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Rationale anad lnterest in Design Development

Evolution of system designs for:

High output — Intensification for efficient use of land and labor,
multiple crops per year, lower cost per pound

Biosecurity — assuring the health of the target crop by blocking
iIntroduction of excludable pathogens

Reduced water use — limited addition and discharge; water
recovery

Microbial community management — recycling of waste within the
system andl enhancement ofi centributions ofi natural preductivity: to
shriimjp grewin

Waste treatment' — Filtration, aerobic andi anaerobic sltidge
digestion and dewaterng| system



Historical Perspective

Research efforts.toward: producing: - more efficient, environmentally.
friendly shrimp production systems have a 30 year history

Research toward commercialization of intensive production systems
has been conducted at the WMC since the facility opened in 1984

Efforts have intensified during the last 10 years with support from
the USMSEP

Continued low: prices for domestic shrimp require reducing costs, of
production and development of better marketing strategies to remain
competitive

Coerdinatien ofi these research efferts and addressing the needs of
US shrimp: producers is critical to keeping domestic shrimp
production a viable industry



Preliminary. design

1999
= First raceway systems

operated were 55 m? pilot-
scale raceways

" HDPE lined

= Aeration by 5hp regenerative
blewer augmented by twoe Aire-
O, propeller aspirators in each

= \Nater iemperature maintained
through' 1.6 m? heat exchange
tubing attached to a single
propane fueled boiler

" \/ertical substraterconsisted of g
suspended AguaMat™ ~1m? e
/m= water
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Harvest




Next generation

2004

= 55 m? pilot-scale raceways
= HDPE lined

= Zero-exchange

= Aeration by 5hp regenerative
blewer augmented: by portable
Air Sep oxygen generator

= \Water temperature was
maintained by twe L.-shaped
removable 3000\ heaters

= \/ertical substrate decreased to
~0.2. m? AguaMat™/m3 water




Next generation

20/0)5)

= 55 m? pilot-scale raceways
= HDPE lined

= Zero-exchange

= Aeration by 5hp regenerative
blewer augmented: by portable
Alr Sep exygen generator

= \\ater temperature maintained
by two L-shaped removable
3000 W' heaters

" \/ertical substrate decreased to
~0.2 m? AguaMat™/m= water




Commercial Scale Raceway

2001
= 282 m? commercial scale system
=1 m mean depth sloped to 6” drain

= HDPE lined with welded central
baffle

= Aeration by Shp regenerative
blower through airlifts augmented
by a 1 hp AGL Oxygun propeller-
aspirater unit in the deep end and
a 1-hp paddiewheel aerator:

= \Water temperature maintamed
threugh heat exchanger aitached
tora 1.4 hbillien BTU prepane
fiueled hoiler

= Vertical substrate consisted ofi free
standing AguaMat™ ~1m?/m?
water




Harvest




Production Data With This Construction

Stock | Stocking Stocked Days in Survival Mean FCR  Harvest
Date | Density As: Production (%) Ind. Wt. (kglm?)

(9)

Nursery Preduction

April 1,950/m? 97 98 1.01
240]0)ik
April  1,950/m? 28 97 0.55
20]0)2
Growout
Sept. 300/m? PL5 (10) 55.7 17.1 () 2.8

20/0)1



Commercial Scale Raceway.

2004
= 282 m? commercial scale system
=1 m mean depth sloped to 6” drain

= HDPE lined with welded central
baffle

= Aeration by Shp regenerative
blower through airliftsiaugmented
by an Air Products 150 L/min
oxygen generator plumbed to
Single manifeld

= \Water temperature maintamed
threugh heat exchanger aitached
tera 1.4 billien BTU propane
fueled boiler

= \/ertical substrate consisted of free 2™ =
standing AguaMat™ ~1m?2/mg
Wwalter







Production Data With This Construction

Stock | Stocking Stocked Days in Survival Mean FCR  Harvest
Date | Density As: Production (%) Ind. Wt. (kglm?)

(9)

Nursery Preduction

June 1,240/m? 38 97 0.31
240]0)2
April  3,456/m? 42 [F 1.0 1.54
2003
Growout
Jan.  300/m? 19 76 91 16.6 1.5 4.5
20)0)¢ juv_
July: — 420/m? PL25 113 e]0) 20.4 1.9 6.8
2003

* Killed by power outage 5/18/03



Commercial Scale Raceway.

2004
= 282 m? commercial scale system
=1 m mean depth sloped to 6” drain

= HDPE lined with welded central
baffle

= Aeration by Shp regenerative
blewer throughi airlifts

= Oxygenation by an Air Preducts
40/ L/min oxygen generator
plumbed threughi single jet
manifeld

= \\ater temperature maintained
threugh heat exchanger aitached
tora 1.4 billien BTU propane
fiueled lhoiler

= Vertical sulbstrate consisted ofi free
standing AguaMat™ ~1m?/mg
water:




Commercial Scale Raceway

2005

282 m? commercial scale system
=1 m mean depth sloped to 6” drain

= HDPE lined with welded central
baffle

= Aeration by Shp regenerative
blower through airlifts

= Oxygenation by an Air Preducts
40/ L/min oxygen generator
plumbed into two manifolds

= \Water temperature maintained
threugh heat exchanger attached
tora 1.4 billien BTU propane
fiueled boiler

= Vertical substrate consisted of free
standing AguaMat™ ~1m?/mg
water




Waddell Mariculture Center Greenhouse Shrimp Production System

Oxygen injectors from oxygen cone
Air lifts

Oxygen cone

10. Propane furnace and heat exchanger
11. 5 Hp air blower

12. Airline to main air line
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1. Main drain line 6” 13 [] 3
2. Pump Line
3. 5 Hp pump (250 gal/min) 12 9
4. Bead filter
5. Bead Filter discharge line 4)
6. Spray bar for bead filter effluent .
7. 11
8.
9.

13. Line from oxygen cone to main water line
14. Center wall (HDPE)

15. Drain structure



Water return and oxygen
injection site

Ssessene

Oxygen monitoring system




Solids settling / aerobic and anaerobic waste water treatment
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Elltration Optimization

25 ft? propeller washed bead filter backwash frequency:
= Summer 2005 — every 1-3 days
= Winter 2005 — every other day.

Monitored turbidity daily and tetal suspended solids at least weekly
=  Sampled water inand out ofi the filter te evaluate efficiency.

Adjusted flow to maintain bead filter pressure <10 psi
Overfiltration counterproductive to development of large hiefloc

Calculated g solids/kg harvested shrimp

= Summer 2003 — 242 g/kg (hackwash effectiveness reduced, ne solids
management)

= Winter 2005 — 195 g/kg (backwash frequency reduiced, solids management)
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Production Data With This Construction

Stock Stocking Stocked Growout Survival Mean FCR  Harvest

Date Density as: Days (%) shrimp (kg/m2)
Wi. ()
Nursery Production
April  2,532/m? PL,, 555) 92 0.8 1.1 1.9
2004
March 4,085/m? PL,, 67 80 1.2 1.0 4.3
20)0)5]
Growoeut

July:  +450/m? 1g 123 54 25.6 2.6 6.3
2004 juv.

June  499/m? 4.9 59 84 16.4 1.4 6.7
20)0}5 JUV.

Nov.  370/m? 2.4°9 140 74 21.5 0.96 5.4
20)0}5 JUV.

*Partial harvests prior to final harvest



Future directions

Alternative filtration methods — more intensive management of the
microbial community.

Alternative oxygenation — more flexible, more effective, less energy.
Intensive

Faster hanvest — improved product, less manpewer intensive

More efficient transition frem nursery phase to growout phase —
reduced stress, less manpower Intensive

lncreased production

Eco-friendly technelegy.



Euture of Super-intensive, Biesecure Systems

Coordinated research Is continuing at WMC, TAES,
GCRL, NSU; MSU and Ol

The future of US farmed shrimp production is in
biesecure, enclosed facilities which maximize water
reuse, minimize labor and energy use, and control risk
With! efficient precess management and redundancy.

Management of alllaspects ofi production IS critical
= shrimp stoeck genetics

= feeds and feeding

= micrebiallcommunities and water guality.

= \Wasie management

Implementation of multisraceway: commercial scale
systems will provide new opportunities for refinement
and standaradization of production operations



USMSFP

WWW. UISmsip.org

Funded through

Cooperative State Research , Education and Extension
Service

U.S. Department ofi Agriculture
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