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Strategies for Meeting the Extreme 
Effluent Phosphorus Limits at New 
Hampshire Fish & Game Fish 
Hatcheries



§ 01 – Overview of Fish Hatcheries
§ 02 – Fish Hatchery Effluent Treatment Concerns
§ 03 – New Hampshire Fish & Game Case Study
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Overview of Fish 
Hatcheries



• Fishing Opportunities

• Conservation

• Protection

• Mitigation of Habitat Loss

Importance of Hatcheries



Fisheries by the Numbers

HDR’s 
Fisheries 
Design 
Center

Hundreds of 
Projects Across 
North America

08

100+ Staff who Interact with 
Fisheries Projects

120+ Aquatic Species 
HDR has Worked 

With

3 Technical 
Service Areas

56+ Northeast Fisheries 
Design Center 

Project Locations



Forks Creek Hatchery

HDR Hatchery 
Effluent Practice

• Fish Culture

• Water Quality Modeling

• Wastewater Treatment 

• Water Quality Monitoring

Powder Mill Fish Hatchery, 
New Hampshire

Twin Mountain Fish Hatchery, 
New Hampshire

Roxbury State Fish Hatchery, 
Vermont

Powder Mill Fish Hatchery, 
New Hampshire



02 Fish Hatchery 
Effluent Treatment 
Concerns



Regulatory Compliance Drivers

• Hatcheries are point source dischargers.
• Effluent treatment requirement is 

typically solids removal through settling 
or screening.

• When discharging to impaired waters, 
hatcheries are increasingly required to 
limit phosphorus and nitrogen 
discharges to very small daily mass 
loadings.

• Hatcheries need specialized assistance 
with this new requirement!



Modern Hatchery Effluent Treatment Flow Diagram

Roxbury State Fish Hatchery, 
Vermont



§ Simple settling ponds to 
advanced treatment 
systems

§ Enhanced treatment - 
nutrient removal or 
recovery for beneficial 
reuse

Fish Hatchery 
Effluent Treatment



How Does Phosphorus Get Into The Hatchery 
Effluent?

• CO2
• NH3

O2 Consumption

• Fecal Settleable Solids
• BOD

• Total Phosphorus (TP)

Feed



03 New Hampshire Fish 
& Game Case Study



Powder Mill Fish Hatchery
• Located in New Durham, NH 

• Production: Brook Trout, Rainbow Trout, Brown Trout

• Average Influent Flow Rate: 5 mgd



Powder Mill Hatchery

New NPDES Phosphorus Limits
• An average monthly TP discharge concentration limit of 12 µg/L



Case Study Purpose 

To Meet the Limit
• 50% TP removal on average

• More than 90% removal in 
peak loading summer 
months



The Challenge- TP Species in Hatchery Effluent

Particulate P

Soluble Reactive P
(Phosphate)

Soluble Non-Reactive P

Hatchery Effluent TP Characterization 



Treatment Technology Selection

Hatchery Effluent TP Characterization 
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Membrane Ultrafiltration

Ultrafiltration with Metal Salt  
Ion Exchange

Adsorption

Metal Salt Addition



Powder Mill Pilot Schematic
Metal Salts:
Ferric, Alum

Particulate P

Soluble Reactive P

Soluble NRP

Soluble Reactive P
Soluble Reactive P

Pore Size= 0.04 µm



Metal Salt Addition Membrane Ultrafiltration

Adsorption and Ion Exchange 



Pilot Testing- The Challenge of Measuring Ultra-low P 
Concentration

Comparison of Phosphorus Speciation Analytical Methods



Pilot Testing- Membrane Filtration
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Membrane Filtration Only Membrane Filtration with Metal Salt Addition

• Membrane Filtration only could not meet the 12 µg/L limit.
• Ferric and Alum were tested as the metal salts.
• Membrane Filtration with Metal Salt Addition successfully met the 12 µg/L limit. 



Ion Exchange and Adsorption Performance
Membrane Permeate TP > 12 µg/L
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• Ion Exchange effluent sRP concentration remained less than 5 µg/L.
• Adsorption effluent TP concentration remained less then 12 µg/L. 
• No breakthrough was observed in adsorption column. 



Alt A: Membrane Filtration with Metal Salt Addition

Alt B: Membrane Filtration followed by Adsorption



Modernization Alternatives

1. Existing Rearing Units with Aquaculture 
Upgrades

A – Membrane Filtration with Chemical Dosing

B – Membrane Filtration with Adsorption

2. Circular Rearing Tanks with 75% 
Recirculation (RAS)

A – Membrane Filtration with Chemical Dosing

B – Membrane Filtration with Adsorption

3. Circular Rearing Tanks with 95% 
Recirculation (RAS)

A – Membrane Filtration with Chemical Dosing

B – Membrane Filtration with Adsorption

Hatchery Modernization Alternatives: Effluent Treatment Alternatives:



95% Recirculating Aquaculture System (RAS) Facility

§ Proposed Modernization:

o New 95% RAS

o Supply Water Disinfection (Intake Building)

o Effluent Solids Handling

o New Outfall Location



95% RAS Facility Concept
§ Each module of four tanks = 32,000 lbs of production
§ Total Building Flow = 13,868 gpm
§ Recirculation Flow = 13,175 gpm
§ Makeup Water = 693 gpm



Modernized Powder Mill Effluent Treatment Alternatives

Note:
• 50% contingency- Class 4 AACE
• Effluent Treatment 

• $35M

Alt. 1B - 124,000 lbs production & 3,500 gpm 
(5 MGD) makeup water

Note:
• 50% contingency- Class 4 AACE
• Effluent Treatment 

• $14M

Alt. 3B - 130,000 lbs production & 693 gpm 
(1 MGD) makeup water



§ Solids Handling
o Drum Filters
o Clarifier
o Sludge Storage Tank

§ Phosphorus Treatment
o Membrane Ultrafiltration
o Adsorption Columns

Powder Mill Effluent 
Treatment



Powder Mill Hatchery Modernization and Effluent Treatment



Powder Mill Fish Hatchery Site Plan



Future Statewide Production Plan 

• North ~25,000 lbs of fish
• ~6% of statewide production
• ~17% of statewide waterbodies stocked

• Central ~275,000 lbs of fish
• ~69% of statewide production
• ~62% of statewide waterbodies stocked

• South ~98,000 lbs of fish
• ~25% of statewide production
• ~15% of statewide waterbodies stocked



Water/Wastewater 
Engineer

Sam Brown

Water/Wastewater 
Engineer

Mahsa Mehrdad
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