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Aquaculture Growth and
Opportunities to
Aquacultural Engineering

As a growing professional society, the
AES has various challenges and oppor-
tunities.  In the last issue of our
newsletter, I gave several examples
related to the development of the soci-
ety.  Here in this issue, I’d like to
remind all of us another fundamental
challenge in light of recent news.  We
must develop more energy efficient
systems that can be widely adopted in
a society that is experiencing increases
in energy price.  

One encouraging aquaculture news
item was the release of the FAO’s report
titled “State of World Aquaculture: 2006” 
ftp://ftp.fao.org/FI/DOCUMENT/t500_a
dvanced/advanced_t500e.pdf

The report states that “aquaculture,
probably the fastest growing food-pro-
ducing sector, now accounts for almost
50 percent of the world’s food fish and is
perceived as having the greatest poten-
tial to meet the growing demand for
aquatic food”.  It is indeed exciting to
see the accomplishment of aquaculture
as illustrated in Figure 1 (FAO, 2006).

Although the tremendous growth was
mainly from China and Asia, other
regions have also contributed to the
trend. For example, the 2005
Aquaculture Census conducted by the
U.S. Department of Agriculture’s
National Agricultural Statistics Service
showed that aquaculture production in
the U.S.A. is now a billion-dollar
industry, with sales of fish, shellfish and
related products growing by 11.7 per-
cent over the past seven years.

Clearly, the gains in aquacultural prod-
uct volume and value will continue in
the years to come, but questions
remain. Should the industry grow at the
same rate as the current production
level when existing aquaculture indus-
try has already created significant envi-
ronmental problems in many parts of

the world? At the same time, the water
and land resources required for aqua-
culture have become major limiting
factors.  We are all familiar with cases
of environmental and natural resource
interactions that have been negatively
associated with aquaculture, e.g.,
degraded water quality, altered natural
habitats, use of fish meal and fish oil for
diets, chemical use, and impacts on
wild populations.  We are also aware of
the competitive use of water and land
with other sectors.  However, aquacul-
ture must grow to meet the increased
demand for protein by the growing
population.  According to FAO, given
the projected population growth over
the next two decades, it is estimated
that at least an additional 40 million
ton of aquatic food will be required by
2030 to maintain the current per capi-
ta consumption.  Aquaculture appears
to have the potential to make a signifi-
cant contribution to this increasing
demand in most regions of the world.

The aquaculture industry will grow
even under resource limited condi-
tions, because aquaculture typically
uses less land or water area per unit of
production in comparison with other
sectors.  Additionally, aquaculture can
be less environmentally damaging than
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some fishing and over fishing practices.
Aquaculture can result in improvements
in water and environmental quality
through aquaculture farming systems
and practices such as: integrated farm-
ing, low intensity herbivorous fish cul-
ture, and seaweed and mollusk farming.
Moreover, aquaculture can be also prac-
ticed with minimum environmental
impact using recirculating aquaculture
systems (RAS).

Members of the AES have made great
contributions toward the development
of RAS technologies.  However, many
challenges are ahead of us, among
which energy consumption is a critical
one.  When discussing application of
RAS, the previously cited FAO docu-
ment states “There are also develop-
ments on land-based, factory-type aqua-
culture production systems where tem-
perature is controlled and where liquid
oxygen may be used. These systems are
energy intensive and are used only for
very high value products intended for a
niche market”. I am very disappointed
with the fact that no credit was given to
the environmental benefits of this type
of systems.  I was also alarmed again for
the “energy intensive” image of RAS.
Undoubtedly, the growth of seafood
demand and the aquaculture industry is
definite. The environmental benefits of
RAS are clear. Therefore, continuing
work on improving energy efficiency of
RAS is critical.  

In order to better understand where we
are now, the AES would benefit from a
net energy analysis of RAS in compari-
son with other animal production sys-
tems, such a dairy or poultry.   The
analysis should not only consider feed
conversion, but also the cost of growing
and transporting the feed.  It would be
interesting to see how it compares on a
unit weight of protein produced.
Regardless of the results of such a com-
parison, RAS are most likely more ener-
gy intensive relevant to other types of
aquacultural systems.  I hope that the
near future will see more technological
progress in new RAS technologies that
reduce energy input. 

Sincerely,

Shulin Chen, AES President

Brian L. Brazil
USDA-Agricultural Research Service, National
Center for Cool and Cold Water Aquaculture,
Kearneysville, West Virginia 25430

The term rotating biological contactor
(RBC) defines a class of the fixed-film
biological filters where the media is
attached to a rotating central horizontal
shaft.  The rotation alternately exposes
the media to the atmosphere and sub-
merges the media below the water sur-
face.  The concept was first developed in
1900 for biologically treating domestic
wastewater (Hynek and Chou, 1979).
However, commercial development,
research, and installation were not seen
until the 1970s in Germany and the
United States (Wheaton et al., 1994b).
During this time, lightweight, durable
media with high specific surface area
were developed that improved removal
performance and reduced costs.

RBCs are generally constructed of plas-
tic media disks or molded sections that
are closely spaced to provide a relative-
ly large total surface area within a rela-
tively small volume, but far enough
apart so that the filter does not clog from
biological growth.  RBC shafts can be
positioned parallel or perpendicular to
the water flow.  Rotation of the shaft can
be controlled by a drive motor (Ayoub
and Saikaly, 2004), an airlift system
(Hynek and Chou, 1979) or water jet
(Van Gorder and Jug-Dujakovic, 2004).

Like other fixed-film biological removal
systems, RBC performance is primarily
affected by the operational temperature,
the mass and hydraulic loading rates,
and the organic loading.  The influence
of temperature is easily understood --the
warmer the water temperature, the faster

the rates of chemical/metabolic activity,
thus faster/higher substrate conversion
rates; as the temperature lowers, so do
the activity and conversion rates.

Mass loading refers to the total amount
of substrate applied per unit of filter sur-
face area per unit of time (g of NH+

4 / m2

/ day) and is a function of the ambient
concentration and the water flow rate
across the biofilter. Generally, increas-
ing the mass loading rate increases
removal performance, particularly
when an increase in mass loading
results from an increase in the ammonia
concentration. In most aquaculture
environments, total-ammonia concen-
trations are maintained below 3 to 5
mg/L, because of the toxicity to fish.  At
these and lower concentrations, the rate
and efficiency of ammonia conversion is
limited. Thus, to maintain desirable con-
ditions within the culture system, the
water flow rate through the RBC vessel
is increased to offset the reduced ammo-
nia removal efficiency.

The water flow rate across the biofilter is
also termed the hydraulic loading (m3
of water / m2 / day).  For a constant inlet
ammonia concentration, increases in
the hydraulic loading will increase the
mass loading and removal.  However,
this increase can be at the expense of
removal efficiency [(inlet NH+

4– outlet
NH+

4 /inlet NH+
4) x 100] as the retention

time within the biofilter vessel is
reduced.  Even though the removal effi-
ciency has declined, the increased
pumping rate delivers more culture
water to the biofilter.  As result, more
ammonia is presented to the RBC and
removed by microbial activity.

The impact of readily assimilable dis-
solved organic compounds – measured
as biological oxygen demand (BOD) or
dissolved organic carbon (DOC) – is sig-
nificant and often a primary reason for
insufficient nitrification in aquaculture
systems.  This organic material serves as
a food source for heterotrophic bacteria,
which compete with nitrifying bacteria
for space within the biofilter.

Heterotrophs can grow up to five times
faster than nitrifying bacteria (Hagopian
and Riley, 1998).  Thus, when dissolved
organic concentrations reach sufficient-
ly high levels, the heterotrophic popula-
tions expand and displace nitrifying
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bacteria.  Studies have shown that car-
bon levels equaling 30 mg/L when
measured as BOD or carbon to ammo-
nia ratios greater than 3 significantly
reduces nitrification performance.

One strategy for improving ammonia
removal performance under heavy
organic loading conditions is to com-
partmentalize or stage the RBC system.
Here, individual RBCs are plumbed in
series.  When operated in this fashion,
the series of RBCs begin to achieve
removal characteristics similar to that of
a plug flow reactor (Metcalf and Eddy,
1991).  By operating the RBC in series,
the bacterial populations segregate as
they acclimate to the different condi-
tions within the each treatment basin.
This segregation results in separate
stages for carbon reduction and nitrifi-
cation.  For example, in a three-staged
RBC treating a waste stream having high
levels of DOC and ammonia, het-
erotrophs would dominate the first
stage, while nitrifying bacteria would
dominate in the latter stages.

Concerns over mechanical failure have
prevented broad application of the RBC
in aquaculture. In the aquaculture indus-
try many of the early RBC systems were
“home built”, which resulted in failures
such as media detaching from shafts
(Timmons, et al, 2002).  Once in the
vessel, broken media would often plug
outlets and prevent water from returning
to the culture tanks, or lodge and pre-
vent the shaft from rotating, eventually
destroying motors used to rotate the

shaft. Early RBC failures in the waste-
water industry were associated with
media deterioration and shaft breaks
under the weight of the accumulating
bacterial biomass.  The development of
improved plastics, stronger shafts, and
improved bearings has significantly
reduced such failures.  In fact, the RBC
systems studied at Blue Ridge Aqua-cul-
ture (Martinsburg, VA) have not experi-
enced any catastrophic failures since
initial commissioning in 1989.  The only
routine maintenance required is to grease
and replace bearings as necessary.

Case Study

The Blue Ridge Aquaculture Facility was
constructed in the late ‘80s and houses
42-independent recirculating systems.
This facility currently used produces
more than 1,382 metric tons of tilapia
annually. This article summarizes the
findings of a two-week evaluation of the
ammonia removal and carbon dioxide
stripping performance of large-scale
RBC systems used in commercial finfish
production. The full report has been
Accepted and is In-Press with the jour-
nal Aquaculture Engineering.

Culture System water flow

Water exiting the culture tank (215m3)
flows through a 37m3 multi-tube clarifi-
er basin and then through a RBC unit.
The treated water is then pumped
(3.8m3/min) down a U-tube receiving
pure oxygen injection before reentering
the culture tank. Water quality within

each culture system is also maintained
with routine water exchanges – after the
addition of approximately 227kg of
feed, the multi-tube clarifier is emptied,
the media is sprayed down to remove
settled solids and the clarifier refilled.
This equals a freshwater replacement of
approximately 4% of the total system
volume every 1 to 3 days, depending on
daily feed input.  

RBC Configuration

Each RBC unit (Model 769-253-HHH,
U.S. Filter/Envirex Corporation,
Waukesha, Wisconsin) shown in Figure
1 is configured as a three-stage system
with the central axis parallel to the treat-
ment flow (Figure 2).  The first two stages
are equally sized (3.7 m diameter X 2.7
m long), providing 4,880m2 of surface
area each and the third stage, slightly
shorter (2.2 m), provides 3,620 m2 of
surface area. The RBCs operate at media
submergence of approximately 40%
and rotate at approximately 1 rpm
(peripheral velocity of 0.39 m/sec).  The
water retention time in the 59 m3 RBC
vessel is approximately 16 minutes.
Pressurized air, the only mechanism
used to rotate the RBC, is distributed
through a header pipe submerged under
one side of the RBC media (Figure 2).  

Figure 2. A schematic diagram depicting the
RBC unit configuration and water flow path.

RBC Performance

Water samples from 9 of the 42 RBC
units were collected and analyzed for
ammonia-nitrogen and DOC.

Dissolved carbon dioxide and oxygen
were also measured to determine the
impact of the RBC on dissolved gases.
Based on a pumping rate of approxi-
mately 3.8 m3/min (1000 gpm), the RBC
units were operated at a hydraulic load-
ing rate of approximately 407 m3/m2 sur-
face area per day (10 GPD/ft2).  This is
higher than the 300 m3/m2 recommend-
ed by Hochheimer and Wheaton (1998)
as well as the manufacturer’s recom-
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Figure 1.
Model 769-

253-HHH
RBC system

(Envirex,
Inc., US

Filter)
installed in
the recircu-
lating aqua-
culture sys-
tem being
evaluated.



mended maximum loading. Even so, the
water quality has proven to sufficient to
support the current annual production.

Ammonia oxidation performance – The
ammonia removal efficiency and
ammonia removal rate increased linear-
ly as the mass loading increased.

The plots shown in Figure 3 demonstrate
how efficiency remained constant at
40% after the mass loading increased
beyond 1.45g/m2/day (Figure 3A).

Even though removal efficiency leveled
at as the influent ammonia concentration
approached 3.5mg/L, the mass removal
continued to increase (Figure 3B).

The RBCs achieved an average ammo-
nia removal rate of 0.43g/m2/day, which
compare favorably to rates reported for
other RBC systems (Figure 4). 

Commonly used biofilter systems have
report comparable performances: com-
mercial-scale micro-bead filter – 0.45-
0.6g/m2/day (Geiner and Timmons,
1998), commercial-scale trickling filters
- 0.24-0.55g/m2/day (Kamstra et al., 1998).

Impact of organics – Ammonia removal
was strongly influenced by changes in
the influent organic levels (Figure 5).
TAN removal efficiency decreased by
approximately 55% when the
DOC:TAN ratio exceeded 3.5. 

Similarly, Zhu and Chen (2001) reported
ammonia removal efficiency decreased
by 70% when the C:N exceeded 1 --
here C and N represent carbon as
sucrose and nitrogen as ammonia,
respectively.  This reduction in removal
efficiency was attributed to heterotroph-
ic bacteria out competing the ammonia
oxidizing bacteria for space on the RBC
media, which reduced the ammonia
reduction capacity (Bovendeur et al.,
1990; Hagonpian and Riley, 1998; Zhu
and Chen, 2001).

Carbon dioxide removal - Carbon diox-
ide removal averaged 39% and was not
related to influent concentration (Figure
6).  This rate was comparable to a cas-
cade aeration column studied by
Summerfelt et al. (2003) where CO2

removal efficiencies ranged from 32 –
37% at air:water volume ratios between
5.1:1 and 9.9:1. With respect to air:
water volume ratio, the RBC units stud-
ied here were rotated by air diffused 

at rate of 489 m3/hr  along one side of
the RBC disc, which represented an
air:water volume ratio of to 2.2:1. At
similar air:water volume ratios, the cas-
cade aeration column removed less
than 25% of the influent CO2

(Summerfelt et al., 2003).  However, the
true air:water volume ratio for these
RBC units was unknown as CO2 strip-
ping was also affected by the culture
room air ventilation system.  Additional
CO2 desportion likely occurred from the
liquid film surrounding the biofilm to
the air during atmospheric exposure
(Poalini, 1986).  Finally, turbulence cre-
ated, as the RBC media passed through
water surface would have also increased
the water surface area and provided
more opportunity for carbon dioxide
and oxygen transfer (Woods et al., 1996).

Conclusions

The industrial-scale RBC system in a
recirculating tilapia culture system
achieved an average removal rate of
0.42g TAN/m2day.  Increases in ammo-
nia concentrations improved removal
efficiency up to an ammonia concentra-
tion of 3.5 mg/L, beyond which removal
efficiency remained about 40%.  TAN
removal efficiency decreased by nearly
50% when the C:TAN ratio reached 4.5.
With respect to dissolved gas control,
the RBC system provided dissolved CO2

removal equivalent to cascade aeration
columns.  Additionally, sufficient oxy-
genation for nitrification was main-
tained as the culture water traveled
through the treatment vessel.  

Acknowledgements

Copyright by Aquaculture Magazine.
The author great fully thanks William R.
Martin (President), Rocky Holley
(Operations Manager), and Darin
Prillaman (Production Manager) at Blue
Ridge Aquaculture (Martinsville,
Virginia) for granting access to their facil-
ity and willingness to participate. Thank
you also to Sarah Reaves, Sophia Brown,
and Charles Bott for their assistance with
the sample collection and analysis.
Mention of trade names or commercial
products in this article is solely for pro-
viding specific information and does not
imply recommendation or endorsement
by the U.S. Department of Agriculture.

Figure 3. RBC performance presented as a function of mass
loading and influent concentration. The trend line provided
in plot A is used to describe the observed asymptotic nature

of ammonia removal efficiency as it approached 40%.
Ammonia mass removal is depicted in plot B.

Figure 4. Comparison of the RBC areal ammonia
removal rates in different aquaculture environments.

Miller and Libey (1985) and Easter (1992) studied 0.66
m x 0.66 m and 1.8 m diameter RBC units, respectively.

Figure 5. The impact of influent carbon to 
TAN ratio on ammonia removal. Solid line 

demonstrates the observed trend.

Figure 6. Dissolved CO2 removal achieved by an air driv-
en RBC system treating recirculating tilapia culture

water. Dashed line represents the average CO2 removal
for a packed tower (Summerfelt et al., 2003).
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A q u a c u l t u r i s t / E n v i r o n m e n t a l
Scientist/Aquatic Ecologist.  Department
of Environmental Science and Biology
at the State University of New York
College at Brockport seeks assistant pro-
fessor (tenure track) for fall 2007.  Will
teach 9 contact hours per semester from
among aquaculture, aquatic inverte-
brate ecology, toxicology, introductory
biology, environmental regulations or
specialty course in area of interest.
Active research program, including
MS/BS students, external funding and
peer-reviewed publication, is expected.
Required:  Ph.D. in Aquaculture or relat-
ed field at time of appointment, poten-
tial for excellence in teaching and
scholarship and ability to work in a cul-
turally diverse environment. Salary/ben-
efits are competitive. Applications
accepted until the position is filled.
Applicants are encouraged to apply by
December 8, 2006, for best considera-
tion. For complete job description and
application instructions visit: www.brock-
portrecruit.org AA/EOE. Position subject
to final budgetary approval.

Founded in 1867, SUNY Brockport
(http://www.brockport.edu/) is a selec-
tive, state-supported, four-year compre-
hensive college with programs blending
the liberal arts with professional studies.
Student enrollment includes nearly
7,000 undergraduates and 1,800 gradu-
ate students. The 435-acre campus is
located in Brockport, NY, a small col-
lege town of 9,700 residents located on
the historic Erie Canal, 16 miles west of
Rochester and 45 miles east of Buffalo.

The Department of Environmental
Science & Biology is housed in the
newly renovated Lennon Hall with state
of-the-art-classrooms, data analysis and
visualization facilities and laboratories
(including intensive aquaculture facili-
ties). Eight ponds for extensive aquacul-
ture are located on the campus. The
major in Environmental Science is a
challenging academic program that pro-
vides students new avenues for collegial
collaboration across the science depart-
ments at SUNY Brockport, while
strengthening the entire science curricu-
lum. There are four concentrations
offered within the Environmental
Science major: Aquatic Ecology /
Biology, Terrestrial Ecology / Biology,
Environ-mental Chemistry and Earth
Science. For non-majors, minors in
Environmental Studies or Environmental
Science are offered.  A graduate pro-
gram (M.S.) and the undergraduate
Environmental Science major provide
regional scholarly resources. These
resources are complemented by the
NYS Sea Grant Extension Office on
campus, founding membership in the
NY Great Lakes Research Consortium,
and a cooperative Ph.D. training agree-
ment with the SUNY College of
Environmental Science and Forestry 1.5
hours away in Syracuse, NY.  For addi-
tional information, visit the department’s
website: http://www.brockport.edu/envsci/

For further information about the depart-
ment, please direct all inquiries to Dr.
Joseph Makarewicz, Chair of the Search
Committee, at 585-395-5747 or by
email: jmakarew@brockport.edu.
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Job Announcement

Nominations are solicited from the AES
membership for the AES Award of Excellence
and the AES Meritorious Service Award.
These two awards are described below in
order of their importance and prestige and
are considered on an annual basis by the
AES Board of Directors. No more than one
award in each category can be made in any
one year.  These awards are conferred on a
need-only basis – they are not mandatory.
Award nominations and supporting data
should be sent to the AES Awards Committee
Chair (s.summerfelt@freshwaterinstitute.org)

prior to November 30, 2006. The Awards
Committee Chair ensures nomination pack-
ages are complete and then distributes nom-
ination packages to the AES Board of
Directors. The AES Board selects award
recipient(s), if any, by majority vote. Awards
are presented by the President of AES during
the subsequent AES general membership
meeting.

Award of Excellence
This award recognizes outstanding science
or technical contributions to the field of

aquacultural engineering. The award can
reflect very substantial single contributions
or an extended record of smaller contribu-
tions. The recipient must be a member of AES. 

Meritorious Service Award
This award recognizes an AES member’s
unswerving loyalty, dedication, and meritori-
ous service to the society over a long period
of time; and for exceptional commitment to
the programs, ideals, objectives and long-
term goals of AES.

Nominations Solicited for AES Awards



AES Officers and
Directors in 2006

ROANOKE, Va.  –  More than two hun-
dred participants and twenty exhibitors
gathered in Roanoke in late July for the
6th International Conference on
Recirculating Aquaculture. At the con-
ference, 86 papers were presented in
the key areas of shrimp culture, market
development, fish health, intensive pro-
duction, engineering, biosecurity, mol-
lusk culture, waste management, nitro-
gen compounds, and low-head systems.
In total, sixteen different symposia were
organized for the event.

The meeting was keynoted by Dr. Steven
Summerfelt, Director of Aquaculture
Systems Research at the Conservation
Fund’s Freshwater Institute
(Shepherdstown, WV).  Dr. Summerfelt’s
opening discussion dealt with the need
to achieve economies of scale in aqua-
culture enterprises.  Another highlight of
this year’s event was the strong empha-
sis on marine shrimp culture – three of
the 16 sessions focused exclusively on
projects involving shrimp culture.

Dr. George Flick, Terry Rakestraw,
Angela I. Correa, and others at Virginia
Tech did a phenomenal job organizing

and executing the event.  The event also
enjoys strong support from the
Aquacultural Engineering Society,
Freshwater Institute, Virginia Sea Grant,
and the U.S. Department of Agriculture.
Planning for the 7th conference is
already underway (July 25-27, 2008).

The biennial International Conference
on Recirculating Aquaculture began in
1996 with the goal of fostering produc-
tive discussion and the sharing of
research results and new technologies in
the area of recirculating aquaculture.
The attendees include private and gov-
ernment researchers, regulators, and
industry leaders from all over the world.
The conference is the only major event
dedicated to the sharing of recirculating
aquaculture research, and is also one of
Virginia Tech’s most international meet-
ings, with approximately 30% of its
attendees coming from outside the
United States.

For more information on the conference
and its proceedings, contact Angela I.
Correa at 540-231-2075 or
acorrea@vt.edu
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Recent Event: 6th
International Conference on
Recirculating Aquaculture

Thank you
AES
Sponsors!
The Aquacultural Engineering Society
(AES) appreciates the corporate spon-
sors (listed on page 8) of the AES News
for 2006.  The AES News is distributed to
approximately 300 individuals in 27
countries outside of the U.S. and
Canada (10 European, 7 Asian, 4 S.
American, 2 Middle East, 2 Oceanic,
and 2 African countries). The AES News
strives to provide AES members and
affiliates an outlet for the latest news,
meeting announcements, and con-
tributed articles on aquacultural engi-
neering. Without the support of our cor-
porate sponsors, the AES News could
not be published in its current format
and frequency. Your support is very
much appreciated by all members of the
AES, the Board of Directors, and the AES
Officers – Thank You!

We will continue to publish the
newsletter and hope that current and
future businesses will consider sponsor-
ing the AES News again in 2007. For
new businesses that would like to be
included in the sponsor section of the
newsletter for 2007, please contact the
newsletter editor, Steven Summerfelt, at
s.summerfelt@freshwaterinstitute.org.
We would also like to point out that this
is the last and final notice for AES 2006
membership. If you would like to regis-
ter and receive the Aquacultural
Engineering journal for 2006 (Volumes
34 and 35) please complete and forward
the form as indicated by November
15th. All online journals subscriptions
for 2006 will be operational until March
31, 2007.



Preliminary Program for the AES Special Session:
Computer Tools for Design, Production Planning, and Operation of High-Intensity Flow-Through Production Systems

Upcoming
Meeting:
Aquaculture
2007
The World Aquaculture Society will be
hosting Aquaculture 2007, which will
be the next international triennial meet-

ing of the World Aquaculture Society,
the Fish Culture Section of the American
Fisheries Society, and the National
Shellfish Association.  The Aquaculture
2007 Conference and Tradeshow will be
held February 26- March 2, 2007, in the
San Antonio Convention Center in San
Antonio, Texas, USA.  For more informa-
tion on the overall program and
tradeshow at Aquaculture 2007, please
contact John Cooksey, WAS Director of
Conferences (phone: 760-432-4270;

e-mail: worldaqua@aol.com), or visit
the World Aquaculture Society’s website
at: http://www.was.org.  John Colt (AES
Past President) and others have organ-
ized an all-day AES Special Session
titled “Computer Tools for Design,
Production Planning, and Operation of
High-Intensity Flow-Through Production
Systems.” The will also be an AES
Session of contributed paper session
that will run 0.5-1.0 day (depending on
the number of papers received and
scheduling constraints).
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Authors
Time
(min) Title

Part 1 - Description of High Intensity Systems in Use and Biological Issues
Gary Fornshell (University of Idaho) 15 Serial reuse systems used for coldwater and warmwater fish in Idaho

Jeff Hinshaw (North Carolina State University) 15 High intensity, flow-through serial reuse systems in North Carolina

State of Utah (Tim Miles-Utah DNR and
Ed Cryer-Montgomery Watson Harza)

30 High-intensity flow-through systems in Utah

Alan Gettings (State of Wyoming) 30 The development and implementation of a high intensity partial recirculation
system at the Dubois Fish hatchery, Wyoming

Part 2 - Modeling Tools
John Colt and Mike Rust (NMFS) 30 Modeling carbon dioxide, pH, and un-ionized ammonia relationships in serial

reuse systems

Richard Turton, Yin-Han Wang, and Ken
Semmens  (West Virginia University)

30 Raceway Design and Simulation System (RDSS): An event-based program to
simulate the day-to-day operations of multiple-tank raceways

Ken Semmens, Yin-Han Wang, Richard Turton,
Tatiana Borisova, Gerard D'Souza, and Daniel
Miller (West Virginia University)

30 Application of raceway design simulation system to create a 
production plan for a small flowing water system serving the
recreational market in West Virginia.

John Colt (NMFS) and Ed Cryer 
(Montgomery Watson Harza)

30 Modeling of multiple stocks and programs for master planning 
and feasibility studies: how much information is enough?

Matt Cochran and Tom Johnson (HDR/FishPro) 30 Case examples in public fish hatchery production modeling

Doug Ernst (Natural Shrimp International) 30 Development and application of Aquafarm software for 
aquaculture planning and design

Tony Sarvinder Singh, Doug Ernst, 
and Shulin Chen (WSU)

30 Development and application of Raceway Master 1.0 for flow-through |
raceway systems - planning, design, and management

Brian Vinci (Freshwater Institute) 30 Serial reuse utilizing circular dual-drain tanks: model and design application

Steve Summerfelt (Freshwater Institute) 30 Modeling and computer aided design of partial-water reuse system

Barnaby Watten (BRD, USGS) 30 Effects of sequential rearing on the potential production of controlled tempera-
ture fish-culture systems

Nathan Saint Clair (Aquante.com) 30 Aquanate.com: utilizing the latest online database technologies to collect, man-
age, and share fishery data

Part 3 - Panel Discussion and Summary
Panel Discussion (Moderator: John Colt,
Leo Ray, Ken Cline, and others)

45 What type of computer tools do commercial fish farmers use and what type of
computer tools would they like to see developed?

Panel Discussion (Moderator: Steve Sharon,
Tim Miles, Roger Sorensen, and others)

45 What do agency hatcheries use and what do they need?



AES Member Registration
Name __________________________________________________________________________ Company _________________________________________________________________

Street Address_________________________________________________________________________________________________________________________________________________________

City _______________________________________________________________ State _______________ Postal Code_________________ Country_________________________________

Phone ___________________________________________________________________________________ Fax __________________________________________________________________________

Email ____________________________________________________________________________________

o Last and Final Call for 2006 Annual Membership. Includes: $25
ã One year subscription to the AES quarterly newsletter AES News (Volume 9)
ã AES Member Directory for 2006
ã Access to the Members Only section of the AES website

Options (additional cost to the $25 annual membership dues):

o Print subscription to Elsevier’s journal Aquacultural Engineering (Volumes 34 & 35). $70
ã Standard one year subscription of the print journal

o Online subscription to Elsevier’s journal Aquacultural Engineering (Volumes 34 & 35). $50
ã Web-based access through ScienceDirect (www.sciencedirect.com)

Total_________

PAYMENT
o Check enclosed (Made payable to Aquacultural Engineering Society in US Funds)

o Charge: o Visa o MasterCard o American Express o Discover

Credit Card #: ________________________________________________________________________ Expiration Date: ________________________________________________________

Name on Card:_______________________________________________________________________ Signature:_________________________________________________________________

Please send this form and payment to: Aquacultural Engineering Society, c/o USDA ARS SMAS,
5600 U.S. Highway 1 North, Fort Pierce, FL  34946, USA, Fax: (772) 466-6590

A.E.S. Information

The AES News is printed quarterly by the
Aquacultural Engineering Society. You can
recieve the AES News by joining the
Aquacultural Engineering Society. If you
would like to discuss the contents of the
AES News, or if you would like to con-
tribute information to the AES News,
please contact the editor.

Steven Summerfelt, Ph.D., P.E.
The Conservation Fund Freshwater Institute
1098 Turner Road
Shepherdston, WV 25443 USA
Ph. 304-870-2211
Fax: 304-870-2208
email: s.summerfelt@freshwaterinstitute.org

Marine Biotech, Inc.
54 West Dane Street, Unit A
Beverly, MA  01915
ph: (978) 927-8720
fax: (978) 921-0231
info@marinebiotech.com
www.marinebiotech.com

Aquaculture Systems Technologies, LLC
P.O. Box 15827
New Orleans, LA 70175
ph: (800) 939-3659
fax: (504) 837-5585
info@BeadFilters.com
www.BeadFilters.com

Water Management Technologies, Inc.
P.O. Box 66125
Baton Rouge, LA 70896
ph: (225) 755-0026
fax: (225) 755-0995
info@w-m-t.com
www.w-m-t.com

RMF-Applied Aquatics
474 Wando Park Blvd, Suite 100
Mt Pleasant, SC 29464
ph: (843) 971-9639
tel: (843) 971-9641
phundley@rmf.com
www.rmf.com

Aquatic Eco-Systems, Inc.
2395 Apopka Blvd.
Apopka, FL 32703
ph: (407) 886-3939
fax: (407) 886-6787
aes@aquaticeco.com
www.aquaticeco.com

PR Aqua Ltd.
1635 Harold Road
Nanaimo, BC  V9X 1T4
Ph: 250.714.0141 or toll free 866.714.0141
Fx: 250.714.0171 
info@praqua.com
www.praqua.com

The AES is looking for sponsors within the aquaculture industry to support the cost of producing
the AES News. The sponsors listed above have donated generously to support the AES in 2005.

AES Sponsors


