
How AES is doing

There are many criteria one can use to
evaluate the status/performance of a
Society, I will choose two that I believe
most important: (1) fulfilling the pur-
pose of the organization, and (2) serv-
ing the membership’s needs.  According
to the bylaws, the purpose of the AES
are (1) to promote the science and art of
aquacultural engineering, (2) to pro-
mote the transfer of technology and
encourage original research, and (3) to
develop and advance standards associ-
ated with the practice of aquaculture
engineering.

My assessment is that AES is doing well
towards these purposes. First, AES
membership represents the most active
researchers and practitioners in the
field who contribute to the advance-
ment of aquacultural engineering.  The

partnership with Elsevier on the journal
of Aquacultural Engineering and the
designation of the journal as the techni-
cal publication of the society has great-
ly strengthened the role of AES in pro-
moting the science and art of aquacul-
tural engineering, and facilitated the
process of contributing to the related
knowledge base.   Second, the involve-
ment of industry members in the offices
and the Board of Directors of the soci-
ety has enhanced the tie with industry.
The close relationship with industry
increases the interactions between
researchers, technology providers and
users, thus speeding up technology
transfer and adoption. In addition to
the journal of Aquacultural Engineering,
the technical sessions that AES organ-
ized in several major aquaculture con-
ferences provide effective platforms for
disseminating technical information.

Although AES currently does not have a
mechanism that is designed specifical-
ly for encouraging original research,
the publication, the conferences, and
the AES Issues Forum always give the
brightest spotlight to original research,
and especially the super paper award
clearly emphasis  the originality of the
papers.  There have been many excel-
lent examples are testimony to this with
numerous original concepts tested in
laboratories and subsequently pub-
lished in Aquacultural Engineering hav-
ing now moved into the market place
as new technologies adopted by the
industry.  Thirdly, the AES is also mak-
ing progress in developing standards,
especially via the efforts headed by Dr.
John Colt, AES Past President, and Dr.
Roger Viadero.        

In summary, AES has been successful in
achieving its purpose, thanks to the
interest, time, and effort of the general
membership and all past officers.
Another indication of AES’s success is
the fact that AES-sponsored technical
sessions are now major conference
components of World Aquacultural
Society, The International Symposium
on Recirculating Aquaculture, and
Aquaculture America.  The recognition
of the importance of engineering in
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Assessment, Opportunities & Challenges
I am going to use this newsletter opportunity to share with the membership some of my
“Big Picture” thoughts, more in a capacity as a member than as the President of AES.
More specifically, I would like to discuss how AES is doing, what the opportunities are,
and what the major future challenges are. Clearly, any conclusion on each of the topics
deserves serious thinking and a lot of discussion within the society, thus, I will simply
make a few points from my own perspective.
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aquaculture within the profession is a
great accomplishment of the AES.

In terms of serving the members, the
results of the membership survey con-
ducted last year provide definite
answers. Nearly  two third of our mem-
bers indicated that the reasons for them
joining AES are (1) for access the journal
of Aquacultural Engineering,  (2) notifi-
cation of AES meetings and events, (3)
for a venue to discuss aquacultural engi-
neering issues with others, or (4) all of
the above.  Clearly, the current activities
of AES meet the needs of these mem-
bers. Our partnership with Elsevier, the
AES website, and our conference ses-
sion organizers have made great contri-
butions in satisfying these needs. 

New opportunities 

The future of AES, however, rests on not
only the continuation of the above suc-
cesses, but also change, growth, and
development in responding to new
opportunities.  Again, this is a big topic
that needs the wisdom of every member.
The only point that I would like to
emphasize here is globalization.   None
of us needs to be reminded that we are
living in a global economy however we
all may not have a clear vision or
roadmap for how AES will respond in
the future within the context of a global
economy. Unlike many other associa-
tions, the Aquacultural Engineering
Society does not have a country or geo-
graphic qualifier, and thus such a design
by default means that AES is the (world-
wide) professional society in Aquacultural
Engineering. Although based in the US,
the fact that AES has many loyal mem-
bers in other countries is proof of the
merit of AES to the aquacultural engi-
neering community throughout the
world. Meeting the growing demand for
seafood with stressed water resources,
and increased consideration of protect-
ing the environment become the same
goal for many countries, developed and
developing countries alike.  Such funda-
mental goals lay the foundations of col-
laboration and the countless benefits
from those collaborations.  For example,
considerable time and effort can be
saved if the aquacultural engineering
professions work together to refine the
proven technologies in one country or 
region for specific application in a dif-

ferent county or region so that we can
avoid re-inventing the wheel.  

Within or outside the AES, we encour-
age international collaborations,.  The
society has an increasing presence and
engagement in Europe, and other coun-
tries such as China, Indonesia, etc.
However, these collaborations still only
have a very limited scope, far from
where they should be.  I urge our mem-
bers to develop innovative concepts and
models for promoting collaborations
that are mutually beneficial, productive,
and founded with mutual trust.   

Personal relationships are often the first
step for a productive collaboration.  Our
international members can be very help-
ful in making personnel connections
between the members in our society and
other people who have common inter-
ests. One other important fact is that
aquacultural engineering in many coun-
tries as a profession is still being embed-
ded in fisheries societies.  AES can assist
our international members to elevate the
significance of the engineering compo-
nent within the aquacultural profession.  

Challenges

AES also has many challenges to contin-
ue to succeed with our current endeav-
ors and to take on new opportunities.  I
have listed a few below as examples:

• How can AES function like a
worldwide society but with very
limited resources;  

• How to find sustainable funding
sources for training the next
generation of aquacultural 
engineers through education
and research experiences;

• How to expand our industrial
support base, especially on an
international scale; 

• How to take advantage of the
new science and technologies
developed from other fields and
speed up their introduction and
adoption in aquaculture.  

Addressing these challenges requires
innovative ideas and concerted efforts
and every contribution from our mem-
bers makes a difference. 

Sincerely,

Shulin Chen, AES President

ARTICLE:

Fluidized
Sand
Biofilters
Steven T. Summerfelt, Ph.D., P.E.
Director of Aquaculture Systems Research
The Conservation Fund Freshwater Institute
1098 Turner Road • Shepherdstown, WV 25443
Tel: 304-870-2211 • Fax: 304-870-2208
Email: s.summerfelt@freshwaterinstitute.org

Fluidized sand biofilters (FSBs) are rela-
tively compact, efficient, and cost-com-
petitive biofilters, especially in recircu-
lating systems that require maintaining
consistently low levels of ammonia and
nitrite.  Filter sand is low cost (often
$70-200/m3 of sand delivered) and has
a high specific surface area (4,000 to
20,000 m2/m3), so the cost to supply
surface area in FSBs is low (i.e., $0.05-
0.004/m2).  FSBs can be used to treat
small or large flows, with single FSBs
treating as much 190 L/s of water flow.
FSBs are generally tall (2-6 m tall) and
can be fabricated as circular or rectangu-
lar vessels from plastic, fiberglass, con-
crete, or enamel-coated steel tanks, and
can sometimes be assembled by person-
nel on site.  FSBs can be relatively easy
to manage as they do not filter solids
from the passing flow and the microbial
biomass in the expanded bed can be
readily harvested by siphoning the light-
est (i.e., thickest and oldest), biofilm
coated particles from the top of the bed.  
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On the other hand, FSBs are relatively
complex to design and must be operat-
ed within a fairly narrow water flow
range (± 10-30% of its design flow) in
order to maintain proper bed expansion.
Water flow interruptions of more than 6-
24 hrs must be avoided to prevent the
static bed from going anaerobic, which
could compromise its nitrification
capacity after water flow has resumed.
Additionally, pumping water through a
FSB requires moderate water pressure to
lift the sand bed (i.e., 1.0 m of water
head is required to expand every 1.0 m
of static sand bed depth) and to over-
come headloss designed into the FSB’s
flow inlet structure (typically < 1-3 psig)
and any elevation difference between
the water level in the pump sump and
the top of the FSB.  Thus a total dynam-
ic pumping head of 0.35-0.55 bar (5-8
psig) can be required to move water
from the pump sump to the FSB over-
flow, depending largely upon the height
of the FSB.  

Flow Injection Mechanisms

Uniform water flow distribution at the
base of the sand bed is critical for reli-
able operation of a FSB.  At least five dif-
ferent flow distribution mechanisms
have been used to uniformly inject
water at the base of large FSBs in recir-
culating aquaculture systems.  The three
most widely applied flow distribution
mechanisms are described below.
Although not described here, all three

flow distribution mechanisms incorpo-
rate a clean-out for removing sand or
other debris from the manifold.

Dallas Weaver (Scientific Hatcheries,
Huntington Beach, CA) developed the
vertical pipe manifold system, which
was probably the first flow distribution
mechanism designed specifically for
application in recirculating aquaculture
systems.  It incorporates a pipe-mani-
fold, originating at the top of the vessel,
and then distributes the flow into verti-
cal pipes that extend down to the base
of the sand bed.  The vertical injection
pipes are equally spaced across the plan
area of the FSB and transport water flow
to near the floor of the vessel where ori-
fices in each probe uniformly distributes
the flow directly into the sand.  This FSB
design has been marketed through
Aquaneering Inc. (San Diego, CA).

The horizontal pipe manifold system
was developed using the design criteria
applied to pipe lateral system used to
backwash gravity sand filters that are
typically found in municipal drinking
water and wastewater applications.
However, the flow distribution system
was modified so that the manifold origi-
nated and terminated at the top of the
biofilter.  The overhead manifold pipes
distribute the flow to equally spaced
vertical pipes that run down the inside
wall of the vessel to its base, then across
the floor to the opposite wall, and then
up the wall to the top of the vessel.
Flow distribution orifices are located on
the section of horizontal pipe running
along the floor of the vessel.  Criteria for
calculating the size and separation of
pipe laterals and flow injection orifices
for the horizontal pipe lateral type flow
injection mechanisms have been pub-
lished.  The horizontal pipe lateral FSB
design has been supplied by PRAqua
Technologies (Nanaimo, British
Columbia, Canada) and other aquacul-
tural engineers.

The CycloBio™ FSB uses a flow distri-
bution mechanism that is radically dif-
ferent from other flow distribution
mechanisms.  The CycloBio™ FSB
injects water tangentially into an annu-
lar space that surrounds the base of the
circular vessel and is integrated with the
vessel wall.  This continuous tangential
injection of water through the annular

space creates strong water rotation with-
in the annular chamber and also forces
water to enter the FSB vessel through a
slot at the base of the sand bed and
around the circumference of the vessel.
The strong rotating flow created within
the annular space creates a cyclonic
rotation within the expanded sand bed
and becomes a significant force con-
tributing to uniform bed expansion.  The
Cyclo-Bio™ FSB operates with relative-
ly little headloss across the flow inlet
slot (i.e., approximately 0.2-0.4 psig),
which is approximately 1.5-2.0 psig less
than the orifice headloss designed into
horizontal pipe manifold flow distribu-
tion mechanisms. When their expanded
bed depth is approximately >= twice the
diameter of the vessel, CycloBio™ª FSBs
have been found to be simple to operate
and to re-fluidize after shut down.
CycloBio™ª FSBs can be purchased
from Marine Biotech Inc. (Beverly,
Massachusetts).

Sand Selection

FSBs use extremely hard, whole grain,
finely graded crystalline silica sand,
which has a specific gravity of 2.65.
Silica filter sand suppliers can be locat-
ed by searching a list of filter sand sup-
pliers provided by the American Water
Works Association.  Filter sands are typ-
ically pre-sieved to produce a distinct
size range, which can be specified by an
effective size and uniformity coefficient.
The sand’s effective size (D10) is the
sieve opening size that would pass only
the smallest 10% of the granular sample
by weight.  The sand’s uniformity coeffi-
cient (UC) is a measure of the variation
in particle size within the sand sample
that is defined as the ratio of D60:D10.
A smaller UC is more ideal for filter
sands, as this represents a smaller varia-
tion in the sand size distribution. Proper
filter sand selection can be somewhat
challenging.  A filter sand is selected
that will provide a given D10 and size
distribution that produces a mean clean-
sand bed expansions of typically
between 40 and 100% at a given water
velocity.    
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Effect Of Biofilm Growth On
Fluidization

Biofilm growth increases the volume
occupied by particles and decreases
their effective density, which in turn
increases the overall bed expansion and
volume.  This is of special significance
when fine sand (D10 = 0.15-0.3 mm) is
used within the FSB, where the biofilm
thickness may become greater than the
diameter of the sand, the overall bed
expansions can exceed 200-300%, and
total volatile solids (TVS) concentrations
within the expanded bed can reach
35,000 mg/L.  Fine sand FSBs are oper-
ated at relatively low water velocities (<
0.6-1.0 cm/s) that do not tend to shear
off and washout biofilm, as would be
the case with a larger sand. Biofilm
sloughed from fine sand flushes to the
top of the FSB, the bed grows deeper
with time, and excess biosolids can be
siphoned from the top of the bed to
maintain a bed depth at least 0.3-0.5 m
below the outlet.  In contrast, when a
larger sand (e.g., D10 > 0.4 mm) is used
within a FSB, the water velocity required
to maintain bed expansion will be 2 to
4 times more than that required for a
fine sand.  Higher water velocities and
larger sand grains both increase biofilm
shear and work to maintain extremely
thin biofilm coatings on these larger
sands, with correspondingly lower TVS
concentrations (i.e., 1,600-3,000 mg/L)
in the bed.  Biosolids retention in FSBs
with larger sands is reduced because the
higher water velocity in these vessels
tends to carry most of the sloughed
biosolids out the top of the biofilter.  

FSB Design & Performance

The most important factors in the design
of a biofilter are (1) the mass of TAN that
it removes per day and (2) the TAN
removal efficiency across the biofilter at
a given water flow.  A mass balance that
accounts for TAN production and
removal efficiency should be used to
determine the rate that water is
exchanged through the biofilter in order
to maintain a TAN concentration within
the fish culture tank(s) that is below a
specified limit.  In most instances with
fine sand FSBs, the mass balance indi-
cates that the biofilter must treat any-

where from 50-100% of the total flow
passing through the fish culture tank.  .  

A FSB is generally designed to contain a
1 to 2.5 m depth of sand (when static),
in part due to practical considerations
such as overall vessel height limitations,
vessel geometry restrictions, total head-
loss limits, and bed oxygen demand.
Overall expanded bed depth can range
from under 2 m to over 5 m.  However,
the total bed volume or total available
surface area supplied must be sufficient
to ensure that 100% of the TAN pro-
duced daily can be readily assimilated
in the FSB.  

Results from several studies show that
TAN removal efficiencies of > 80-90%
and nitrite-nitrogen concentrations of <
0.2-0.3 mg/L can be sustained when
using fine sands (i.e., superficial veloci-
ty of 0.63-0.77 cm/s), but that TAN
removal efficiency declined sharply
with larger sand sizes.  TAN removal
rates of 140 to 170 g/d/m3 of expanded
bed depth have been consistently pro-
duced under widely different conditions
in full-scale FSB contained in coldwater
recirculating systems. TAN removal rates
as high as 400 g/d/m3 of expanded bed
depth have been achieved in test
columns.  In warm water systems, TAN
removal rates range from 600-1,000
g/d/m3 of expanded bed depth.  The
optimum sand size for use in warm-
water systems (i.e., at 25-30°C) appears
to be closer to 0.5-0.7 mm, e.g., ranging
from a 20-40 mesh sand to a 16-30
mesh sand, where these sands are
expanded approximately 50% with
water velocities (v0) of 2.0 and 3.2 cm/s,
respectively.  However, TAN removal
efficiency across the FSB using these
larger sands is typically < 30%.

Other Considerations

FSBs do not aerate and should always be
designed with a cascade column placed
immediately downstream to strip dis-
solved carbon dioxide and bring the dis-
solved oxygen up to near 90% of satura-
tion.  In typical recirculating system
designs for salmonid production, once
the water has been pumped through the
FSB and exits the top of this vessel, the
elevation achieved is used to gravity flow
the water through a carbon dioxide strip-
ping unit, low head oxygenator, culture

tank(s), particle trap(s), and microscreen
filter, returning to the pump sump.       

Bubbles float sand and biosolids out of
FSBs and must be prevented from enter-
ing the FSB in its pumped water supply.
Bubbles can enter through leaky pipe
fittings or through vortexing or bubble
entrainment in the pump sump.  
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2004
Journal
Impact
Factors
The Journal Citation Report® (JCR)
from the Institute for Scientific
Information provides an Impact
Factor for certain journals on their
website,

The Impact Factor for Elsevier’s jour-
nal Aquacultural Engineering com-
pares well with other aquaculture
journals, e.g.,

Impact Factor

Aquaculture 1.63

Aquacultural Engineering 0.733 

Aquaculture Research 0.68

Journal of the
World Aquaculture Society 0.67

Aquaculture International 0.40

North American Journal 
of Aquaculture 0.38

International Journal of 
Recirculating Aquaculture N/R

Journal of 
Applied Aquaculture N/R
__________________________________________________

Elsevier has suggested that the Impact
Factor for Aquacultural Engineering
might improve with additional spe-
cial issues that feature state-of-the-art
reviews on topics of current interest.



AES
Webpage
Activities
Report

Past Activities

The AES web space had been
redesigned and extended as part of a
three years project (2003-2005).
Publications, newsletters, conferences,
jobs/positions,  links, and a fish protein
database had been added to the existing
information. Furthermore an intranet
had been designed, which allows for
personalized access, using individual
usernames and passwords. The member
administration interface was attached to
this database allowing for online regis-
tration of new members, address
changes and online membership renew-
al as well as membership administration
by the treasurer. This module was not
integrated in the original project plan,
but establish on the request of the AES.  

Publication Database

The publication database contains at the
moment a list of the proceedings pub-
lished by the AES and of the presenta-
tions given at AES meetings/sessions. An
order policy is still lacking to allow
interested users to mail-order published
proceedings. In addition, in the recent
database entries concerning the pro-
ceedings are missing. The AES board has
to take action.

News & Newsletter

AES newsletters are available for down-
load and have been integrated in a data-
base allowing for queries. This database
can be maintained by the AES secretary.
Furthermore, the AES has gotten a news
section. However, this section has not
been used extensively yet and is still not
maintained by any board member of the
AES, despite several requests for an
appointment by the webmaster.

Fish Protein Databases

A fish protein database has been inte-
grated in the Website. This database

relates fish protein content and fish size
depending on species. This online col-
lection is unique and was made possible
in cooperation with L. Ramsmeyer.

Conference Database

The conference database contains infor-
mation on several international and
national conferences, meetings, and
events related to fish and aquaculture.
This database needs maintenance and
additional input. This requires data col-
lection by the AES. An interface, where
users can contribute was already estab-
lished. For AES meetings and sessions,
information and communication input
by the board is scarce. The board should
use its information channels in the
future more intensively. In addition links
to the related webpages of WAS and
others have been added, providing a
comprehensive overview of internation-
al meetings and conferences. An AES
board member has to be appointed to
maintain the database.

Link Database

A link database has been established
allowing to search thousands of aqua-
culture links. These links need to be
updated and the database should be
extended by an appointed board mem-
ber of the AES.

Job/Position Database

Points mentioned for the link database
hold in the same way for the job/posi-
tion database. This database has been
linked with other project such as aqua-
jobs, aquaTT, etc. The board should take
lead to establish necessary contacts for
an overall aquaculture job database. An
AES board member has to be appointed
to maintain the database.

Presentation Database

A database collecting presentations
given on past AES meetings and special
sessions has been established. The infor-
mation input by the chairs of those
meetings is not existing
and valuable infor-
mation for the mem-
bers has been lost
because it was not
collected and provid-
ed by the sessions chairs.

This requires a clear AES policy in the
future. An AES board member has to be
appointed to maintain the database.

Member Database

The member database and its adminis-
tration interface has been established
allowing for online registration of new
members, address changes and online
membership renewal as well as mem-
bership administration by the treasurer.
Parts of the interface have not been used
yet by the AES. The AES member data-
base requires frequent updates by the
treasurer to allow new members, who
subscribe by paper, access to the
intranet and to remove members if they
do not renew their membership.

General Remarks

After finishing the web re-design some
issues remain. It is time to improve the
available services by maintaining the
established databases and to provide
updated information. The information
flow from the board, session chairs and
others to the web pages has to be
improved. AES board members should
take responsibility for the databases,
such as the newsletter, jobs, links etc.
Only if the databases are maintained
and updated in the future, the AES
domain will remain attractive for the
users and members. It is advised to split
the responsibility for the databases and
to appoint one person per task. The
required interfaces have been estab-
lished and data can be updated using
MS access software.

Future activities of
Software Oliver Schneider
for the AES

Oliver Schneider will maintain the
supervision of the AES web domains
and advise AES board members how to
update the databases. 

Best regards

Oliver Schneider, AES webmaster
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Dr. Brian Vinci is the first AES member
to receive the AES Meritorious Service
Award.  The award was presented to Dr.
Vinci on February 15th, 2006 during the
AES Annual Membership meeting. The
meeting was held in conjunction with
the conference Aquaculture America
2006 in Las Vegas Nevada. The award
recognizes an AES member’s unswerv-
ing loyalty, dedication, and meritorious
service to the society over a long period
of time; and for exceptional commit-
ment to the programs, ideals, objectives
and long-term goals of AES. Dr.Vinci is
employed by the Conservation Fund’s
Freshwater Institute, Shepherdstown,
West Virginia.  He currently holds the
position of Director, Engineering
Services (2002–Present), and in the past
held the position of Environmental
Engineer (1990–2002).  Brian’s service
to AES as a volunteer started in 1996

when he took on the role of the first AES
Webmaster.  He continued to hold this
position through 2003.  His efforts here
served to bring much needed attention
to the AES by providing timely updates
on AES Officers and Board Member
elections, planned future AES activities,
AES products and AES membership
options.  Throughout his tenure in the
position Brian maintained the site and
refined its format/options so as to maxi-
mize the utility of the investment made
by AES. Similar support is currently pro-
vided by a commercial service at a cost
in excess of $2000 per year.  Brian’s
contributions to AES continued and
intensified during his 6+ years of service
as AES Secretary Treasurer (2000-2006).
His efforts in this position were exem-
plary.  Brian had the distinction of serv-
ing 6 AES Presidents (Ron Malone,
Barnaby Watten, Steve Summerfelt,

Mike Timmons, Kelly Rusch and John
Colt).  All of those he served quickly rec-
ognized that Brian was the “glue” that
kept AES running smoothly and effi-
ciently. One of Brian’s greatest contribu-
tions to AES was the handling of the AES
application for tax exemption status.
Further, Brian was heavily involved in
the planning and management of the
last two AES Issues Forums
(Shepherdstown West Virginia; Seattle
Washington), both of which resulted in
the publication of special journal issues
of the official AES outlet Aquacultural
Engineering.  In summary, Dr. Vinci’s
outstanding service and commitment to
AES has played a major role in defining
the character of the AES for the incom-
ing century as a hardworking, efficient
and friendly organization that provides
timely products needed by the indus-
try/membership it strives to serve.
Brian’s meticulous work, organizational
skills and planning ability have truly
improved AES operations.  The success
that AES enjoys today can be attributed,
to a large degree, to Brian’s distin-
guished service as AES Webmaster and
Secretary Treasurer. Congratulations Brian!
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Aquacultural
Engineering

Society
Paper

Awards: 

Superior 

Gregory L. Rorrer and
Donald P. Cheney
Bioprocess Engineering of Cell and
Tissue Cultures for Marine
Seaweeds.
Volume 32, Pages 11-41.

Honorable Mention

Barnaby J. Watten, Claude E.
Boyd, Michael F. Schwartz,
Steven T. Summerfelt and
Brian L. Brazil 
Feasibility of Measuring Dissolved
Carbon Dioxide Based on Head
Space Partial Pressures.
Volume 30, Pages 83-101.

Honorable Mention

Steven T. Summerfelt, John
W. Davidson, Thomas B.
Waldrop, Scott M. Tsukuda
and Julie Bebak-Williams 
A Partial-Reuse System for
Coldwater Aquaculture.
Volume 31, Pages 157-181.

Dr.Brian Vinci Receives
the AES Meritorious
Service Award

Nominations
Solicited for
AES Awards 
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 impor-
tance 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 mandato-
ry.  Award nominations and supporting
data should be sent to the AES Awards
Committee Chair (s.summerfelt@fresh-
waterinstitute.org) prior to November 1,
2006. The Awards Committee Chair
ensures nomination packages are com-
plete and then distributes nomination
packages to the AES Board of Directors.
The AES Board selects award recipient(s),
if any, by majority vote. Awards are present-
ed by the President of AES during the subse-
quent AES general membership meeting.

Award of Excellence

This award recognizes outstanding sci-
ence or technical contributions to the

field of aquacultural engineering. The
award can reflect very substantial single
contributions or an extended record of
smaller contributions. The recipient
must be a member of AES. Dr. John Colt
and Dr. Barnaby Watten are the first two
recipients of the Award of Excellence.

Meritorious Service Award

This award recognizes an AES member’s
unswerving loyalty, dedication, and
meritorious 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.
Dr. Brian Vinci is the sole recipient of
the Meritorious Service Award.



Design and Selection
of Biological Filters for
Freshwater and
Marine Applications

Special Issue, Aquacultural
Engineering, Volume 34, Issue 3, 2006

If you find a title interesting, request a
reprint by contacting the author direct-
ly or going to:

Science Direct 
(Aquacultural Engineering)

http://www.sciencedirect.com/science/
journal/01448609
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Author Title Pages E-mail Phone

Colt Water quality requirements for reuse systems 143-156 john.colt@noaa.gov +1-206-860-3243

Watson & Hill Design criteria for recirculating, marine ornamen-
tal production systems

157-162 caw@ifas.ufl.edu +1-813-671-5230

Gutierrez-Wing & Malone Biological filters in aquaculture: Trends and
research directions for freshwater and marine
applications.

163-171 rmalone@lsu.edu +1-225-578-8666

Avnimelech Bio-filters: The need for an new comprehensive
approach

172-178 agyoram@tx.technion.ac.il +972 3 7522406

Chen, Ling & Blancheton Nitrification kinetics of biofilm as affected by
water quality factors

179-197 chens@wsu.edu 1-509-335-3743

Watten & Sibrell Comparative performance of fixed-film biological
filters: Application of reactor theory
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