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BACKGROUND 
 
Globally, the U.S. is a minor producer of aquaculture products, ranking 15th in a United Nations 
Food and Agriculture Organization report (FAO 2014).  It would be beneficial to expand 
aquaculture in the U.S. as approximately 91% of seafood (by value) consumed in the U.S. 
originates overseas.  Roughly half of this comes from aquaculture and has driven the U.S. 
seafood trade deficit to over $11.2 billion annually (NOAA 2016). By passing the National 
Aquaculture Act of 1980 (and subsequent amendments), Congress put forth that it was in the 
national interest and the national policy to encourage the development and reduce regulations 
of aquaculture in the U.S.  However, the past 37 years has not changed anything.  The US still 
is only producing about 1% of the annual global production. 
 
In the early 1990s North Carolina was one of several states to impose a 6-inch minimum size 
limit in part to protect elvers/glass eels for local aquaculture while awaiting recommendations on 
glass eel/elver fishery development that was expected in the Atlantic States Marine Fisheries 
Commission fishery management plan for American eel (ASMFC 2000).  The April 2000 
American eel FMP (Report #36) also shows that the states of New York, Rhode Island, 
Delaware, Maryland and PRFC also took the same measure to protect aquaculture 
development between 1992 – 1995.   
 
In October 2014, the ASMFC adopted Addendum IV to the Interstate Fishery Management Plan 
for American Eel (ASMFC 2014);  
 
http://www.asmfc.org/uploads/file//55318062Addendum_IV_American_Eel_oct2014.pdf). 
 
Addendum IV implemented a provision allowing states and jurisdictions to submit an 
Aquaculture Plan to allow for the limited harvest of American eel glass eels (hereinafter “glass 
eels”) for use in domestic aquaculture facilities.  Specifically, Addendum IV states:  
 

“Under an approved Aquaculture Plan, states and jurisdictions may harvest a 
maximum of 200 pounds of glass eel annually from within their waters for use in 
domestic aquaculture facilities provided the state can objectively show the 
harvest will occur from a watershed that minimally contributes to the spawning 
stock of American eel. The request shall include: pounds requested; location, 
method, and dates of harvest; duration of requested harvest; prior approval of 
any applicable permits; description of the facility, including the capacity of the 
facility the glass eels will be held, and husbandry methods; description of the 
markets the eels will be distributed to; monitoring program to ensure harvest is 
not exceeded; and adequate enforcement capabilities and penalties for 
violations.” 

 
Pursuant to Addendum IV to the Interstate Fishery Management Plan for American Eel, the 
North Carolina Division of Marine Fisheries (NCDMF) is submitting the following Aquaculture 
Plan for approval.  The NCDMF has selected tributaries in watersheds where the state can 
objectively show American eels in these areas minimally contribute to the spawning stock of 
American eel.  Only one aquaculture operation, the American Eel Farm (AEF), has requested to 
be included in the Aquaculture Plan for consideration. 
 
 
 
 

http://www.asmfc.org/uploads/file/55318062Addendum_IV_American_Eel_oct2014.pdf
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POUNDS REQUESTED 
 
North Carolina requests to harvest 200 lb. of glass eels, the maximum amount allowed under 
the Aquaculture Plan provision of Addendum IV to the Interstate Fishery Management Plan for 
American Eel. 
 
 
DATES OF HARVEST 
 
Glass eels shall be harvested from January 1, through May 30, annually or until 200 lb. of glass 
eels are harvested, whichever occurs first. 
 
 
DURATION OF HARVEST 
 
The duration of harvest requested is for a two (2) three (3) year period.  A renewal plan will be 
submitted by June 1, 2019 2020 and at that time additional harvest years will be requested 
along with any modifications deemed necessary to ensure the success and continued approval 
of the plan. 
 
 
METHOD OF HARVEST 
 
NCDMF will limit the number of individuals authorized to harvest under this plan (3 individuals).  
Glass eels shall be harvested using either fyke nets, dip nets or Irish eel ladders.  Fyke nets 
shall be constructed as follows: 

 Shall be thirty (30) feet or less in length from cod end to either wing tip (net length equals 
the wing length plus the distance from throat to cod end) 

 Shall be fitted with netting that measures 1/8-inch bar mesh or less 

 Shall contain a ½-inch or less bar mesh excluder panel that covers the entrance of the 
net 

 Shall have no more than two funnels, one cod end, and two wings 
 
Dip nets shall be constructed as follows: 

 Shall be no more than 30 inches wide at the widest point of the net mouth 

 Shall be fitted with netting that measures 1/8-inch bar mesh or less 
 

Irish eel ladders: 

 Location and construction shall need final approval 
 
To mitigate the harvest of elvers (fully pigmented eels), all captured eels shall be graded upon 
capture on the water using a 1/8-inch bar mesh non-stretchable grading screen and any eels 
that fail to pass through the screen will be immediately returned to the water where captured.  
Any eels that pass through the screen will be harvested and count toward the 200 lb. annual 
glass eel harvest limit. 
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THE CURRENT AND PAST STATUS FOR AQUACULTURE PURPOSES 
 
For more than three or four decades now 100% of our nations’ natural resource of glass eels 
have been exported overseas to the Asian market.  With most of these eels being placed in 
Chinese fish farms for grow out.  Products are then made (mostly kabiaki unagi) and sent back 
to the US increasing our trade deficit.  There have been many cases over the years where the 
FDA has ban eel products due to unapproved growth hormones as well as other unapproved 
chemicals being found when tested. 
 
American Eel Farm (formally North Carolina Eel Farm) has been the only exception.  
Throughout the early to the late 2000’s glass eels were purchased from Maine fisherman and 
brought to the farm for grow out. There was a time when the former owner paid just $60/pound.    
 
Currently, 100% of the glass eels harvested in Maine and South Carolina are exported.  No 
grow out data on any commercial level is being collected.  No value-added job opportunities for 
US employees is realized.  No US market being developed. 
 
 
MINIMAL CONTRIBUTION  
 
While we have no quantitative data on the abundance of glass eels, it could be argued the 
harvest of 200 lb. of glass eels is limited enough to have a minimal impact on the spawning 
stock of American eel (see Appendix 1).  Natural mortality is thought to be very high during the 
early life stages (leptocephalus, glass eel, and elver) due to the high fecundity of American eel 
(ASMFC 2000, 2012).  Assuming a mortality rate of ~97-98%, of the 200 lb. of glass eels 
proposed to be harvested, approximately 195 lb. would otherwise perish naturally in the wild.   
 
The American eel has a broad geographic distribution range from the Caribbean to Canada.  
And is found in many US interior states as well.  It is well known that there is no successful 
commercial hatchery on the planet for the Anguilla rosrtata.  It is also accepted by the scientific 
community that the species dates well back in history and has the characteristic of panmixia 
(Conclusive evidence for panmixia in the American eel, Cote).  Anguilla rostrata’s panmictic 
population allows for all individuals to be a potential partner.  This provides for a very large 
single biomass spanning along the entire eastern seaboard of the US.   
 
 
ATLANTIC SEABOARD WATERSHED 
 
The Atlantic seaboard watershed is a watershed of North America along both: 
 
 The Atlantic Canada (Maritimes) coast south of the Gulf of Saint Lawrence Watershed, and 
 The East Coast of the United States north of the watershed of the Okeechobee Waterway. 

The relatively narrow continental area is demarcated on the south by drainage to the 
Okeechobee Waterway (which drains both westward to the Gulf and eastward to ocean), the 
Eastern Continental Divide (ECD) to the west, and the Saint Lawrence divide to the north. 
US physiographic regions of this watershed are the Atlantic Plain and the Appalachian 
Mountains & Highlands. Major sub-watersheds of the Atlantic Seaboard are the following 
(north-to-south): 

 
Sub-watersheds adjacent to the Saint Lawrence divide 
 Chedabucto Bay: 2,148 square miles (5,560 km2) 

https://en.wikipedia.org/wiki/Maritimes
https://en.wikipedia.org/wiki/Gulf_of_Saint_Lawrence
https://en.wikipedia.org/wiki/East_Coast_of_the_United_States
https://en.wikipedia.org/wiki/Okeechobee_Waterway
https://en.wikipedia.org/wiki/Okeechobee_Waterway
https://en.wikipedia.org/wiki/Eastern_Continental_Divide
https://en.wikipedia.org/wiki/File:NorthAmericaDivides.gif
https://en.wikipedia.org/wiki/United_States_physiographic_region
https://en.wikipedia.org/wiki/Atlantic_Plain
https://en.wikipedia.org/wiki/Appalachian_Mountains
https://en.wikipedia.org/wiki/Appalachian_Mountains
https://en.wikipedia.org/wiki/Chedabucto_Bay
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 Gulf of Maine: 69,115 square miles (179,010 km2) 
 Long Island Sound: 16,246 square miles (42,080 km2) 
 Lower New York Bay: >14,000 square miles (36,000 km2) 

 
Other notable sub-watersheds 
 Delaware Bay: 14,119 square miles (36,570 km2) — larger than several, but not adjacent to 

either divide 
 Chesapeake Bay: 64,299 square miles (166,530 km2) — adjacent to both divides (at the 

Triple Divide point) 
 

Sub-watersheds adjacent to the Eastern Continental Divide 
 Albemarle Sound: >14,380 square miles (37,200 km2) 
 Winyah Bay: >7,221 square miles (18,700 km2) 
 Santee River: >4,531 square miles (11,740 km2) 
 Savannah River: 9,850 square miles (25,500 km2) 
 St. Johns River: 8,840 square miles (22,900 km2) 
 Biscayne Bay: >2,800 square miles (7,300 km2) 
 Kissimmee River: >3,000 square miles (7,800 km2) 

 
The catch data of the American eel shows that the majority of wild caught adults come from the 
Chesapeake Bay and the Delaware Bay water basins.  The figure is about 800,000 pounds per 
year from both.  Catch data also reflects that the overwhelming majority of glass eels are 
harvested in Maine from the Gulf of Maine watershed.  Any harvesting in the North Carolina 
watershed of Albemarle Sound for glass eels would clearly have little impact on the massive 
biomass migrating along the eastern seaboard with help from the Gulf Stream and Labrador 
Currents.   
 
Additionally, it is understood that the voting members of ASMFC took into consideration that all 
states may have applications for an aquaculture quota and included that language in Addendum 
IV.  That would be a total of 2,800 pounds harvested from the biomass migrating out of the 
Sargasso Sea.  In the past three years there has only been an aquaculture plan submitted by 
the state of North Carolina.  Primarily due to the ideal conditions for aquaculture that exist in the 
southeast and specifically the state of North Carolina.   
 
LOCATION OF HARVEST 
 
North Carolina’s internal waters are classified as either inland, joint or coastal fishing waters.  
The North Carolina Marine Fisheries Commission (NCMFC) and NCDMF have jurisdiction of 
coastal waters while the North Carolina Wildlife Resources Commission (NCWRC) has 
jurisdiction of inland waters and both agencies (NCWRC and NCMFC/NCDMF) have authority 
within joint waters.  Other than a few specific regulations, none of which pertain to American eel, 
commercial activities and recreational activities using commercial gear (devices) occurring in 
joint waters is under the jurisdiction of the NCMFC/NCDMF. For the purposes of this plan, all 
glass eel harvest will be restricted to either coastal or joint waters.  
 
 
GLASS EEL HARVEST SITES  
 
1.) Albemarle Sound and tributaries 
2.) Pamlico Sound and tributaries 
3.) Newport River and tributaries 

https://en.wikipedia.org/wiki/Gulf_of_Maine
https://en.wikipedia.org/wiki/Long_Island_Sound
https://en.wikipedia.org/wiki/Lower_New_York_Bay
https://en.wikipedia.org/wiki/Delaware_Bay
https://en.wikipedia.org/wiki/Chesapeake_Bay
http://geonames.usgs.gov/pls/gnispublic/f?p=127:3:1123659760449078::NO::P3_FID,P3_TITLE:1201370%2CTriple%20Divide
https://en.wikipedia.org/wiki/Albemarle_Sound
https://en.wikipedia.org/wiki/Winyah_Bay
https://en.wikipedia.org/wiki/Santee_River
https://en.wikipedia.org/wiki/Savannah_River
https://en.wikipedia.org/wiki/St._Johns_River
https://en.wikipedia.org/wiki/Biscayne_Bay
https://en.wikipedia.org/wiki/Kissimmee_River
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4.) North River and tributaries 
 
 
NCDMF MONITORING PROGRAM 
 
In addition to Aquaculture Operations/Collection General Permit Conditions in rule (NCMFC 

Rule 15A NCAC 03O .0502) and Aquaculture Operations/Collection Specific Permit Conditions 

(NCMFC Rule 15A NCAC 03O .0503F), to monitor and regulate the harvest of glass eels, the 

NCDMF will issue an Aquaculture Collection Permit (ACP) to the AEF with additional permit 

conditions specific to the N.C. Aquaculture Plan that only apply while engaged in glass eel 

harvest (ACP) or grow out (AOP) activities authorized under the N.C. Aquaculture Plan for 

American Eel.  To aid in monitoring and enforcement the NCDMF will limit the number of 

individuals authorized to harvest under the ACP (3 individuals).  The permittee listed on the 

ACP must possess a valid North Carolina Standard Commercial Fishing License (SCFL) or 

Retired Standard Commercial Fishing License (RSCFL) issued by the NCDMF.  The permittee 

listed on the ACP shall provide names and licensing data for all designees in the harvest of 

glass eels.  Any vessels used for glass eel harvest under the ACP shall have a valid North 

Carolina Commercial Fishing Vessel Registration (CFVR) issued by the NCDMF. Restrictions 

will be placed on the ACP requiring certain conditions and procedures to be followed, such as: 

 
GENERAL CONDITIONS 
 

 Glass eels harvested from N.C. coastal fishing waters shall not be exported or sold until 
they reach the minimum legal size of nine inches total length. 

 No more than one (1) permittee and two (2) designees shall be authorized to harvest 
under the ACP 

 No more than two (2) mates will be allowed to assist the permittee or designees while 
fishing for glass eels  

 The permittee/designee(s) and any vessel participating in the glass eel harvest must be 
properly licensed by the NCDMF and abide by all fisheries rules and permit conditions 

 Fyke nets, dip nets, and Irish eel ladders are the only gear authorized to use for glass 
eel harvest under the ACP 

 No more than thirty (30) fyke nets and/or dip nets and/or Irish eel ladders in any 
combination may be fished by the permittee/designee(s) under the ACP 

 A fyke net may not be placed within fifty (50) feet of any part of another fyke net 

 All gear shall be removed from the water from 12:01 pm on Friday through 12:01 pm on 

Sunday.  This creates a 48-hour rest period to allow glass eels to migrate up these 

smaller systems to help minimize the impact to the spawning stock. 

 January 1 through May 30, fyke and dip nets for glass eel harvest may be fished at all 
hours during the week.  Fyke nets may have their cod ends closed during the day, 
however from 12:01 pm on Friday through 12:01 pm on Sunday fyke nets may remain in 
the water but the terminal portion of a fyke net cod end shall contain a rigid device with 
an opening not less than three (3) inches in diameter and not exceeding eight (8) inches 
in length that is not obstructed by any other portion of the net and dip nets may not be 
used.  This creates a 48-hour rest period to allow glass eels to migrate up these smaller 
systems to help minimize the impact to the spawning stock. 

 Immediately report to NCDMF if a net is tampered with and location of the net and the 
date and time it was noticed 
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 Report to NCDMF when each fyke net is removed from the water. If a net is moved, the 
new coordinates must be reported once the net is reset.  If multiple nets are moved the 
same day, coordinates may be provided once all the nets have been reset.  If a net(s) is 
removed and not reset, it must be reported upon returning to the landing site. 

 Purchased American eels (glass eels, elvers, or yellow eels) shall be kept separate from 
eels that were harvested as glass eels within N.C. and grown out to yellow eels 

 All gear and harvest restrictions detailed in the Method of Harvest section will be listed 
as conditions under the ACP 

 Catch per unit effort (CPUE) data will be collected for each piece of gear.  Information 
collected will include: approximate time the gear began and ending fishing and the 
number of glass eels harvested.  All CPUE data will be reported to the eel biologist by 
the 10th of the following month. 

 
 
BEFORE HARVEST 
 
Fishermen harvesting glass eels under the ACP shall call-in to NCDMF the following 
information: 
 

 Daily: 
o Landing site they will be leaving from and returning to once fishing activity is 

complete 
o Names of individual(s) involved shall be reported at the beginning of the season 

and any changes or additions would be immediately reported. 
o Number of fyke nets, dip nets, and Irish eel ramps that will be used 
o Description and registration number of the boat(s) to be used for harvest shall 

require a one time and report and if any changes occur they would need to be 
reported 

o Description and license plate number of the vehicle(s) to be used for harvest 
shall require a one time and report and if any changes occur they would need to 
be reported 

 
 
DURING HARVEST 
 

 Require the use of a 1/8-inch bar mesh non-stretchable mesh grading screen to cull the 
glass eels at the harvest site to limit the harvest of elvers 

 
 
AFTER HARVEST 
 

 GPS coordinates of each net once they are set, if multiple nets are set the same day, 
coordinates can be provided once all the nets have been set.   

 Require AEF to hold all glass eels that perish during transport to the facility and all eels 
that perish in the facility for inspection 

 All glass eels that perish during transport will count against the 200 lb. harvest limit 

 Require AEF to call-in or email to NCDMF by 5:00 pm each day the total harvest for the 
previous day in pounds to the nearest 0.1 lb. of glass eels received (including those days 
when no glass eel harvest occurred).  Zero pounds shall only be reported if no glass eels 
are harvested and received. 
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The above conditions and procedures will allow the NCDMF to limit the effort (amount of gear 
and number of individuals) involved in glass eel harvest under the Aquaculture Plan.  These 
controls will allow the NCDMF to ensure the glass eel harvest does not exceed what is 
authorized in the Aquaculture Plan.  Any harvest that exceeds the 200 lb. harvest limit shall be 
immediately returned to the water where captured. 
 
 
ENFORCEMENT CAPABILITIES AND PENALTIES FOR VIOLATIONS 
 
Violations of the ACP permit conditions will be addressed according to the NCDMF SOP for 
Permit Violations and suspensions will be carried out in accordance with NCMFC Rule 15A 
NCAC 03O .0504 (see Appendix II). 
 
All charges for violations will be charged under N.C. General Statute § 113-187 (d) (4): Violating 
the provisions of a special permit or gear license issued by the Department.  All fines will be at 
the discretion of the court; however, fines may not always be levied for the first offense. 
 
The call-in requirements under the Monitoring Program section will allow enforcement officers to 
know when and where lawful harvest is occurring.  It will also allow for random inspections to 
take place at the harvest and landing sites to ensure the conditions of the permit and all 
applicable NCMFC rules and regulations are being followed.  Random inspections will also be 
performed at the aquaculture facility to ensure the proper records are being kept to account for 
all eels in the facility as required under N.C. General Statute § 113-170.3 and NCMFC Rule 15A 
NCAC 03O .0502 (8) (see Appendix III). 
 
 
SIZE LIMIT EXEMPTION 
 
The intent is to raise the eels as close as possible to the legal minimum size of 9 inches total 
length prior to sale.  Given the difficulty in measuring live eels, prior to sale, all eels shall be 
graded using a ½-inch by ½-inch non-stretchable mesh grading screen.  Any eels that do not 
pass through the grading screen may be sold and any that pass through the grading screen 
shall remain in the possession of the AEF until such time as the eels are large enough to not 
pass through the grading screen.  On inspection, a 10% tolerance by number will be allowed for 
eels that pass through the grading screen. 
 
 
PRIOR APPROVAL OF PERMITS 
 
The AEF has all necessary permit approvals in place with the exception of an Aquaculture 
Collection Permit from the NCDMF.  This permit will be issued upon approval of the Aquaculture 
Plan by the ASMFC American Eel Management Board.  The permits currently held by the AEF 
are: 
 

 North Carolina Department of Agriculture Aquaculture Operation Permit valid until 2017 

 North Carolina Division of Marine Fisheries Aquaculture Operation Permit renewed 
annually.  To be eligible for an ACP, an Aquaculture Operation Permit is required (see 
Appendix IV: NC Marine Fisheries Commission (NCMFC) Rule 15A NCAC 03O .0501 
(e)) 

 North Carolina Division of Marine Fisheries Standard Commercial Fishing License 
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 North Carolina Division of Marine Fisheries Dealer License 
 
As noted in NCMFC Rule 15A NCAC 03O .0501 the appropriate licenses from the Division of 
Marine Fisheries must be held by the permittee.  A North Carolina Standard Commercial Fishing 
license is required to fish commercial gear such as fyke nets, a Commercial Fishing Vessel 
Registration (CFVR) is required for vessels used to harvest seafood and a Dealer License is 
required to sell fish taken from the coastal fishing waters.   
 
 
DESCRIPTION OF THE MARKET 
 
The AEF indicated they have identified clients for food and bait markets domestically as well as 
overseas.  The long-term intent is to develop and expand the US domestic market as much as 
possible.  For proprietary business reasons, specific details were not provided. 
 
 
DESCRIPTION OF THE FACILITY 
 
American Eel Farm 
1633 NC HWY 41 West 
Trenton, NC 28585 
 
History, Design, Capacities and Technical Facts 
 
The AEF, located in Trenton, North Carolina, is a state-of-the-art Recirculated Aquaculture 
System (RAS) which has been operating since 2003  
 
Below are two You Tube links that show videos of the facility: 
 
https://www.youtube.com/watch?v=4YnQn7aivw4 
 
https://www.youtube.com/watch?v=1wUiwmzO-TI 
 
It is a proven Danish system designed overseas by Inter-Aqua Advance for eel grow-out and 
imported to the US by William Bokolar and Marty Bouw to US into the state of VA.  The state of 
VA granted an 800 kilogram harvester permit for glass eels in 1999 as outlined in the ASMFC 
American eel April 2000 FMP Report #36 for this facility. 
 
The AEF was initially operated in North Carolina as the North Carolina Eel Farm (corporate filing 
date May 21, 2002). It was purchased from the original owners by George Koonce and 
transported to Jones County.  The original location suffered a hurricane and was moved to its 
current location. The facility has a 15-year operation history in North Carolina.  There is no other 
facility specifically designed to grow out glass eels to yellow eels at a commercial level in the 
US.  The facility has the capacity to easily grow-out in excess of 900 pounds of glass eels.   
There is historical proprietary data on a large scale commercial level that no current fish farm, 
University, or government agency in the US can match. 
 
The facility has three separate closed recirculating systems. The two main systems are identical 
RAS units each containing twelve (12) 1,000 gallon tanks and independent water treatment 
systems for both RAS units.   Each RAS contains twelve (12) raceway tanks with 900 US usable 
gallons. Water is purified, restructured and super oxygenated. 

https://www.youtube.com/watch?v=4YnQn7aivw4
https://www.youtube.com/watch?v=1wUiwmzO-TI
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Raceway Tanks 
 
Each section contains 12 raceway tanks.  The facility has two separate treatment sections and 2 
large 10,000 gal temporary storage tanks with filtration and aeration.  Each raceway tank is 
equipped with a fine screen outlet complete with a tertiary motorized brush system, to keep the 
mesh clean. In each tank, there are also level switches that give alarm for high water 
level.  These large rectangular fiberglass tanks hold about 1,000 gallons of water. Here is the 
home of the eels while we are their stewards.  
 
Each tank is outfitted with aeration provided by large Sweetwater pumps and back-up 
emergency oxygen lines which automatically activate in case of a power outage. Each tank also 
can be isolated from the system and individually cleaned if necessary without draining entire 
system. 
 
There are three automatic feeders for the first three tanks that are ideal for the small eels.  As 
they are graded the larger eels can be fed by hand or additional automatic feeders can be 
installed. 
 
Monitoring Systems 
 
There is a new Pacific Oxyguard water quality monitoring system that monitors pH, oxygen 
saturation levels, water levels and temperature.  The system can send alarms remotely and is 
programmed to call to a farm manager’s cell phone as well as four other programmed numbers 
if any levels drop or change as per settings logged into system.  The system can be expanded 
by adding more test probes and programming if desired. 
 
This system design is based on proven Anguilla anguilla, A. mossambica, A. bicolor and A. 
marmorata aquaculture techniques.  The systems are technically sound, energy efficient, and 
easy to operate.  The system has been successful with American eels as proven by recorded 
growth rates, low food conversions and low incidence of disease and mortality. 
 
Mechanical Filtration 
 
Attached to those 24 tanks is a complete water treatment unit equipped with a HydroTech drum 
filter type 803 / 40 micron mechanical filtration unit. This unit has a max flow of 31,500 gal/hour 
or 63,000 gal/hour if both sections are in operation.  The two drum filters sieve feces and other 
large particles out of the water.  The filters are continuously sprayed (adjustable timing possible) 
with water to self-clean.  The waste water runoff from this event drains into a small channel 
within the drum filter and then drains into a system pipe which gravity feeds into the main 
channel in the tank room that runs the full distance from tank #1 to tank #24 where the waste 
water is then pumped into a small settling pond on the property by a sump pump through a 12" 
PVC drain pipe. 
 
Biological Filtration 
 
After mechanical filtration, water is gravity fed into 2 parallel 18 foot tall silos (four total for both 
sections) with patented Inter Aqua Advance (IAA) A/S Moving Bed Bio Reactor (MBBR) 
technology for biological treatment of the water (removal of ammonia and dissolved organic 
matter).  Each silo has a volume of 1,300 gallons and is 55 % filled with IAA bio-curler bio 
media.  This technology is superior to simple trickling filter bioreactors in that the attached 
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blower motors run constantly to keep the media moving.  This also acts as a self-cleaning 
process within the silos and contributes to the CO2 stripping process. Nitrifying bacteria create a 
film on the media and converts ammonia to a nitrate.  Safe for the fish and excellent for growing 
plants!  Two steps:  NH3 + O2 ? NO-2 + 3H+ + 2e-, NH3 + O2 + 2H+ + 2e- ? NH2OH + ?H2O. 
 
With an optimum temperature for the growth of the eel at 24 degree C. or 74 degree F. The 
water treatment unit will be able to handle up to 250 lb. dry feed per day per section (500 lb. per 
day total). After the MBBR water flows by gravity into a common pump sump. 
 
The water can be circulated with 3 separate pumps (per section, 6 pumps total), one 3 HP Low 
Head main pump and two 3 HP medium pressure pumps with 20 psi into two oxygen-cones (per 
section 4 total) for supersaturating of liquid oxygen into the water. In total the 3 pumps give a 
minimum flow capacity of 31,500 gal/hour (63,000 gal/hour total). 
 
CO2 Stripper 
 
There is a carbon dioxide stripper for tanks #1 - #24 which has counter flow packed tower 
technology and utilizes structured packing of vacuum formed sheets of PVC. These packing's 
will provide maximum wettability, thereby maximizing the stripping effort. 
 
Ultraviolet Lighting (UV) 
 
Water flows through the center of a cylindrical housing.  The water passes through the device 
and the UV lighting assists in disinfecting the water by destabilizing the DNA of germicidal 
bacteria   The water is surrounded by UV bulbs in special waterproof housings.  The DNA in the 
bacteria is "blown-up".  The UV system has recently had the bulbs updated.  However there 
have been reports that a UV disinfection system is not needed with eels so this system may be 
reconsidered. 
 
Super Oxygenation 
 
The water is injected through a top mount opening into 10 foot tall Oxygen cones (4 total). As it 
spills into the pool below a vortex is created and splashing occurs.  The water is restructured as 
bubbles are produced.  Liquid Oxygen is injected into these bubbles under 20 PSI pressure 
(PV=nPT).  There is a back-up liquid oxygen system tied into the main oxygen source with two 
air stones per raceway as a safety net.  It is serviced simply by attaching the flow meter to a 
large liquid oxygen tanks. Should there be the need, the main liquid oxygen source would back 
feed the 26 tanks with 150 PSI automatically. 
 
Water Supply 
 
The system is supported by three deep water wells all of which are operable and are wired with 
three phase wiring for better conservation as well as on independent breakers so as to always 
allow for a water source to be actively supplying water.  One is about 300’ deep and the other 
two about 200’.  Jones County is part of the North Atlantic Coastal Plain aquifer.  And is 
conveniently located where the Castle Hayne, Pee Dee and Black Creek aquifers intersect.  
Additionally, there is public water tied into the facility. 
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Water Softening System 
 
There is a large commercial grade water softening system that all water passes through prior to 
entering any portion of the facility.  The purpose is to change the molecular structure of the 
Ferrous Iron from the ground water to prevent it from becoming Ferric Iron once oxidized.  The 
rust colored sediment that can cause operating issues. 
 
Valve System 
 
The facility has many valves which assist in directing water flow.  Also enables the operator to 
isolate any section, component or well source. 
 
There is 440 electric service at pole. There is a heating system that can heat the water entering 
from the wells prior to entering the main water source if needed by passing heated water 
through several tubes mounted in the well reserve tanks for both sections. These well reserve 
tanks are equipped with automated on/off valves allowing water to be called automatically from 
the well when the water level reaches a preset level. 
 
The water is distributed back to the raceway tanks via a common pipe manifold situated on the 
wall at the end of the tanks, with a separate valve to each tank for maintenance. A flow rate of 
31,500 gal/hour (per system or 63,000 gal/hour total) will give an exchange rate of 3 to 5 
times/hour to maintain self-cleaning and an adequate oxygen level in the raceway. 
 
There is a third system which has two large 9,000 gallon tanks supported by similar filtration, 
aeration and small bio-reactors.  This system is separate from the other two.  Total capacity for 
AEF is about 50,000 gallons with about 40,000 being usable.  Additionally, there is plenty of 
room to expand on the flat 2-acre site on which the facility is located.  With 226 days a year of 
sun and a mean annual temperature of 70 degrees there is also a great opportunity to develop a 
medium to large scale aquaponics system on site. 
 
In addition to the main tank room and the state-of-the-art water treatment room there is a main 
office area, sales office area, employee dinning, a furnished residential area, a full bathroom 
with laundry, a feed room, packaging room, a mechanical room, an electrical room, storage 
rooms and two large covered exterior areas one @ 15’ X 85’ and the other @ 15’ X 50’.  The 
grounds are gated and there is a security system with 16 infrared cameras capable of being 
viewed remotely.  The facility has cable connections for internet and TV as well as two satellites 
for backup.  The steel building construction is insulated with pressed foam to help minimize 
temperature fluctuations on hot or cool days. The roof was replaced with a steel roof about six 
years ago.  There is a heating system but it is not necessary to use when system is running due 
to local climate and the ground water temp of 68 degrees.   
 
With the general geographic location being the Southeast USA along with the well-insulated 
building the water temperature for maximum growth rate could be efficiently maintained.  
Trenton, NC has a climate that is very suitable to aquaculture/agriculture in general.  The annual 
average mean temperature is 70 degrees where the ideal temp for grow-out of eels is 74 
degrees.  There is no snow fall (very rare) and few days below freezing (very rare). 
 
Eel Grow Out 
 
Eels can be stocked in high densities in the raceway tanks.  Stocking densities of 300 kg/m3 or 
2(+) lb./gal are often seen in eel farms.  It is estimated that juvenile eels have an oxygen 
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demand of 300 mg/kg/hour.  The liquid oxygen system at the AEF is sufficient to reduce 
mortality and sustain eels in high densities.  Estimated grow out time from the glass eel phase 
to 9 inches averages around 210 days.  Individual eels grow at different rates so total grow out 
time will be longer.  Due to the varying growth rates, it is estimated that one-third of the eels will 
be harvested in 5 - 7 months, another group will be harvested at 8 - 10 months, and the rest will 
be harvested at 11 - 12 months after harvest. 
 
A large mobile stainless-steel grading machine in the main tank room will be used to grade the 
eels every four to six weeks.  A well-managed RAS eel farm can expect a weaning rate of 80 - 
90%. Eels feed ratio is greater than 1:1 in most studies depending on the amount of protein in 
the feed. There are studies in Japan and China that show a faster grow out however this outline 
is one the AEF is comfortable with. 
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FIGURES 
 

 
 
Figure 1.  General location of proposed harvest areas (green circles) along the North Carolina 

coast.  
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APPENDIX I 
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APPENDIX II 
 
NC Marine Fisheries Commission Rule 15A NCAC 03O .0504: 
 
15A NCAC 03O .0504 SUSPENSION/REVOCATION OF PERMITS 

(a)  For violation of specific permit conditions (as specified on the permit), permits may be suspended or revoked 

according to the following schedule: 

(1) violation of one specific condition in a three year period, permit shall be suspended for 10 days; 

(2) violation of two specific conditions in a three year period, permits shall be suspended for 30 days; 

(3) violation of three specific conditions in a three year period, permits shall be revoked for a period 

not less than six months. 

If the permit condition violated is the refusal to provide information upon request by Division staff, either by 

telephone, in writing or in person, the Fisheries Director may suspend the permit.  Such permit may be reinstated 10 

days after the requested information is provided. 

(b)  All permits will be suspended or revoked when the permittee's license privilege has been suspended or revoked 

as set out in G.S. 113-171.  The duration of the suspension or revocation shall be the same as the license suspension 

or revocation.  In the event the person makes application for a new permit during any period of license suspension, no 

new permit will be issued during the suspension period.  In case of revocation of license privileges, the minimum 

waiting period before application for a new permit to be considered will be six months. 

(c)  Permit designees shall not be permitted to participate in a permit operation during any period they are under license 

suspension or revocation. 

(d)  Upon service of a notice of suspension or revocation of a permit, it is unlawful to fail to surrender any permit so 

suspended or revoked. 
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Appendix III 
 
NC General Statute 113-170.3: 
 
G.S. 113-170.3.  Record-keeping requirements. 

(a) The Commission may require all licensees under this Article to keep and to exhibit upon the request of an 

authorized agent of the Department records and accounts as may be necessary to the equitable and efficient 

administration and enforcement of this Article.  In addition, licensees may be required to keep additional 

information of a statistical nature or relating to location of catch as may be needed to determine conservation 

policy. Records and accounts required to be kept must be preserved for inspection for not less than three 

years. 

(b) It is unlawful for any licensee to refuse or to neglect without justifiable excuse to keep records and accounts 

as may be reasonably required.  The Department may distribute forms to licensees to aid in securing 

compliance with its requirements, or it may inform licensees of requirements in other effective ways such as 

distributing memoranda and sending agents of the Department to consult with licensees who have been 

remiss.  Detailed forms or descriptions of records, accounts, collection and inspection procedures, and the 

like that reasonably implement the objectives of this Article need not be embodied in rules of the Commission 

in order to be validly required. 

(c) The following records collected and compiled by the Department shall not be considered public records 

within the meaning of Chapter 132 of the General Statutes, but shall be confidential and shall be used only 

for the equitable and efficient administration and enforcement of this Article or for determining conservation 

policy, and shall not be disclosed except when required by the order of a court of competent jurisdiction: all 

records, accounts, and reports that licensees are required by the Commission to make, keep, and exhibit 

pursuant to the provisions of this section, and all records, accounts, and memoranda compiled by the 

Department from records, accounts, and reports of licensees and from investigations and inspections, 

containing data and information concerning the business and operations of licensees reflecting their assets, 

liabilities, inventories, revenues, and profits; the number, capacity, capability, and type of fishing vessels 

owned and operated; the type and quantity of fishing gear used; the catch of fish or other seafood by species 

in numbers, size, weight, quality, and value; the areas in which fishing was engaged in; the location of catch; 

the time of fishing, number of hauls, and the disposition of the fish and other seafood. The Department may 

compile statistical information in any aggregate or summary form that does not directly or indirectly disclose 

the identity of any licensee who is a source of the information, and any compilation of statistical information 

by the Department shall be a public record open to inspection and examination by any person, and may be 

disseminated to the public by the Department. (1997-400, s.5.1; 2001-213, s. 2.) 

 
NC Marine Fisheries Commission Rule 15A NCAC 03O .0502: 

 
15A NCAC 03O .0502 PERMIT CONDITIONS; GENERAL 

The following conditions apply to all permits issued by the Fisheries Director: 

(1) it is unlawful to operate under the permit except in areas, at times, and under conditions specified 

on the permit; 

(2) it is unlawful to operate under a permit without having the permit or copy thereof in possession of 

the permittee or his or her designees at all times of operation and the permit or copy thereof shall be 

ready at hand for inspection, except for Pound Net Permits; 

(3) it is unlawful to operate under a permit without having a current picture identification in possession 

and ready at hand for inspection; 

(4) it is unlawful to refuse to allow inspection and sampling of a permitted activity by an agent of the 

Division; 

(5) it is unlawful to fail to provide complete and accurate information requested by the Division in 

connection with the permitted activity; 

(6) it is unlawful to hold a permit issued by the Fisheries Director when not eligible to hold any license 

required as a condition for that permit as stated in 15A NCAC 03O .0501; 

(7) it is unlawful to fail to provide reports within the timeframe required by the specific permit 

conditions; 
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(8) it is unlawful to fail to keep such records and accounts as required by the rules in this Chapter for 

determination of conservation policy, equitable and efficient administration and enforcement, or 

promotion of commercial or recreational fisheries; 

(9) it is unlawful to assign or transfer permits issued by the Fisheries Director, except for Pound Net 

Permits as authorized by 15A NCAC 03J .0504; 

(10) the Fisheries Director, or his agent, may, by conditions of the permit, specify any or all of the 

following for the permitted purposes: 

(a) species; 

(b) quantity or size; 

(c) time period; 

(e) location;  

(d) means and methods;  

(f) disposition of resources;  

(g) marking requirements; or 

(h) harvest conditions. 

(11) unless specifically stated as a condition on the permit, all statutes, rules and proclamations shall 

apply to the permittee and his or her designees; and 

(12) as a condition of accepting the permit from the Fisheries Director, the permittee agrees to abide by 

all conditions of the permit and agrees that if specific conditions of the permit, as identified on the 

permit, are violated or if false information was provided in the application for initial issuance, 

renewal or transfer, the permit may be suspended or revoked by the Fisheries Director. 
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APPENDIX IV 
 
NC Marine Fisheries Commission Rule 15A NCAC 03O .0501: 
 
15A NCAC 03O .0501 PROCEDURES AND REQUIREMENTS TO OBTAIN PERMITS 

(a)  To obtain any Marine Fisheries permit, the following information is required for proper application from the 

applicant, a responsible party, or person holding a power of attorney: 

(1) Full name, physical address, mailing address, date of birth, and signature of the applicant on the 

application.  If the applicant is not appearing before a license agent or the designated Division 

contact, the applicant’s signature on the application shall be notarized; 

(2) Current picture identification of applicant, responsible party, or person holding a power of attorney.  

Acceptable forms of picture identification are driver’s license, North Carolina Identification card 

issued by the North Carolina Division of Motor Vehicles, military identification card, resident alien 

card (green card), or passport; or if applying by mail, a copy thereof; 

(3) Full names and dates of birth of designees of the applicant who will be acting under the requested 

permit where that type permit requires listing of designees; 

(4) Certification that the applicant and his designees do not have four or more marine or estuarine 

resource convictions during the previous three years; 

(5) For permit applications from business entities: 

(A) Business Name; 

(B) Type of Business Entity:  Corporation, partnership, or sole proprietorship; 

(C) Name, address, and phone number of responsible party and other identifying information 

required by this Subchapter or rules related to a specific permit; 

(D) For a corporation, current articles of incorporation and a current list of corporate officers 

when applying for a permit in a corporate name; 

(E) For a partnership, if the partnership is established by a written partnership agreement, a 

current copy of such agreement shall be provided when applying for a permit; and 

(F) For business entities, other than corporations, copies of current assumed name statements 

if filed and copies of current business privilege tax certificates, if applicable; and 

(6) Additional information as required for specific permits. 

(b)  A permittee shall hold a valid Standard or Retired Standard Commercial Fishing License in order to hold a: 

(1) Pound Net Permit; 

(2) Permit to Waive the Requirement to Use Turtle Excluder Devices in the Atlantic Ocean; or 

(3) Atlantic Ocean Striped Bass Commercial Gear Permit. 

(c)  A permittee and his designees shall hold a valid Standard or Retired Standard Commercial Fishing License with 

a Shellfish Endorsement or a Shellfish License in order to hold a: 

(1) Permit to Transplant Prohibited (Polluted) Shellfish; 

(2) Permit to Transplant Oysters from Seed Oyster Management Areas; 

(3) Permit to Use Mechanical Methods for Shellfish on Shellfish Leases or Franchises; 

(4) Permit to Harvest Rangia Clams from Prohibited (Polluted) Areas; or 

(5) Depuration Permit. 

(d)  A permittee shall hold a valid: 

(1) Fish Dealer License in the proper category in order to hold Dealer Permits for Monitoring Fisheries 

Under a Quota/Allocation for that category; and 

(2) Standard Commercial Fishing License with a Shellfish Endorsement, Retired Standard Commercial 

Fishing License with a Shellfish Endorsement or a Shellfish License in order to harvest clams or 

oysters for depuration. 

(e)  Aquaculture Operations/Collection Permits: 

(1) A permittee shall hold a valid Aquaculture Operation Permit issued by the Fisheries Director to hold 

an Aquaculture Collection Permit. 

(2) The permittee or designees shall hold appropriate licenses from the Division of Marine Fisheries for 

the species harvested and the gear used under the Aquaculture Collection Permit. 

(f)  Atlantic Ocean Striped Bass Commercial Gear Permit: 
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(1) Upon application for an Atlantic Ocean Striped Bass Commercial Gear Permit, a person shall 

declare one of the following gears for an initial permit and at intervals of three consecutive license 

years thereafter: 

(A) gill net; 

(B) trawl; or 

(C) beach seine. 

 For the purpose of this Rule, a “beach seine” is defined as a swipe net constructed of multi-filament 

or multi-fiber webbing fished from the ocean beach that is deployed from a vessel launched from 

the ocean beach where the fishing operation takes place. 

Gear declarations shall be binding on the permittee for three consecutive license years without 

regard to subsequent annual permit issuance. 

(2) A person is not eligible for more than one Atlantic Ocean Striped Bass Commercial Gear Permit 

regardless of the number of Standard Commercial Fishing Licenses, Retired Standard Commercial 

Fishing Licenses or assignments held by the person. 

(g)  Applications submitted without complete and required information shall not be processed until all required 

information has been submitted.  Incomplete applications shall be returned to the applicant with deficiency in the 

application so noted. 

(h)  A permit shall be issued only after the application has been deemed complete by the Division of Marine Fisheries 

and the applicant certifies to abide by the permit general and specific conditions established under 15A NCAC 03J 

.0501, .0505, 03K .0103, .0104, .0107, .0111, .0401, 03O .0502, and .0503 as applicable to the requested permit. 

(i)  The Fisheries Director, or his agent may evaluate the following in determining whether to issue, modify, or renew 

a permit: 

(1) Potential threats to public health or marine and estuarine resources regulated by the Marine Fisheries 

Commission; 

(2) Applicant’s demonstration of a valid justification for the permit and a showing of responsibility as 

determined by the Fisheries Director; and 

(3) Applicant’s history of habitual fisheries violations evidenced by eight or more violations in 10 years. 

(j)  The Division of Marine Fisheries shall notify the applicant in writing of the denial or modification of any permit 

request and the reasons therefor.  The applicant may submit further information, or reasons why the permit should not 

be denied or modified. 

(k)  Permits are valid from the date of issuance through the expiration date printed on the permit. Unless otherwise 

established by rule, the Fisheries Director may establish the issuance timeframe for specific types and categories of 

permits based on season, calendar year, or other period based upon the nature of the activity permitted, the duration 

of the activity, compliance with federal or state fishery management plans or implementing rules, conflicts with other 

fisheries or gear usage, or seasons for the species involved.  The expiration date shall be specified on the permit. 

(l)  For permit renewals, the permittee’s signature on the application shall certify all information as true and accurate.  

Notarization of signature on renewal applications shall not be required. 

(m)  For initial or renewal permits, processing time for permits may be up to 30 days unless otherwise specified in this 

Chapter. 

(n)  It is unlawful for a permit holder to fail to notify the Division of Marine Fisheries within 30 days of a change of 

name or address, in accordance with G.S. 113-169.2. 

(o)  It is unlawful for a permit holder to fail to notify the Division of Marine Fisheries of a change of designee prior 

to use of the permit by that designee. 

(p)  Permit applications are available at all Division Offices. 
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