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Introduction

This document reflects the current Bio-security protocols for Green Lake National Fish Hatchery (GLNFH) and is one of a set of standard operating procedures (SOPS) developed for this facility. 

Green Lake National Fish Hatchery is part of the United States Fish and Wildlife Service’s (USFWS) Atlantic salmon Recovery Program. The Gulf of Maine Distinct Population Segment

(DPS) of Atlantic salmon was listed under the Endangered Species Act (ESA) in

2000, and this listing was expanded in 2009 to include a broader geographic range

within the State of Maine (Atlantic Salmon Recovery Framework 2011). 
The hatchery is located in Hancock County, Maine at latitude N 44 37.432 and longitude W 68 26.360 (Map 24, Delorme Maine Atlas and Gazetteer).  The facility was established to propagate Atlantic salmon for rivers in the Gulf of Maine Ecosystem. Current production capacity is 650,000 1+ smolts, 350,000 0+ fall parr. These fish originate from 1.1-1.2 million F1 Atlantic salmon eggs which are received annually from Craig Brook National Fish Hatchery (CBNFH) in East Orland, Maine.  In addition, GLNFH produces 1.3 million F2 eggs from F1 domestic broodstock.  An aliquot of these eggs are reared on site to adult broodstock. There are currently no sea-run or wild captive brood held at this facility.
River strains reared at GLNFH are dependent on current recovery objectives defined by the Atlantic Salmon Recovery Framework and reviewed by Framework Action Teams. The primary goal of the Framework is to recover the Gulf of Maine DPS as defined in the final listing rule (74 FR29344). River strains reared at GLNFH are subject to specific management actions with the Penobscot River Strain comprising the major component of fish held at this facility. Green Lake National Fish Hatchery is a large cold water production facility with highly complex infrastructure located on 129 acres in Ellsworth, Maine. Fish health practices at GLNFH are guided by USFWS Fish Health Policy, 713 FW 1-5, 2004, New England Salmonid Health Guidelines, 2000, Maine IFW Salmonid Regulations, Chapter 2.03, 1999, and “Maine DMR Salmonid Regulations, Chapter 24.21, 1999. 

Description of Water Supply

Green Lake is the water source for the facility.  Green Lake is 2,989 acres in surface area with water depths in the west end of greater than 100 feet.  Water depths in the east end (closer to the hatchery) are 30 to 70 feet deep.  Water is withdrawn from the lake adjacent to the outlet dam on Reeds Brook.  Water is conveyed from the lake utilizing 2 submerged intake lines.  A third intake line is common with a small hydro- electric
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Figure 1. Topographical Map Green Lake NFH

generation facility. This intake is also used. These 3 lines allow the facility to draw water at 3 depths relative to the lake surface, 0 feet, 35 feet, and 65 feet.  A maximum of two withdrawal points may be used simultaneously.  Intake use is determined by seasonal production demands, temperature requirements, and the dissolved oxygen demand of hatchery production. The submerged lake lines have 3’ intake diffusers with one inch spacing located perpendicular to the intake pipe. The line common to the hydro electric facility has a steel plate trash rack with 2” clear spacing covering the surface intake. 
All production water is processed at the water treatment plant. The influent water treatment plant was built in 1978 and designed to treat 12,000 GPM. The treatment plant receives water utilizing 20” and 30” diameter supply piping from Green Lake. The incoming water is first treated by 30 micron rotary screen filters to remove solids and particulates.  Each of the three filters has a hydraulic capacity of 5,000 GPM.  Secondary treatment is accomplished using Ultra Violet (UV) water purification (Figure 2). From 2009-2012 the treatment plant was refurbished. Two of the original UV units, made by Aquafine, were reconditioned and 3 of these units were replaced with new Trojan UVFIT systems. The reconditioned UV’s have an individual treatment capacity of 4500 GPM but are not operated above 66% of their rated capacity.  Each of these UV units has 264 UV bulbs generating an average design dose value of 28,400 μWs/cm2 at a wavelength of 254 nm. These units are labeled UV 2 and UV 4 in Figure 3. 

Six Trojan UVFIT units and automated control panels were installed labeled 1A-5B (Figure 3). Each unit has a treatment capacity of 1500 GPM and an average design dose value of 33 mJ/cm2 at a wavelength of 254 nm. 
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Figure 2.  Rotary Screen Filter and UV Units
The treated water is conveyed to the hatchery post treatment through two ductile iron supply lines. These lines are 20 and 30 inches respectively.  Ultraviolet units #2 and #4 are common with the 30 inch supply line, units #1A, 1B, 3A, 3B, and 5A, 5B are common with both supply lines.  The resulting hydraulic head available to the hatchery after the UV units is 8–9 psi. (Figure 3).
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Figure 3.  Water Treatment Plant Flow Schematic
1. Bio-Security for Water Supply
i. Treatment
1. All production water is treated with rotary screen filtration and UV purification at a wavelength of 254 nm prior to use.  Capacity is 12,000 GPM.  Normal operations require a peak of 9,100 GPM
ii. Operations/Maintenance 

1. Treatment components, i.e. filters, UV units, backup power supply, are inspected daily to ensure proper operation and written logs are kept. Operational standards are defined for filter equipment and UV maintenance. These standards are within the manufacture’s recommended tolerances.  Operating hours are recorded for UV equipment and standards are not exceeded.

2. The treatment plant is monitored by a 16- channel dialer, connected to a 24-hour manned answering service. The alarm functions of critical water treatment systems are monitored by this device. The system is checked weekly.  In the event of a power failure, standby emergency generation is utilized to operate treatment systems.
3. Security and accessibility issues are addressed for measures of biosecurity.  Facility is enclosed in a permanent structure and is kept locked unless maintenance/operations requires otherwise.

iii. Water Discharge.  
1. Introduction of resident fish from the receiving water is averted through fish barrier screens located on the inflow side of each filter unit. In addition, fish will not pass through the 30 micron filter media. 
Description of Main Hatchery Building

Bio-security procedures in production areas vary for each rearing area and procedures are adjusted seasonally. These production units are divided into three main areas. A description and function of each unit is provided below with specific bio-security procedures listed. The three main production units located in the main hatchery building are:  

· Incubation Room and Fry Rearing Area  
· Broodstock Rearing Area and Ambient Temperature Rearing Unit. 
· The Broodstock holding area. 
Incubation Room and Fry Rearing Area  
The GLNFH incubation room consists of two small bays containing Heath style incubation trays. These bays are further divided into four sections (A, B, C, and D); sections A+B and C+D are located in adjoining bays. There is no isolation between incubation sections or the incubation area and juvenile fry rearing area (Figure 4). 
Each set of incubators has eight trays. The top tray of each set is not used for incubation and is primarily for sediment control. These units are arranged in pairs resulting in 14 units per section. Each set has an adjustable water supply that discharges into a concrete sump.  Section D has eight incubation units to facilitate space for a heat recovery pump (Figure 4).  Incubation sections B + C discharge water is part of a heat exchange loop. The main water supply to the incubation banks has a small inline UV unit. This serves as a secondary treatment to the UV units in the water treatment plant. 

The fry nursery area is adjacent to the incubation bays. This room contains 54 five- foot circular diameter tanks which are arranged in four rows.  The water supply to the nursery tanks is also part of a heat exchange loop although ambient temperature water is available (Figure 5). 
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Figure 4.  Incubation Room
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Figure 5. Fry Rearing Tanks
Broodstock Rearing Area and Ambient Temperature Rearing Unit
The GLNFH Ambient Temperature Rearing Unit is located in the main hatchery building (Figure 6). This area consists of six 30-foot concrete raceways, seven 5-foot fiberglass circular rearing tanks, and four 6-foot fiberglass semicircular rearing tanks. Up to three of the raceways are used annually to rear juvenile broodstock. These fish are usually moved to the Broodstock Rearing Area at age 2.  This space also serves as a base for tagging operations with six tagging stations located inside the room.  In addition, a heat recovery sump is located in this area. This is part of a heat recovery loop from the juvenile fry rearing area (Figure 7).  There is no physical isolation between the production units.  Most production units are used intermittently for either research or during tagging.
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Figure 6. Ambient Rearing Unit
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Figure 7. Heat Recovery Sump and Tagging Area

Green Lake NFH maintains a domestic broodstock program.  Domestic Atlantic salmon broodstock originate from a random sample of Penobscot origin fry or parr and are retained on station until sexually mature.  Approximately 1200 fish are kept annually for broodstock development.  These fish reach sexual maturity at ages 3 and 4. The station holds three year classes of broodstock and the population of these groups totals approximately 2500 individuals.

Domestic broodstock are held in an isolated room located at the south end of the hatchery, and adjacent to the Broodstock Rearing Area /Ambient Temperature Rearing Unit.  Access from within the building is gained through two personnel doors from this area.  Access to and from the outside can be gained through 5 secured overhead doors (Figure 8).

This room contains a 25’ by 65’ rectangular broodstock pit which is partitioned to separate multiple year classes.  The water source is common to all year classes held in this area.  The broodstock holding area also receives water from the Ambient Temperature Rearing Unit in addition to water supplied via up-welling floor inlets.
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Figure 8. Broodstock Holding Area
2. 
 Bio-Security for Incubation Room and Fry Rearing Area
i. Water Treatment
1. As with the entire facility, all water is single use.  All production water is treated prior to use (Section 1). This treatment includes rotary screen filtration and UV irradiation at a wavelength of 254 nm. The incubation room water supply line receives secondary UV treatment at the standard germicidal wavelength of 254 nm.


ii. Operations/Maintenance 

1. Operating hours are recorded for secondary UV equipment and manufacturer’s standards are not exceeded.  
iii. Egg Handling Protocol

1. Eggs are received from CBNFH exclusively. Established biosecurity procedures at CBNFH reduce the potential for pathogen transfers between stations (USFWS, 2004). 
2. Ovarian fluids and milt are sampled and sent to the Lamar Fish Health Center (LFHC) for disease screening in accordance with accepted fish health standards. Immediately after spawning at Craig Brook, all eggs are hardened for 30 minutes in 50 ppm iodophor solution, as outlined in the U.S. Fish and Wildlife Service Fish Health Policy (2004) and New England Salmonid Health Guidelines (2000). Eggs are received at GLNFH at the eyed stage, in most cases this is after the initial disease status of the female and male parental broodstock are confirmed. 
3. Upon arrival at GLNFH, eyed eggs are surface disinfected in 100ppm iodophor solution for 10 minutes. This process occurs in an isolation bay that is remote to the incubation room. The effluent drain in the bay discharges directly into the hatchery wastewater treatment system. Egg transportation equipment (containers) is surface disinfected with a 200ppm iodine contact solution. Egg transport water is decanted into a small basin and exposed to an iodine solution with a concentration no less than 200ppm for 10 minutes. The transport water is then discharged. The eggs are then placed directly into Heath Incubators 
4. After eggs and/or fry are released/transferred from these areas, the rearing equipment and areas are cleaned and left dry prior to the next year class cycle.
5. F1 domestic eggs spawned at GLNFH are hardened for 30 minutes in 50 ppm iodophor solution, as outlined in the U.S. Fish and Wildlife Service Fish Health Policy (2004) and New England Salmonid Health Guidelines (2000). Eggs transferred to other non FWS facilities require a completed fish health inspection report for the parental broodstock and the status for all listed pathogens must be negative prior to shipment of eggs. 
iv. Water Discharge.  
1. Water discharge from the facility is under compliance with the water discharge permit issued by Maine DEP.  All fish and egg mortalities are removed from waste water stream and bagged for disposal.  Escapement of fish is minimized through weekly inspections of fry incubation screens. Tank rearing screens are inspected daily for compromised discharge screen media. Damaged or compromised screens are repaired immediately to prevent escapement.  
v.  
Pedestrian Traffic 

1. Physically, the incubation room and fry rearing area (as well as the tagging area and broodstock rearing area) are secured inside a permanent building.  Protocols for movement of hatchery staff in the incubation /fry rearing area are defined below.  Staff are required to use foot baths containing Lysol IC disinfectant containing 10.5% o-Phenyl phenol and 5% o-Benzyl-p-chlorophenol at a concentration of 5000 ppm before entering this area. These baths are adjacent to all four entrances during the incubation/fry rearing period (November- May). Personnel are required to utilize hand sanitation stations containing an alcohol gel prior to working in this area. Any re-entry into this area requires staff to utilize the bio-security protocols above.








2. Fish culture equipment necessary for incubation/fry rearing is used exclusively in this area. Equipment may be used from other hatchery locations provided the equipment disinfection protocol is utilized. All rubber footwear shall be disinfected or dry prior to use in this area.









3. External/internal movement of non-hatchery staff require the use of foot baths containing Lysol IC disinfectant containing 10.5% o-Phenyl phenol and 5% o-Benzyl-p-chlorophenol at a concentration of 5000 ppm. These baths are adjacent to all four entrances during the incubation/fry rearing period (November- May).  A sign in the entrance locations requests visitors utilize these footbaths.
4. Non-hatchery technical staff, i.e. research personnel, contract laborers, students, etc., will be interviewed prior to entering this area to determine specific disinfection protocols for their equipment.  All personal equipment will be subject to the equipment disinfection protocols and existing internal movement restrictions. All visiting personnel will be given a copy of these bio-security protocols and a copy of the station’s bio-security checklist. 

3. Bio-Security Broodstock Rearing Area and Ambient Temperature Rearing Unit 
i. Water Treatment
1. As with the entire facility, all water is single use.  All production water is treated prior to use (Section 1). This treatment includes rotary screen filtration and UV irradiation at a wavelength of 254 nm.
ii. Pedestrian Traffic 
1. Physically, the ambient temperature rearing and tagging area is secured inside a permanent building.  Protocols for movement of hatchery staff in this area are defined below.  Staff are required to use foot baths containing Lysol IC disinfectant containing 10.5% o-Phenyl phenol and 5% o-Benzyl-p-chlorophenol at a concentration of 5000 ppm before entering this area. This foot bath requirement only applies when fish/eggs are present in the incubation and fry rearing unit (November- May). These baths are adjacent to the front and rear entrances of this area.  Personnel are required to utilize hand sanitation stations containing an alcohol gel prior to working in this area. Any re-entry into this area requires staff to utilize the bio-security protocols above.










2. Fish culture equipment necessary for incubation/fry rearing is used exclusively    in this area. Equipment may be used from other hatchery locations provided the   equipment disinfection protocol is utilized. All rubber footwear shall be  disinfected or dry prior to use in this area.
3. External/internal movement of non-hatchery staff requires the use of foot baths containing Lysol IC disinfectant containing 10.5% o-Phenyl phenol and 5% o-Benzyl-p-chlorophenol at a concentration of 5000 ppm. These baths are adjacent to all four entrances during the incubation/fry rearing period (November- May).  A sign in the entrance locations requests visitors utilize these footbaths.
4. Non-hatchery technical staff, i.e. research personnel, contract laborers, students, etc., will be interviewed prior to entering this area to determine specific disinfection protocols for their equipment.  All personal equipment will be subject to the equipment disinfection protocols and existing internal movement restrictions. All visiting personnel will be given a copy of these bio-security protocols and a copy of the station’s bio-security checklist. 

iii. Water Discharge.
1. Water discharge from the facility is under compliance with the water discharge permit issued by Maine DEP.  All fish and egg mortalities are removed from waste water stream and bagged for disposal.   Escapement of fish is minimized through weekly inspections of rearing tank discharge screens when in use. Tank rearing screens are inspected daily for compromised discharge screen media. Damaged or compromised screens are repaired immediately to prevent escapement.  
4. Bio-Security for Broodstock Holding  Area

i. Water Treatment
1. As with the entire facility, all water is single use.  All production water is treated prior to use (Section 1). This treatment includes rotary screen filtration and UV irradiation at a wavelength of 254 nm.

ii. Pedestrian Traffic 

1. Physically, the Broodstock Holding Area is secured inside a permanent building.  The access to this area is kept locked and this area is not open to the public except for guided hatchery tours. Protocols for movement of hatchery staff in this area are defined below.  Staff are required to use foot baths containing Lysol IC disinfectant containing 10.5% o-Phenyl phenol and 5% o-Benzyl-p-chlorophenol at a concentration of 5000 ppm before entering this area. This foot bath requirement only applies when fish/eggs are present in the incubation and fry rearing unit (November- May). These baths are adjacent to the front and rear entrances of this area.  Personnel are required to utilize hand sanitation stations containing an alcohol gel prior to working in this area. Any re-entry into this area requires staff to utilize the bio-security protocols above.
2. Fish culture equipment utilized in this area must be maintained in this area. Equipment may be used from other hatchery locations provided the equipment disinfection protocol is utilized. All rubber footwear shall be disinfected or dry prior to use in this area.
3. Non-hatchery technical staff, i.e. research personnel, contract laborers, students, etc., will be interviewed prior to entering this area to determine specific disinfection protocols for their equipment. All personal equipment will be subject to the equipment disinfection protocols and existing internal movement restrictions.  All visiting personnel will be given a copy of these bio-security protocols and a copy of the station’s bio-security checklist.
iii. Water Discharge.

1. Water discharge from the facility is under compliance with the water discharge permit issued by Maine DEP.  All fish and egg mortalities are removed from waste water stream and bagged for disposal.   Escapement of fish is minimized through weekly inspections of rearing tank discharge screens when in use. Tank rearing screens are inspected daily for compromised discharge screen media. Damaged or compromised screens are repaired immediately to prevent escapement.  

Description of Outside Smolt Rearing Area

The Outside Rearing Area consists of 102 circular epoxy coated concrete grow out pools, 34 - twenty foot diameter pools and 68 - thirty foot diameter pools.  Water depths are maintained at approximately 18 inches.  The 20-foot pools are maintained at a flow rate of 45GPM and the 30 - foot pools are maintained between 75 - 85 GPM.  Water is conveyed via 2 ½ inch and 3” supply lines terminating at a spray bar above the water surface.  Water depths are adjusted using standpipes located in effluent sumps between each pool.  Each effluent sump is common with two rearing pools. Each pool has a center drain located in bottom of the unit. Effluent is conveyed via the sumps to an underground AC discharge pipe which runs parallel to each row of pools. The effluent is then conveyed to a central discharge pipe and then a distribution manifold box terminating in the settling ponds. This area is physically secured under a permanent roof and chain linked fence.  
 As the fish grow, they are subsequently moved from the fry rearing area outside to this rearing unit. Pool loading densities are reduced by transferring fish to vacant grow out pools reserved for this purpose.  The resulting density, flow indices, and biomass for these pools are maintained at safe operating capacities determined by hatchery staff (Figure 9).
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Figure 9. Smolt Rearing Area

1. Bio-Security for Outside Rearing Area

i. Water Treatment
1.  As with the entire facility, all water is single use.  All production water is treated prior to use (Section 1). This treatment includes rotary screen filtration and UV irradiation at a wavelength of 254 nm.

ii. Pedestrian Traffic 

1. Physically, the Outside Rearing Area is secured inside a permanent covered structure surrounded by chain link fence. The entrance gates have predator guards located on the bottom of each gate. These guards are adjusted annually to minimize intrusions by common piscivores.  The access to this area is kept locked when not in use.  Protocols for movement of hatchery staff in this area are defined below.  Staff are required to use foot baths containing Lysol IC disinfectant, containing 10.5% o-Phenyl phenol and 5% o-Benzyl-p-chlorophenol at a concentration of 5000 ppm before entering the Main Hatchery Building. This foot bath requirement only applies when fish/eggs are present in the Incubation and Fry Rearing Unit (November- May). These baths are adjacent to the front and rear entrances of this area.  Personnel are required to utilize hand sanitation stations containing an alcohol gel prior to working in this area. Any re-entry into this area requires staff to utilize the bio-security protocols above.
2.  Fish culture equipment must be maintained in this area. Equipment may be used from other hatchery locations provided the equipment disinfection protocol is utilized. All rubber footwear shall be disinfected prior to use in this area
3. Non-hatchery technical staff i.e. research personnel, contract laborers, students, etc., will be interviewed prior to entering this area. All personal equipment will be subject to the equipment disinfection protocols and existing internal movement restrictions. All visiting personnel will be given a copy of these bio-security protocols and a copy of the stations bio-security checklist. 

1. Equipment Disinfection Protocol
i. Transport Trucks/Tanks  
1. Disinfection of external parts of tanks and trucks is accomplished by coating the tank exterior in a solution of 200 ppm iodophor (1.75% iodine) with a contact time of 5 minutes, followed by a thorough rinse.  Areas that contact the fish, tank insides, hoses, nets are disinfected with 25 ppm iodophor with a contact time of 10 minutes.
ii. Equipment Disinfection
2.  Disinfection protocols require any fish handling equipment moved between different production areas to be disinfected as described above. Research equipment which cannot be disinfected with techniques used above should be thoroughly disinfected with alcohol or by immersion in a quaternary ammonium compound such as Lysol IC disinfectant, containing 10.5% o-Phenyl phenol and 5% o-Benzyl-p-chlorophenol when first coming on station and between uses.
a. Equipment - Employees are required to disinfect hands, footwear, and affected clothing prior to moving from one rearing unit to another. Foot baths and dips containing disinfectant and alcohol sprays are to be accessible upon entry to/exit from each of the primary production units (Broodstock, Incubation/fry rearing/Outside rearing).  All personnel will utilize these safeguards upon entry and exit.  Foot baths and dips are to be maintained for germicidal effectiveness and will be assessed daily. 
 

Nets and other fish culture equipment (mortality pickers, rushes, buckets, crowders, measuring boards, rubber gear, etc.), necessary in the production and fry rearing areas are to be assigned to that area, and not used in other areas.

Rubber gear should be worn at all times to prevent sleeves and other clothing from becoming wet.  Spare clothing should be available on-station in the event clothing does become contaminated.
1. Fish Health Sampling 
i. Personnel and Procedures
1. Only personnel trained by Service Fish Health Biologists will conduct necropsies. Appropriate samples will be collected for investigation when aberrant behavior and/or chronic mortality are observed.  Domestic broodstock are monitored for pathogens through annual inspections by the Lamar Fish Health Center (LFHC) at the incidence rate of 5% (60 fish sample).
2. Statistically based sampling for listed fish health pathogens shall be conducted annually. A copy of this report will be maintained on station.
3. GLNFH must comply with MDIFW and MEDMR salmonid fish health rules (12 MRSA, §6071; 12 MRSA, §§7011, 7035 and 7201, 7202) for notification to the appropriate agency within 24-hours of pathogen detection.  This is also a condition of this facilities waste water discharge license.  
ii. Biosecurity Audits/Review

1.       Service fish health biologists will conduct biosecurity audits at the facilities on a regular basis.  All operational and mechanical safe guards in place must be reviewed and evaluated for the biosecurity audit report.

2.      Any breakdowns, failures, new technologies, etc., will be forwarded to the Lamar Fish Health Center as they arise during the interim between audits.

3.     Accurate records of mortalities, spawning and egg takes, hatch, and treatments, must be kept and provided when requested.  Persistent and/or unusual physical or behavior signs observed on the fish will be reported to the LFHU. As specified in the fish health policies, the Lamar Fish Health Unit will issue fish health inspection reports annually, prior to stocking.  Additionally, as specified in this document, one Biosecurity Audit Report for the entire GLNFH complex will be submitted each year.
References:

Atlantic salmon Recovery Framework Draft, (2011, March)
Green Lake National Fish Hatchery Ellsworth, Hancock County, Maine; Pollutant Discharge Elimination System Permit and Waste Discharge License # Me 0002623.

New England Salmonid Health Guidelines, 2000, Thomas a. Wiggins chairman, 42 p

U.S. Fish and Wildlife Service, 2001. Craig Brook National Fish Hatchery Standard         Fish Husbandry Procedures for Biosecurity

U.S. Fish and Wildlife Service, 2004, Service Manual 713 FW 1-5, Fish Health

Biosecurity Checklist 
1. Check if equipment/supplies have been off station

2. Check condition of equipment/supplies i.e. new, unused, in use.

3. Check to determine if equipment / supplies have a reliable chain of custody or this can be documented.

4. Check if any live products are being transported to station.

5. Determine if personnel are aware of station biosecurity procedures.

6. Determine frequency and timing of visits by personnel to coordinate availability of trained staff member.

7. Require all non station personnel to provide advanced notice before entering station grounds (usually 24 hrs notice).

8. Provide clean clothing and footwear for all visitors.

9.  Require all visitors to wash/disinfect their hands and equipment before entering station. (Research/field personnel).
10. Power-wash all vehicles and equipment and disinfect on a hard, dry surface such as a concrete panel before entering the premises.

11. Change all foot baths at least weekly, and more frequently in high-traffic areas.
12. Keep all restricted areas secure and locked when not in use.
13. Make sure biosecurity signs are visible and in place.

14. Understand the consequences to your station and your job if there is a catastrophic biosecurity failure. 
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