure 45 Heat map of Grand Banks reef hydrographic survey. 
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Cabbage reef 
The post-deployment survey (Figure 46, 47, 48, 49, & 50) indicated that the permitted area of 
the Cabbage reef site ranged from 8.0 – 16.0 feet deep. The two depths with the largest areas 
were 10.0-10.5 feet deep and 10.5 – 11.0 feet deep. Most of the reef balls were placed in 10.5 – 
11.0 feet depths.  All reef balls cleared the 6-foot USCG mandated draft, and were within the 
permitted area (3 reef balls were outside the 2-acre targeted area, but within the permit area).  
 

Figure 46 Plan profile of post deployment hydrographic survey for Cabbage reef site. 
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Figure 47 Cross section 1 of Cabbage reef hydrographic survey. 

 
Figure 48 Cross section 2 of Cabbage reef hydrographic survey. 
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Figure 49 Cross section 3 of Cabbage reef hydrographic survey. 

 
Figure 50 Heat map of Cabbage reef hydrographic survey. 
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West Karako reef 
The post-deployment survey (Figure 51, 52, 53, 54, & 55) indicated that the permitted area of 
the West Karako reef site ranged from 5.5 – 10.0 feet deep. The two depths with the largest 
areas were 8.5 – 9.0 feet deep and 9.0 – 9.5 feet deep. Approximately half of the reef balls 
were placed in 9.0 – 9.5 feet depths.  Not all reef balls cleared the 6-foot USCG mandated draft, 
and only 6 reef balls were within the 2-acre targeted area. Nineteen reef balls were outside the 
2-acre target area but within the permitted area, and 5 reef balls were placed outside of the 
permitted area (up to 35 feet away). 
 

Figure 51 Plan profile of post deployment hydrographic survey for West Karako reef site. 
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Figure 52 Cross section 1 of West Karako reef hydrographic survey. 

 
Figure 53 Cross section 2 of West Karako reef hydrographic survey. 
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Figure 54 Cross section 3 of West Karako reef hydrographic survey. 

 
Figure 55 Heat map of West Karako hydrographic survey. 
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Discussion 
On April 16, 2020 the letter of completion (Supplementary Document 6) was sent to the United 
State Army Corps of Engineers, along with the post-deployment survey, and a request to keep 
the permit active to allow for future improvements. LPBF is hopeful that the reefs at Grand 
Banks, Cabbage and West Karako will be able to acquire and support a successful spat set to 
become a source for the surrounding oyster beds. LPBF will continue to facilitate augmenting 
these reefs to enhance their effectiveness for fishing and oyster propagation. LPBF recently 
made recommendations to the LA TIG to locate brood reefs along “brood reef corridors” which 
will promote regional continuity of spawning oysters to increase likelihood of oyster spat sets 
on nearby commercial beds (Figure 56). Furthermore, the recommended brood reef area that 
includes the living shoreline project at Bayou la Loutre has been monitored by Dr. Megan 
LaPeyre for oyster size and abundance each December since 2017. While there was no spat 
detected in 2019, both juvenile and market size oysters were detected indicating that there was 
survival after the 2019 freshwater flood event. This protected area may be an important source 
of larvae production for nearby reefs (USGS Eloi Bay, Figure 56). 

Project costs increased from the original proposal of $311,808.00, to the final total of 
$313,058.00 due to changes made in material specifications (). The preliminary biological 
assessment cost ($46,000.00) did not change. The original reef balls were quoted at $36,400.00 
however, the addition of the concrete ring base added to the final cost ($45,500.00). 
Additionally, the reef ball deployment cost increased from $15,400.00 to $39,940.00 due to 
transportation costs, and wait time at the locks. The limestone cost decreased from $43,200.00 
to $14,199.00 as the size increased from smaller sized rubble to 10-inch boulders but, the 
deployment costs increased from $39,600.00 to $92,199.00 including transportation, loading 
and deployment from the barge. The original cost for the oyster shell cultch was $1,980.00 and 
remained the same, and the cost for the cultch deployment only increased slightly from 
$1,260.00 to $1,980.00. No changes were made to the cost of in-kind donations (report 
writing). The cost of the reef markings decreased from a total of $32,000.00 to $12,236.00, and 
the final post-deployment survey cost ($16,000.00) was lower than anticipated ($32,000.00).  

The construction cost of the four reefs (excluding pre-deployment surveys, all written reports, 
and overhead) was $56,760 per site including the post-deployment surveys.  The per-unit cost 
for the pallet-size reef balls including material and deployment cost was $646 per reef ball.  The 
combined material and deployment cost for the limestone boulders (~10-inch diameter) was 
$560 per cubic yard.  The oyster shell material was an in-kind donation, but the cost to deploy 
the shell was $86 per cubic yard. 

 

 

https://doi.org/10.5066/P9RAWW5V
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Figure 56 LPBF Suggested Oyster Brood Reef Corridors in Southeast Louisiana. 
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Table 17 Combined Actual Cost for reef construction of all four sites 
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Appendix 
Supplementary Document 1 Amended Contract between LPBF and LDWF. 
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Supplementary Document 2 Approval of contract between LPBF and LDWF. 

 

  



 
 

Page | 93 
 

Supplementary Document 3 Paton Application.
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Supplementary Document 4 LaDNR and USACE Joint Permit Application.
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