Lecture notes (3.2) Design Process

The design process of aquaculture facilities is complex. Incorrect assumptions at any stage in the design process can result in significant delays, increased costs and poor system performance:

1. Define system objectives

a. Proposed use (commercial, educational, research)

b. Present need

c. Potential need

d. Probable future need

e. Combination of all the above

Establishing requirements for a project are difficult. Often errors made at this stage ultimate ersult in failure. Statement of needs must go through many iterations before anything should be built or operated.

2. Quantify requirements

a. Species

b. Site

c. Scale (including future expansion)

d. Water source and stability/suitability

e. System use (recirc./flow-through/cage, etc.)

f. Operational biomass

g. Production cycle (seasonal, continuous; # of steps, amount of time, etc.)

h. Power supplies

i. System half-life

j. Redundancy

k. Operator skills and future training needs

Once objectives and requirements have been critically evaluated and conclusions made regarding the same, the type of production system to be employed can be selected, developed and evaluated.

3. System selection, development and evaluation

a. Types of system

i. Pond (natural, impoundment, excavated, levee)

ii. Raceways and tanks

iii. Cages/net pens

iv. Recirculation systems

b. Relate system selection to requirements (e.g., water quality, water treatment needs, addition of oxygen, water treatment requirements, biofouling problems if marine, etc.)

c. Take account of legal (regulatory) requirements 

d. Design venture around boundary limits and expansion
e. Use logical framework approach to assess killer assumptions, etc.
4. Materials selection

The selection of construction materials for an aquaculture facility will depend upon the type of system selected and its intended use (production, research, display, education). Many commonly available construction materials may be toxic to aquatic organisms, leading to reduced performance, mortality or the production of unsafe seafood products. As well, materials that may be acceptable for one life stage of an organism may not be applicable to another. The type of water (salt, versus fresh) may also impact materials selection processes.
The construction of an aquaculture system will be dependent upon a variety of inter-related factors including species to be grown, water supply, site characteristics and location, etc.

5. System construction

a. Well designed systems save money

b. System size/type will depend on harvest strategies and use (brood, larvae, etc.)

c. Costs include clearing, earth fill, excavation, pipes and drainage systems, concrete, road gravel, consultancy, etc.

System operation is often specific to individuals particularly as this relates to task organization, use of monitoring devices, operational size and use (education, aquarium, research, production). Commercial businesses, depending upon size, operate using a 6-3-1-Rule: Six need no specialized knowledge or training (e.g., manual labor such as feeding, harvest, cleaning, etc.); three require specialized training (e.g., nutrition and feeds, disease, engineering, etc.) while one needs a comprehensive knowledge of operations as well as personnel and business management/marketing.

6. Operations

a. Seasonal versus continuous (batch) production

b. Scale and duration of culturing phases

c. Assignment of responsibilities

d. Assessment of spares and redundancy including

i. Pumps, impellers and aerators

ii. Pipes

iii. Valves and pipe fittings

iv. Pipe patch and threading equipment

v. Hand and power tools

vi. SCUBA and boat where necessary

vii. Intake and filter screens

viii. Filter media 

ix. Gen-set

x. Water treatment chemicals and disinfectants

xi. Netting and seines

e. Monitoring and control

