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1. Flow through
2. Partial re-use
3. Recirculation





Why would a 
hatchery want to re-
use water?

Here’s one 
example….







Phased approach to water 
reuse/recirculation



The results



 Mechanic / Hydraulic:  horsepower to watts
 One horsepower is equal to 746 watts
 What is a kilowatt-hour?

A kilowatt-hour (kwh) is a unit of electrical energy equal to the energy 
delivered by the flow of one kilowatt (1,000 watts) of electrical power for 
one hour. (A 100-watt bulb burning for 10 hours will use one kilowatt-
hour of energy.)

 For new equipment purchase consider: Capital cost + shipping + 
installation + routine operation + maintenance

 Increased labor costs to raise more fish
 Additional training?   More water quality monitoring



AELP / Juneau Rates



Sitka Rates

Could not find 
Ketchikan 
rates…..they imply 
they have the 
lowest rates in AK!



 Let’s say you could raise an additional 100k 
coho if you reused water:
 100k smolts released
 8% marine survival
 8,000 adult coho return
 8# average = 64,000# fish
 $1.10/# = $70,400/year



 Advantages of RAS
 Reduced water use
 Designed to clean and reuse (waste management)
 Allow fish production for species outside their 

natural range
 Allow greater control over the rearing 

environment
 Temperature
 pH
 Ammonia
 Oxygen

 More sites available than intensive flow through 
systems



 Disadvantages
 High capital costs
 Generally located indoors
 Production levels must be high to reduce cost 
 High production levels equate to catastrophic 

losses in the event of system failure
 Need to build in redundant systems
 Well trained conscientious employees
 Increased operational costs; reliance upon 

machinery



 Intensity of system is expressed in the  
amount water that is recirculated

 A 95% intensive RAS uses 5% makeup water
 For every 10,000 lpm 500 will be makeup 

water
 The makeup water adds oxygen and dilutes 

excreted metabolic waste



1. Remove large solids
2. Remove suspended solids
3. disinfect
4. Bacteria break down nitrites and convert to 

non-toxic nitrates
5. Pull off carbon dioxide
6. Add oxygen



1. Ammonia – through biological filtration
2. Carbon Dioxide – aeration, CO2 strippers
3. pH – adding chemicals
4. Oxygen – add gas
5. You have to pay very close attention to these 

guys with RAS!



 Autotroph – An organism capable of making 
nutritive organic molecules from inorganic sources 
 Word origin: from the Greek autos = self and trophe = 

nutrition 
 Heterotroph - An organism that is unable to 

synthesize its own organic carbon-based compounds 
from inorganic sources, hence, feeds on organic matter 
produced by, or available in, other organisms
 Word origin: G. héteros: the other of two, other, 

different + G. trophos: feeder
 What is meant by “organic” here?



 Suspended and dissolved solids 
need to be removed

 Solids in the RAS provide food for 
hetertrophic bacteria 

 Heterotrophic bacteria 
 Dependent on organic matter for 

food
 Interfere with oxygen diffusion in 

the biofilter to nitrifying bacteria
 Diminish oxygen available to 

nitrifying bacteria and fish
 Can overload and plug biofilter

Swirl 
separator

Drum filter



 Toxic ammonia is converted to non-toxic 
nitrate by bacteria that naturally appear in 
response to the presence of ammonia

 The bacteria attach to substrate in the RAS
 Enough surface area needs to be provided to 

permit enough bacteria to grow to 
adequately remove ammonia

 The two types of autotrophic bacteria are 
Nitrosomonas and Nitrobacter





Sand media has a high 
specific surface area and 
therefore require less 
volume of media than 
other biofilter types 



 Rotating biological 
contactor
 External
 Internal

RBC
motor driven

In-tank RBC
airlift driven



 Submerged filters
 Simple
 Inefficient

 Trickling filters
 Simple
 Aerates

Submerged filter



• Many types
• Must remove 

CO2 to prevent 
build-up

• Can be simple 
or complex



 Bacteria in the biofilter use CaCO3 to convert ammonia into 
nitrate, reducing the alkalinity and pH

 Maintaining alkalinity at 50-100mg/l by the addition of lime 
or baking soda will keep free CO2 levels below 20 mg/l. The 
baking soda reacts with carbon dioxide to form harmless 
bicarbonate ions. 



 Rationale
 CO2 removal (<20 mg/L)
 from respiration

 Buffering
 nitrification is an acidifying process

 Purpose
 Adds alkalinity to water









Recirc of water for 
eyeing eggs is 
relatively easy 





Drum filter -

Juvenille atlantic 
salmon in recirc water



Biofiltration

Adding sodium bicarb





Environmental monitoring 
is essential in recirc 
systems

Drum filter and 
infusion of calcium 
bicarbonate

Tie critical levels to an 
alarm system



Sturgeon farming! 

Atlantic 
salmon 
brood 
holding







Changes…………



Consider the following: 
• Professional development for yourself

- Your boss wants you to know the Big Picture

- Thinking ahead

• The industry needs up and coming 
employees to function

• The best managed fisheries in the world 
needs dedicated/well-trained personnel



Watch the video “What if Money Was No 
Object” video (Course Content/Videos)
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