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Presentation Notes
Many of us have had little or no training in electrofishing safety.  The orientation provided likely consisted of statements similar to “Here’s a net.  Get in the front of the boat.  When you see a fish, net it.  And oh yeah, don’t put your hand in the water”.  We’ve learned a lot about electrofishing since the early days and lack of safety training is no longer excusable, if it ever was.

This course serves as part of your safety orientation that you undergo prior to field work or when joining a crew.  For U.S. Fish & Wildlife Service employees, the Service electrofishing safety policy (241 FW6) states that

6.7 C. “All crew members on the electrofishing team must receive an electrofishing safety orientation prior to the field season, or when they join the team during the field season, and a briefing prior to the start of each electrofishing sampling event.”

 “The safety orientation must include the NCTC Electrofishing Safety online course (CSP2202). “


Course materials include a broadcast-style presentation that includes a video section on equipment and personal protective gear. Supporting materials (FWS Safety Policy 241 FW6, Wader Safety video, Acknowledgement of Electrofishing Orientation, and several example job hazard assessments) as well as copies of powerpoint presentations can be accessed via the Menu on the left or the Resources tab on the upper right.

Finally, it is important to understand that, while many electrofishing safety protocols are firmly based on physics principles, some directives or suggestions are not.  These latter protocols are derived from an understanding of electrical systems and experiences from the field, but have not been rigorously tested.  Examples include the extent of wet conditions that should trigger the operator to shutdown electrofishing gear.


Session Purpose

* Increase knowledge and skKills in
electrofishing safety that will result in
reduced incidents and injuries to you as a
crew member while maintaining efficient job

performance.
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And, a more confident, happier crew


Objectives
(The participant will be able to...)

 Recognize and appreciate the risks inherent in
electrofishing sampling

* Discuss the purpose and value of safety policy
documents

« Describe approaches to improve safety at
electrofishing projects (including an employee safety
program)



Objectives
(The participant will be able to...)

« Describe equipment safety features of various gear
types (e.g., boat, backpack, shore-based)

 Review personal protective gear types and their use



In the Electrofishing Safety course
(CSP2202) there are additional materials...

» Presentations and videos

 U.S. Fish & Wildlife Service safety policy (and at FWS
Electrofishing Safety Policy)

« Job Hazard Analysis forms
with electrofishing examples



http://www.fws.gov/policy/241fw6.html

Risk in Context of EF Gear Circuitry

It doesn't take much current... (the "1 - 10 - 100 rule")
Estimated Effects of 60 Hz AC Currents

1 milliAmp Barely perceptible
16 milliAmps Maximum current an average adult male can grasp and “let go”
20 milliAmps Paralysis of respiratory muscles

100 milliAmps  Ventricular fibrillation threshold
2 Amps Cardiac standstill and internal organ damage
15/20 Amps Common fuse or breaker opens circuit

Contact with 20 milliamps of current can be fatal.
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The US Navy approximates this table with the “1-10-100 rule” wherein 1 ma is perceptible, 10 ma is a significant shock, and 100 ma may lead to heart trauma.  Electrocution results from power (both volts and amps).  The amperage level to cause significant problems can be very low, however.  Electrofishing gear electrical output can easily exceed these table values!

It is important to note that people have different sensitivities to electric shock. There likely are many reasons for this observation. Laboratory white rats have widely varying skin resistances (average 338,000 Ω) and different human body resistances are recognized in automatic external defibrillator (AED’s) research.  Higher body resistances would reduce current flow in tissues.


Dry skin is a good insulator but insulative capacities decline
dramatically when wet.

This is one reason for wearing rubber gloves while
electrofishing.
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Presentation Notes
Dry skin is a good insulator but insulative capacities decline dramatically when wet.  This is one reason for wearing rubber gloves while electrofishing.

Electric chair protocols used high voltage (2,000 V) to break down skin resistance.  Dry skin has high resistance and gloves greatly add to the safety factor.



Risk Information from a Navy Study

Danger threshold for humans is ~ 50 mA peak current

Resistance of diver in wet suit is ~ 500 ohms
Resistance of unprotected diver is ~ 100 ohms

Ohms Law: Resistance = Volts + Amps or Volts = Resist x Amps
So, Volts = 100 ohms x 50 mA = 5 volts!

A person 6 ft. tall is 6 ft. x 12 inches x 2.54 cm/inch = 183 cm
Voltage gradient through body =5V /183 cm = 0.027 V/cm

We typically use 0.4 to 0.7 V/cm to capture fish
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Scenario: While electrofishing, a dipper falls into the water off the bow, near the anodes

Danger level is 5 volts through body

We may be putting 200 to 1000 volts in the water while electrofishing

Someone could easily be exposed to the area in water with 30 to 50+% of total voltage, depending on proximity to anode



50 - 60 Hz AC Appears More
Hazardous to Humans than DC
Human nerves are sensitive to 60 Hz AC. Automatic

external defibrillators (AED’s) often use a 60 Hz
“biphasic” (= AC) waveform to stop fibrillation.
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Backpack-generated AC
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Although 50 – 60 Hz alternating current appears to be the most hazardous to humans, all electrical waveforms, alternating current, direct current, or pulsed direct current should be considered  hazardous.


Even if the shock itself doesn’t hurt
someone...

* the shock instead may cause the crew
member to fall against equipment, a hard

surface, into the electric field, etc.




We need to...

 elevate safety concerns to our top priority (is
any piece of data really worth serious injury?)

* base our operations on safety principles; truly
make it “Safety First” (for instance, put safety
gear at the top of the equipment checklist)



. Safety Policies

« A definition:  written safety guidelines binding to employees

« More agencies in U.S. developing safety policies (beginning
in the 1980’s)
— Federal (FWS initial policy was in 1985), state, universities

— Primary motivations include concern for crew member safety
and avoidance of litigation

— FWS policy used as a basis for some other federal and state
agency policy development

« Safety policy document

— Safety tool
(e]0]
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Some safety concepts are intuitive while others are not.  A safety policy can inform crew members.

Crew members will vary in their perception of risk.  A policy requirement promotes standardization of reaction to various situations, as the distance of closest approach by the public before cessation of sampling.

It seems obvious, but an employer safety policy applies only to employees of that agency.  So, the FWS cannot “certify” someone outside of the FWS in electrofishing but we can provide a course completion certificate for successfully completing this class.  What this course completion certificate means relative to meeting safety training standards is up to the policy of the employee’s agency.

Once approved by the agency, crew members are bound to comply with the provisions set forth in the electrofishing safety policy.

In the particular case that the crew is made up of staff from multiple agencies (but including FWS personnel), still someone on that team must serve as the team leader with the required training directed by 241 FW 6.


FWS Safety Policy

 Fish & Wildlife Service
Occupational Safety and Health
Part 241 Safety Operations
Chapter 6 Electrofishing 241 FW 6
http://www.fws.gov/policy/241fw6.htmi

 Recently revised December, 2016

 Review and revision, if necessary, every 5 years
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An electrofishing safety document should be periodically reviewed and revised, if needed, to accommodate new technologies or knowledge.

Your field station should inform the agency safety officer(s) of your experiences and perspectives on safety and job performance in the field.

There are many examples of other federal, provincial, state, and university safety policies (such as US Geological Survey Manual 
	http://www.usgs.gov/usgs-manual/handbook/hb/445-2-h.html, SM 445-2-H CHAPTER 42 Electrofishing Safety)



FWS Safety Policy

TABLE OF CONTENTS

Topics Sections

Overview 6.1 What is the purpose of this chapter?

6.2 What is electrofishing?

6.3 What is the scope of this chapter?

6.4 What are the authorities for the chapter?

6.5 What terms do you need to know to understand this chapter?
Responsibilities 6.6 Who is responsible for ensuring compliance with the electrofishing policy?

Training 6.7 What are the training requirements for team leaders, other crew members, motorboat operators, and
those using electrosedation?

Design 6.8 What design specifications are applicable to all electrofishing operations?

Specifications 6.9 What design specifications are applicable to portable electrofishing equipment?

6.10 What design specifications are applicable to electrofishing boats and rafts?

Personal 6.11 What personal protective equipment and safety practices are applicable to all electrofishing
protective operations?

equipment and 6.12 What additional personal protective equipment and safety practices are applicable to portable
safety practices electrofishing units?

6.13 What additional personal protective equipment and safety practices are applicable to electrofishing
boats and rafts?
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An electrofishing safety document should be periodically reviewed and revised, if needed, to accommodate new technologies or knowledge.

Your field station should inform the agency safety officer(s) of your experiences and perspectives on safety and job performance in the field.

There are many examples of other federal, provincial, state, and university safety policies (such as US Geological Survey Manual 
	http://www.usgs.gov/usgs-manual/handbook/hb/445-2-h.html, SM 445-2-H CHAPTER 42 Electrofishing Safety)



=
If Your Agency Does Not Have a Policy...

. Recommend to administration that agency temporarily
adopt USFWS regulations

— Action requires sign-off by directorate

. If cannot get sign-off, adopt FWS or some other agency
policy as your office policy

— Put adopted policy along with a cover letter of explanation
in files

. Convene a panel to derive a safety policy

— Be sure to offer the draft policy to agency electrofishers for
their review and comment; consider comments and revise
as warranted
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Your office must have a safety policy.


® Safety policy panel

Biologists (practical experience, “risk-taking”)
Electrical engineers (technology experts, “risk-adverse”)
Safety officers (policy and legal experts, likely “risk-adverse™)

Need a panel to develop and
review the agency electrofishing
safety policy at regular intervals
(3 yrs., Syrs. ?)

Various perspectives and

expertise of panel members a 2
strength but policy discussions : 8
often a tug-of-war
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A safety policy shouldn’t be written by a safety officer, electrical engineer, or a biologist alone.  Convene a panel the contains at least these three entities.  The electrical engineer understands the electrical concepts important for safety, the biologist injects the logistics and realism, and the safety officer provides policy guidance.

Several state and federal policies exist and can be used as starting points.  Each component of a safety policy should be discussed by all panel members with the aim to produce safe but job-accommodating directives.  Any operation should pass this litmus test- can a particular technique be defended as safe, reasonable, and practical to an independent investigative body?


Technique or Procedure
Not Covered in Safety Policy

* Write memo to file explaining procedure
and detailing safety precautions
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No safety policy is completely comprehensive.  A policy should have the flexibility to allow for additions.  Techniques/procedures not mentioned in policy should be documented as needed, safe, and practical. For example, consider the use of throwable anodes.  Throwable anodes are needed to effectively sample brown trout in course woody debris of streams in some locations. The “remote” sampling aspect reduces the fright response of the fish.  Safety attributes are similar to tow-barge shocking, the hull is non-conductive and the cathode is isolated from the anodes by its location on the bottom of the tow-barge hull.  Unlike tow-barge shocking, throwable anodes do not have a safety switch on the handle so the tow-barge operator is responsible for the primary system safety switch (not the anode handler). Using throwable anodes, as a modification of tow-barge shocking procedures, can be demonstrated and documented to be a safe and practical fish sampling method.




Nugget

* Have a written safety policy to guide
your electrofishing sampling
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Review your safety policy to make sure that you are in compliance with all provisions.


Employee Safety Program

 First step: adopt written safety guidelines

* Next step: institute an employee safety program
— Three elements:

— Prior to field work, new crew members should
receive training on equipment, procedure, and
risks involved


Presenter
Presentation Notes
Each office supervisor should ask “What type of safety orientation should I provide to my employees?”  Supervisors must make employees aware of proper safety procedures before the employee is engaged in electrofishing.  Under FWS policy, the team leader responsibility is to give all crew members an electrofishing safety orientation at least once per season and prior to the start of electrofishing activities or when they join the team during the field season. Employees should be made aware that they have the right to question the safety aspects of any operation and, if they feel that the operation is unsafe, refuse to participate.  They should do these things without fear of consequences from other crew members or the supervisor.

1. Training
	a. training plan
	b. training materials
	c. training documentation
	d. electric principles and risk awareness
	e. electrofishing equipment design
	f. equipment safety features
	g. safety procedures (see operations)
	h. orientation by observation of operating equipment , sampling by others, by trial run, or by logging given amount of hours operating 	equipment
	I.  may also include CPR, First Aid, motorboat operation, and  wader safety training
2. Equipment
	a. construction specifications
	b. overall design (power source, control box, interconnection system, electrodes, safety features)
	c. metal surface continuity in boats
	d. generator grounding and isolation
	e. noise and exhaust
	f. fuel storage and transport
	g. battery containers
	h. circuit breakers
	i. conductor conduits
	j proper connections
	k. electrodes
	l. walkways and railing
	m. built-in safety features
	n.  Personal protective equipment and safety equipment
	o. dip nets and handles	
3. Operations
	a. guidelines and priorities
	b. protect public
	c. protect pets and livestock
	d. avoid heavy rain and thunderstorms
	e. hazard awareness
	f. role of crew leader
	g. NEVER FISH ALONE
	h. switches off at start-up


Employee Safety Program

— training plan: may be outlined in safety policy
document; see 241 FW 6.7

— materials: policy (e.g., 241 FW 6.6), Electrofishing
Safety course (CSP2202)

— documentation (by recording on the Acknowledgement
of Electrofishing Orientation.pdf form or on a learning
management system as DOI Learn)

— Electric concepts and risk awareness: very low current
levels can seriously injure
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From the FWS electrofishing safety policy-

6.6 What are the training requirements for team leaders and other crew members? 
A. Team leaders must have a current certification in electrofishing. 
(1) Certification consists of: 
(a) Successful completion of NCTC’s Principles & Techniques of Electrofishing course…
(b) Successful completion of a course in adult CPR and first aid… 
(2) The team leader must pass the NCTC Principles & Techniques of Electrofishing written exam at least every 5 years and have current CPR and first aid certificates to maintain electrofishing certification. 
B. At least one other crew member of an electrofishing team, in addition to the team leader, must have a current certificate in CPR and in first aid. 
C. All members of the electrofishing team must receive an electrofishing safety orientation at least once per season and prior to the start of electrofishing activities or when they join the team during the field season. 
The safety orientation must include the NCTC Electrofishing Safety course (CSP2202). 
The team leader may add site- and equipment-specific topics to the orientation. 
D. Personnel operating motorized watercraft in the line of duty must complete the Department of the Interior Motorboat Operators Certification Course (see 241 FW 1). 

FWS staff: documentation of orientation through CSP2202 course completion certificate.

http://www.fws.gov/policy/241fw6.HTML
http://nctc.fws.gov/NCTCWeb/catalog/CourseDetail.aspx?CourseCodeLong=FWS-CSP2202-OLT

Employee Safety Program: Training

 Electric concepts: for example, in-water probe can
demonstrate the extent of the electric field

“'3 A. Lawrence Kolz
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The electric concepts component of staff orientation may include field mapping by in-water probe and multimeter or by placing the leads of an audio-amplifier into the field to demonstrate electric field extent.  Field pattern can help staff make decisions about placement of personnel and closest approach of public (FWS policy, public no closer than 100 feet while operating equipment).


Employee Safety Program: Training

« Explain system components, function, operation, and
safety features in a non-working environment

~ J_oe Coeffelt
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A first step is to have the equipment in a non-sampling environment for the new crew members to examine.  This is a boat parked in a lot.  The person giving the orientation is Mr. Joe Coeffelt, founder of Coeffelt Electronics, Inc.


Employee Safety Program: Training

« Demonstrate gear functioning and safety features in a non-
working (fishless) environment




Employee Safety Program: Training

* New staff observe actual use of equipment, sampling
protocols, and safety procedures
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New staff also can be integrated to practice technique.

Some agencies require that training includes operating equipment for a minimum number of hours under the supervision of an experienced person.  This type of training may be gear specific (i.e., certification in backpack shocking, certification in boat shocking, certification in shore-based shocking, etc.)


Employee Safety Program: Training

« CPR & First Aid: important for at least 2 crew members to
have certification
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The Red Cross and American Heart Association follow OSHA training guidelines which require a hands-on skill-building session as part of the CPR course.  The Red Cross currently gives only instructor-led classroom courses while the American Heart Association have instructor-led classroom courses and a hybrid class wherein basic concepts are gained on-line and the skills section is at a local classroom.

At least two by FWS safety policy, but preferably all crew members, should have CPR and first aid training.


Employee Safety Program:

 Also consider...

— Wader safety training in a swimming pool
* Video by Utah State University

— Practice emergency actions when suddenly become
submerged with a backpack shocker (in a swimming
pool)

» This type of training done by provincial fisheries agency in
Alberta, Canada

— Operating equipment for a required number of hours
under supervision of a person experienced with that
particular equipment type (a “practical”)


Presenter
Presentation Notes
The backpack safety training in Canada includes a life guard.  The backpack shocker is a dummy without batteries but weighted. Participants jump in over their heads wearing chest waders and a backpack electrofisher.  They activate the quick release harness or belt, shed the backpack unit, and come to the water surface.

Wader safety should at least consist of jumping off the deep end of a pool in waders and treading water for a few minutes.  Participants learn that even with their waders full of water, they do not sink.

A supervised practical is now required of biologists seeking first time certification through the online “Principles and Techniques of Electrofishing” (CSP2c01).


1-

ipmen

Equ

Employee Safety Program
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At this point, we will describe electrofishing gear and the gear safety features.


Equipment

Equipment built to code (see 241
FW 6.8) and with adequate safety
devices/precautions have
protected biologists from injury

However, do not blindly depend
upon a single safety device (e.g.,
do not depend upon a safety
switch functioning properly to
handle energized electrodes);
have backup devices or
approaches

Lightning rod
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This picture of a space shuttle on the launch pad illustrates how a safety device (lightening rod) can fail.  If a technician ignored an electrical storm to work on the launch pad, feeling that s/he was protected by the lightening rod, an injury could result.  Never depend upon one safety device.  Modify your operation.  In electrofishing, never handle electrodes while the power source is engaged (battery plugged in or generator running).  Unplug power source or electrode from circuit.  Don’t depend only on a safety switch to protect you.

Note: immediately after turning off equipment, capacitors in the control box are still charged.  Thus, voltage is still being applied to the electrodes despite the control box switch being off.  Capacitors self-discharge but may take up to 5 minutes to do so.  Do not handle electrodes until capacitors have self-discharged.


Components of an Electrofishing System
(the gear)

battery or generator, provides
electrical energy to power the equipment

controls the waveform
characteristics (type, volts, amps, frequency,
pulse width, duty cycle) and has safety circuitry

provides knowledge of the actual
electrical outputs (volts, amps, frequency, etc.)
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The safety features of the control box include the emergency stop switch and the safety circuit relay.  The relay turns power on and off in response to a foot - or hand -activated safety switch.  Good electrical waveform control dials and metering  give the operator the capability to manage power output.  Putting more power in the water than what is required for successful electrofishing may increase the probability of fish injury and also pose an increased safety risk.

Equipment configurations without a control box  may not have waveform control and do not have safety circuitry.



Components of an Electrofishing System
(the gear)

the conductors (wires), conduit,
condulets, junction boxes, cable, plugs, etc. that carry the
electricity from the power source and control box to the
electrodes; also includes the safety switch circuit.

metal structures that couple the circuitry of the
gear with the water; many configurations; under control of
the biologist

primarily with boats; lights, pumps,
aerators, etc. that provide peripheral electrical services



M Electrofishing Boats and Rafts ™=

Personal proteotlve gear % Power supply

e — W

Hull typlcally
. wired as the
cathode.

Electrodes Y


Presenter
Presentation Notes
First category of equipment is boats/rafts.

The boat pictured is a common set-up having a metal-hulled boat (~16 – 18 feet in length), safety railing, conductors in conduit, 2 fixed booms with dropper electrodes, and lights for night-time sampling.  Assuming a control box with metering in the console, all 6 system components are present.

The hull, in this case, is not directly wired as the cathode; instead, a dropper cathode goes through the side of the hull into the water.  Dropper cathodes for general surveys are an old design.  Presently, the hull is wired as the cathode unless special deep-water dropper cathodes are being deployed for deep-running fishes.  Using the hull as an electrode (cathode if DC or PDC) is safe for the crew.  More will be covered later regarding the electrical safety considerations of the hull and metal components on-board.


oat Electrofishers
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A backpack electrofisher is electrically isolated from land, water, and the operator. Hence, the electrofisher is at a different electrical potential than its surroundings (which includes the sampling team). As opposed to a boat, the crew cannot surround themselves with equipotential surfaces. To prevent the likelihood of a discharge of electricity to you (a shock), always handle the controls with rubber gloves. This is particularly true if the housing face and/or the control knobs are metal.  If the operator and backpack surfaces are wet, there is an increased risk of shock to the operator.  Dry off.   If raining, cease electrofishing if the backpack and operator are not protected from rain in some manner.


Exhaust build-up can lead to al
increase in carbon monoxide
levels; some configurations pif
exhaust to outside stern or via
- | elevated pipe.

S S ) The generator should be direc
\ wired or bolted to the hull or
reference metal for continuity.

i

Secured and leveled aenerator


Presenter
Presentation Notes
You can test if you have a carbon monoxide build-up easily and cheaply by using carbon monoxide detectors for airplane cockpits.  These detectors are cards that turn color if carbon monoxide is detected.

The generator case must be in electrical continuity (part of the same “circuit”) with the metal hull or rowing frame of a raft.  To achieve continuity, make a connection between the generator housing and the hull, rowing frame, or other reference metal either by wire or by bolting the generator.

Note: “reference metal” is the largest piece of metal in a metal or non-metal hulled boat that other metal surfaces are electrically connected to.


Generator securely mounted with exhaust directed over side

Bars for protection against
Touching hot surfaces
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In this example, the exhaust emissions are directed over the side of the hull.

This generator must be hardwired to the hull.  Otherwise the generator is electrically “floating” because it is placed on a non-conductive surface (wood).




Presenter
Presentation Notes
This design may be the most effective  in preventing carbon monoxide build-up by placing  the exhaust outlet where wind can more easily disperse gases.

http://sharepoint.fws.net/Programs/NCTC/production/Image/Picture%20Library/FIS2201_PrinciplesandTechniquesofElectrofishing_2010_AlanTemple_BillWilliamsNWR_AZ_Photog_RyanHagerty/IMG_6751.jpg

Noise levels from generators

 OSHA has standards for levels of loudness (decibels) and
times of exposure (hours).
— OSHA Noise Level Standard, 29 CFR 1910.95

— see USFWS policy 241 FW 6.11 (D): If using a generator, a noise
survey to document Sound Pressure Level (SPL) exposures to
electrofishing crew members must be performed. When subjected to sound
levels at or above 85 decibels (dBA), regardless of time exposed, crew
members must wear hearing protection to reduce sound levels (see 242
FW 3). Also, whenever employee noise exposures equal or exceed an 8-
hour time-weighted average sound level of 85 dBA, a continuing effective
hearing loss prevention program, in accordance with 242 FW 3, must be
administered.

— New inverter generators are less noisy than typical conversations
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241 FW 6.9 (D)(1)

If using a generator, we must perform a noise survey to document sound pressure level (SPL) exposures to electrofishing crew members. When crew members are subjected to sound levels at or above 85 dBA SPL regardless of time exposed, we must provide and crew members must use personal protective equipment to reduce sound levels (see 242 FW 3).  Also, whenever employee noise exposures equal or exceed an 8-hour time-weighted average sound level of 85 decibels, we must administer a continuing effective hearing loss prevention program in accordance with 242 FW 3. 


Control Box [

DC frequency
control
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In this model, output waveforms are AC and pulsed DC.

The controls contained in this model allow fine adjustment of voltage and power applied to the water.  Volt and current meters inform the operator of electrical output levels.

Most control boxes have two safety components, an external emergency stop  switch for rapidly turning off system power and an internal relay connected to a foot pedal safety switch for turning system power on and off.  Typically, the emergency stop switch is operated by the boat driver and the foot pedals by the netters on the bow work-deck.  The boat operator also may operate a foot switch in some designs (not required in USFWS policy).


 Conductors of
sufficient gage
should be
contained within
conduit
whenever
possible
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USGS policy: low voltage safety circuit
conductors must be in a 300 V rms
minimum cable if contained in the same
conduit as the high voltage conductors

Power cable (leading
to foot safety switch)
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Conduit and condulets protect conductors (wires) contained inside them from damage.  Insulated cables run from condulets to external appliances as foot pedals and plugs.

USGS = US Geological Survey

Some definitions of interest-

Watertight (weatherproof).  An enclosure more protected than weather-resistant. NEMA type 4 and 4s, IEC IP56.
 
Weather-resistant. An enclosure that protects against weather hazards as rain and sleet. NEMA type 3 and 3s, IEC IP54.



Pay attention to conductor capacities
(voltage & current)

Power cable rating

Conductor Voltage. The insulation value for all wiring
must meet or exceed the maximum voltages generated by
the power source or pulsator. In general, the branch
circuit conductors will require the highest breakdown
voltage capacity to sustain the peak magnitudes of the
voltage pulses. For insulated wires that are specified with
a V rms rating, the peak breakdown voltage (AC, DC, or
PDC) can be estimated to equal 1.41 times the V rms
rating (example: 600 x 1.41 =846 V DC).



Pay attention to conductor capacities
(voltage & current)

Conductor size (i.e., for copper wire)
will be approved for rated RMS amperage of equipment as
listed in the following table. Always check manufacturer
specifications for conductors (see 241 FW 6.8)

1(13 ?g ﬁwg The peak current (AC, DC, or
22 16 AWG PDC) can be estimated to

32 14 AWG equal 1.41 times the Amp RMS
3‘3‘ gﬁwg rating (example for 9 AWG:

158 3 AWG 64 x 1.41 = 90 Amps DC).

181 2 AWG
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AWG = “American Wire Gage”


o & Watertight safety-shroud
“i"b _.— receptacle & plug

Be sure to check voltage capacity
of the receptacles and plugs
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For connections made outside of condulets, as where booms are connected to the boat circuitry, recommend the use of water-resistant or watertight receptacles and plugs.


o
e

QQ Not as weather-reS|stant as f‘*"”-:
a shroud receptacle & plug
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The outlet is neither watertight nor weather-resistant.
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The metal mesh wrapping provides protection to the cable from wear by boots.  Pedal switches can be cumbersome and hard to maintain contact with while netting.  Foot switches should be checked for proper function before each sampling event.  Foot switches can fail.  Although the failure usually is in the off or “open” position, a failure could result in a continuously on or “closed” circuit.  Foot switches do require maintenance.

Other foot safety switches include mats and kick plates.

Safety switches do not interrupt the main line.  Instead, they are on low voltage circuits (>24 Volts)  that operate a relay in the control box.


Lights for Sampling

120 V circuit

Protective covering

Additional lights on
bottom of railing
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The lighting system on boats may be on an AC 120 V or a DC 12 V circuit. Due to low voltage levels of the DC 12 Volt system, 12 V lighting is safer as compared to an AC 120 Volt lighting system. If the lights are 120 V, protective coverings over the bulb should be included.



Lights and Auxiliary Circuits

Try to run all lights on a 12 volt circuit
Lighting using LEDs is a great option
At least, wire deck lights on a 12 volt circuit to

allow generator to be turned off when working
up fish or checking equipment

Other electrical equipment as pumps should
be on a 12 volt circuit




Railings & Booms
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Fixed electrode booms

Can accommodate a
single boom
arrangement



Presenter
Presentation Notes
Railings should be approximately waist-high.

The electrode booms contain the dropper electrodes (anodes when shocking with direct current) on the distal ends.  “Fixed” means that the booms are immovable when electrofishing is in progress.




Booms Moveable Anodes
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Presenter
Presentation Notes
A moveable anode on a boat is sometimes called a “prod pole”.

FWS safety policy prohibits moveable anodes on metal-hulled boats.  The booms must be fixed.  A safety concern is touching someone with a live anode while they are in contact with the cathode (hull).  If this situation occurred with the power on, the crew member would be bridging to different electrodes, essentially wired in a circuit!

“Prod poles” or “Throwable anodes” are allowed on boats or tow-barges with non-conductive hulls (cathode is a plate attached to the bottom of the hull).


Non-skid strips for sure footing on deck



Presenter
Presentation Notes
Non-skid surface or strips placed on the bow deck help footing and are required on FWS boats.


Anode spheres

Dropper cathodes



Presenter
Presentation Notes
In metal hulled boats, usually it is advantageous to directly wire the hull as the cathode. Rafts do not have conductive hulls and so must be outfitted with separate cathodes.

Rafts should have railings similar to a metal-hulled boat.

All metal surfaces, particularly the pulsator and generator need to be in electrical continuity as in a metal-hulled boat.  Instead of the metal hull, the reference metal for rafts often is the rowing frame.


Establishing Equi-potential
Surfaces on a Boat or Raft

* A unique aspect of boats and rafts is the
advantage of being able to establish
equipotential surfaces. Having all metal
surfaces in a boat/raft electrically
connected reduces shock hazard.
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Presenter
Presentation Notes
A biologist standing in an electrofishing boat is like a bird perched on an electrical transmission line; both are safe as long as they remain on an equipotential surface and avoid touching anything at a different potential (voltage). For example, a metal hull electrofishing boat is an equipotential surface if all large metal surfaces (railings, generator, control unit, outboard engine, etc.) have metal-to-metal contact with the hull.


Checking for equipotential surfaces; a multimeter should
read less than one Ohm between significantly-sized pieces
of metal

Connect all metal to a “reference” metal structure (the boat
hull on a metal-hull boat or the metal rowing frame on a raft)

Objects generating a charge (generator, pulsator) should be
hard-wired to the hull



Presenter
Presentation Notes
Floating, or isolated, metal can be detected with a multimeter set on resistance. If the resistance between two pieces of metal is less than 1 Ω, then the materials are electrically connected, or in continuity. Many multimeter models will emit a “beep” if the two metal surfaces tested are in continuity. 

If all metal surfaces in a boat are in continuity, then all surfaces will have the same voltage applied relative to ground (there is no potential difference).  Standing in the boat, one should be able to touch any two surfaces in the boat safely, but contact with surfaces outside the boat during electrofishing (e.g., water, overhanging vegetation) may result in shock. For example, if the control box case becomes elevated in voltage due to a short, then by being referenced to all other significant metal surfaces, all surfaces in the boat become elevated to the same voltage level.  The result is no shock potential.  If, however, while electrofishing you put one hand on the boat railing and one hand in the water, there is a voltage potential and you receive a shock.  Or if you put one hand on an anode and the other on the cathode, you’ll be shocked (Don’t do this!! Severe shocks have resulted by handling electrodes during which time the power was inadvertently turned on).

A nonconductive boat hull requires a large piece of metal (e.g., railing in a fiberglass boat, rowing frame in a rubber raft) to which all metal surfaces may be wired.



* |n rafts, reference all metal surfaces to the
metal rowing frame

The rowing frame is the
reference metal




Generator Continuity

A hard-wired generator

that has a “ground wire”
running from the case of the
generator to the hull
(reference metal); without

a ground wire, this
particular generator would
be floating since it is sitting
on a non-conductive surface.




Pulsator (Control Box) Continuity

This control box is potentially
“floating”, that is, not in
continuity with the hull or
reference metal. Control box
must either be hardwired to
the hull or in continuity with
the hull through the power
input cable from the generator.
Of course, the generator must
be in continuity itself with the
hull, preferably by
hard-wiring.



Presenter
Presentation Notes
A common mistake is to incorrectly wire the input generator cable such that the ground is not connected between the pulsator and generator.  You can check this connection with a continuity test using a multimeter or just have a wire running from the pulsator case to the reference metal (hull in the case of a metal-hull boat).


Generator Case Neutral

Presently, many generators are sold with a case neutral*
connection (designed for use in building construction).

For electrofishing, the generator must not have a

case neutral connection unless design provisions are made as, for
example, incorporation of an ; otherwise,
equipment damage can result

Now, generators without a case neutral connection are
more common off-the-shelf items (especially for the
recreation vehicle market).


Presenter
Presentation Notes
*A case neutral is an electrical connection from the generator windings to the generator case and then to ground via the grounding wire.  The case neutral provides a pathway for current to go to ground safely in the event that a short occurred somewhere else in a circuit being powered by the generator.  Many control box models connected to generators that have the case neutrals intact risk immediate damage.


Generator Case Neutral
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Remove case
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TR
neutral
wire

The outer-c'ahas been removed to expose the internal Wiring of the generator


Presenter
Presentation Notes
In this figure, the outer cap has been removed to expose the internal wiring of the generator.

Wiring diagrams vary with the generator model such that the case neutral may be easily identified and removed or may be irremovable in other models.  Consult an electrician.  In this particular model, the white-colored case neutral is a wire that runs from the neutral post to the ground post.  Removing this wire disengages the case neutral.  Note that the green ground wire extends from the ground post inside the generator to connect to the outside frame of the generator. 


Additional Equipment

* For the FWS, additional equipment on
electrofishing boats as fire extinguishers and
other safety devices come under watercraft
safety policy 241 FW 1, which in turn follows
the U.S. Coast Guard minimum requirements.

— See Boatsafe.com (http://boatsafe.com/) for an
equipment list



Presenter
Presentation Notes
Note: fire extinguishers are not required on boats < 26 feet in length provided  the construction of the motorboat is such that it does not permit the entrapment of explosive or flammable gases or vapors, and if fuel tanks are not permanently installed.  Otherwise have in your electrofishing boat one B-I type approved hand portable fire extinguisher.  Considering the typical electrofishing boat design and operation, having a B-1 type fire extinguisher is highly recommended.


http://boatsafe.com/

Additional Equipment

* A First Aid kit, watertight and well-equipped,
must be available.
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Presenter
Presentation Notes
From the FWS safety policy 241 FW 6.11:
I. Fuel Storage. 
Store and transport gasoline and other fuels in approved safety cans. Unless specifically designed as a fuel tank for a generator, pump, or outboard motor, safety cans that meet OSHA standards are required (29 CFR 1926.152(a), 155(a), 155(l)). OSHA recognizes safety cans approved by testing laboratories as Factory Mutual (FM) or United Underwriters Laboratory (UL). We recommend that you use approved plastic containers with stainless steel fittings to reduce corrosion issues. Screw-cap type containers that do not meet safety standards are not permissible for such flammable liquids as gasoline. 

If rough transport could result in spillage from an approved safety can, then the team must use U.S. Department of Transportation (DOT)-compliant transport and dispensing safety cans. These are commonly referred to as DOT/OSHA cans and have filler caps you can lock down to avoid leaks during transport. You can also release the locking mechanism so that the container will function as a safety cap during fueling operations.  



Additional Equipment

Non-conductive
handle

Electrofishing dip-net


Presenter
Presentation Notes
Dip-nets come in various handle lengths (up to 12 feet), shapes, and mesh sizes.  Rounded shapes often are used in boats and wedge-shaped nets are used for backpack electrofishing.  Larger mesh sizes are more often used for boat electrofishing so that larger fish are more easily brought on board.

Metal handles set up the potential for shock to the netter.  Although it is better to discontinue use of such nets, one fix is to wrap the metal handle with electrical tape.  The team leader must inspect these wrapped handles on a regular basis to check for a breach in the taping.
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Presenter
Presentation Notes
A backpack electrofisher is electrically isolated from land, water, and the operator. Hence, the electrofisher is at a different electrical potential than its surroundings (which includes the sampling team). As opposed to a boat, the crew cannot surround themselves with equipotential surfaces. To prevent the likelihood of a discharge of electricity to you (a shock), always handle the controls with rubber gloves. This is particularly true if the housing face and/or the control knobs are metal.  If the operator and backpack surfaces are wet, there is an increased risk of shock to the operator.  Dry off.   If raining, cease electrofishing if the backpack and operator are not protected from rain in some manner.


Safety Features

LR-24

(other than circuit breakers, thermal sensors, fusible links)

Emergency stop switch

Internal tilt switch (forward 55-, side
45- backward 35- degrees)

Splash cover must
be latched

Immersion sensor

Audio alarm \_& | _“‘5/“ e chk-
1-4 beeps/sec e o ___' '_r_‘ release
depending upon - =y > ':j harness
average power & § ey
output Internal
Flashing red light anode
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Smith-Root


Presenter
Presentation Notes
Many backpack gear models incorporate many, if not all, of these safety features.

There usually is one safety switch on the handheld electrode pole.  Less often, an emergency stop switch is incorporated for the other crew members to operate.  Most units have audio alarms that indicate when power is on, particularly useful with otherwise silent battery-powered backpacks.  To make the electrofishing operation more obvious to the public or to inform crew members that are hearing impaired, some gear models have a flashing red light that indicates “power on”.

The purpose of tilt switches is to shutdown system power if the wearer is falling over.  Depending upon the direction of lean, the units allow greater or lesser tilt (more allowable lean forward than backward).  The unit won’t turn on again until the operator is upright and re-engages the handheld boom safety switch.  If the operator falls vertically down into the water, as may happen if suddenly stepping into a deep pocket of water, the immersion sensor becomes wet and the unit shuts down.

Some models have the anode out-of-water switch that turns the unit off when the hand-held electrode is lifted out of the water.  The purpose is to prevent accidental touching of the electrode to another crew member while the unit is energized.  This out-of-water switch, however, is not meant to be a safety backup for netted electrodes because the design can not be considered reliable for continued use in this fashion.


Shore-b

ased Electrofishing
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Presenter
Presentation Notes
The most dangerous electrofishing gear is when you use a high power system and wade in the field (as opposed to netting from the deck of a boat).  FWS safety policy requires that the generator is manned whether in a boat, a tow-barge, or on shore.

Same generator case neutral considerations as for generators in metal hull electrofishing boats.  In addition, ground the housing of the generator to earth.





Tow Barge Electrofishing
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If you need more power or sampling over a long distance,
then go with a tow barge system


Presenter
Presentation Notes
Some designs have anode cables in spring-loaded reels for easy handling of long cables.  The cathode is a plate on the bottom of the non-conductive hull.  Tow-barges must have a non-conductive hull.

Unless an isolation transformer is present or the control box and generator are a commercially-built matched pair, use a generator without a case neutral connection (“unbonded neutral”).  The same as you would for a boat.



Tow Barge Electrofishing

Junction box for anodes and
safety circuits
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Personal Protective Equipment: Proper "Clothing

Life jackets

TR

Type Il bulkier, has a “collar”,
and will turn most unconscious
people face-up in water Type Il


Presenter
Presentation Notes

There often is debate about clothing. It is a sensitive issue, particularly with hot weather. You are often balancing safety and comfort.

For PFD requirements, the USFWS safety policy adheres to the FWS watercraft safety guidelines (241 FW 1).  From that policy, PFD requirements for motorboats less than 26 feet in length: personnel must wear a Type I, II, III, or V PFD at all times while on board.

For examples of the various PFD types, see PFD Exhibit 241 FW 1.pdf  in the “Attachments” tab.


o Ln‘e Jacke’rs

Suspender-type PFDs self-inflate when become wet; a new trigger
mechanism is available that inflates the PFD when 30 cm of
water depth pressure is sensed


Presenter
Presentation Notes
PFD use for all electrofishing is required by the U.S. Geological Survey; however, suspender-type PFDs are allowed for use when backpack, tow-barge, or shore-based shocking.  This PFD type is lighter and less hot to wear.  Problems have occurred when the PFD inflated when splashed.  Water depth sensors for self-inflation may prevent or significantly reduce unnecessary inflation.

These PFDs also can be inflated by the wearer.

PFDs are not required by FWS for wadeable electrofishing.  If wading in streams that have rough topography with small areas that are over your head, you may want to consider using suspender-type PFDs that are activated by water pressure.


Waders

Boat crew members must wear, at a minimum,
rubber-soled boots or other boots rated for
electrical hazard protection

Waders are not electrically rated. However, the light-weight “breathable” waders may
not protect from shock when the water depth is above the knees and long pants are

not worn underneath waders. Breathable waders can only be worn using backpack
electrofishers.


Presenter
Presentation Notes
Breathable waders have protected against shock during backpack shocking when long pants are worn.  Using higher powered units, as tow-barge shocking, particularly when very high power is applied to the electrodes, may result in shock through this type of wader regardless of long pant underneath.

Boat electrofishing -Boat crew members must wear, at a minimum, rubber-soled boots or other boots rated for electrical hazard protection (e.g., those meeting standards in ASTM F2412-11, ASTM F2413-11, and ASTM F2892-11) 

Wadeable electrofishing- a minimum of hip waders but whether hip or chest waders is up to the crew.

Holes in boot - usually a small hole does not cause you to be shocked. A large hole can, however, particularly when your leg becomes wet. If you develop a small hole in your waders, your activities typically do not have to cease for fear of shock.






Waders

There is a commonly-held perception that when a person’s waders
fill with water, that person will sink. This is not true.

Drills for crew members falling into deep water wearing waders or
even “dummy” backpack units in a swimming pool supervised by a
lifeguard can alleviate misconceptions and increase the capacity of
crew members to get themselves out of unsafe situations.

If you are interested in an example of this type of training, see the
Wader Safety video in the Electrofishing Safety course.



Gloves

Leather over-gloves are designed to
be worn on linesman gloves

Rubber gloves

Linemans gloves not necessary. Good sturdy
synthetic rubber (e.g., neoprene) gloves
sufficient. See FWS policy. However, Class 0
linemans gloves (up to 1000 V) with leather
protectors may be a useful glove system.

Neoprene gloves


Presenter
Presentation Notes
Class 0 rubber insulating gloves cost from $60 and up.  OSHA guidelines for linemans gloves are daily testing for cuts and puncture holes and electrical testing every six months. Linemans gloves are meant for work in the dry on high power conductors, not for fisheries environments.

Linemans gloves also are meant to be worn as a glove system (rubber insulating gloves with outer leather protective gloves).  Leather protective gloves protect the rubber insulating glove from abrasions and punctures. Linemans gloves may be slick when wet, hence the protective glove may provide additional grip to compensate. Synthetic rubber gloves, made for handling solvents, are roughened or channeled and provide a better grip of wet objects.


Use of Gloves
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Very good practice to handle control box with rubber gloves


Presenter
Presentation Notes
Control boxes (and generators) generate their own charge and should be hard-wired to the hull or rowing frame.  Due to the high power levels within the control box, even with hard-wired continuity, it is a safe practice to handle the control box with gloves in case the hard-wire connection becomes broken without your knowledge.
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: Héaring Isro’recfiont

& e T
: ) b \\ i
% ' <
=3



Presenter
Presentation Notes
As stated earlier, by FWS policy, testing of electrofishing boat noise levels is required.

Good quality headphones can be effective in reducing sound levels.  Headphones for crew members that also are communication capable can be very helpful.






Equipment Checks

Do not start to dissemble pulsators
immediately after use due to shock potential
from the capacitors. Capacitors are made to
self-bleed off but check with manufacturer for
time required (typically 5 minutes). This also
means that the electrodes should be
unplugged before disassembly.


Presenter
Presentation Notes
Disconnect probes from power source prior to working on the electrodes.  Never handle electrodes with the generator running and electrodes connected to the control box.


General Oper'afrlons
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General Operations

— When handling electrodes, the power source
(generator) must be off; unplug the booms when
handling electrodes

— Handling electrodes with the power source on and
connected has resulted in significant injuries to crew
members

— Never handle electrodes with the generator running
and electrodes connected to the control box.



General Operations

Do not start to dissemble pulsators immediately after use
due to shock potential from the capacitors. Capacitors are
made to self-bleed off but check with manufacturer for
time required (typically 5 minutes). This also means that
the electrodes may be “hot” immediately after shut-down.



General Operations: Refueling

* Turn off all equipment before refueling the generator
and allow hot surfaces to cool. We recommend that
you fill all tanks before each operation to avoid the
potential for explosion or fire while refueling.

* Only refuel away from any open flame or flame-
generating device.

* Place portable fuel tanks on dock or pavement for
refueling. Do not refuel portable fuel containers on a
plastic surface (e.g., a plastic lined pick-up truck bed).



General Operations

Make sure all team
members know when the
power is on and off



Presenter
Presentation Notes
Coordinate start-up with the entire crew.


General Operations

Protect the public...

and yourself

Discontinue electrofishing if anyone outside of the
electrofishing team approaches within 30 feet (for backpack
operations) or 100 feet (for all other electrofishing operations).


Presenter
Presentation Notes
A field map of your gear could help with decisions regarding closest approach distance by bystanders or livestock.  You can use an audio-amplifier to detect extent of electricity in the water.


General Operations
Bad weather

Stop fishing during heavy rain or thunderstorms

If light rain/mist, can fish until all surfaces covered in an
unbroken sheen of water



Presenter
Presentation Notes
Weather: if thunder/lightning is in vicinity, get off the water. An electrofishing boat does not, due to its circuitry, draw lightning. Lightning strike to the boat can happen, but only because the boat is the high point on the water body.  Rain recommendation: if a continuous sheen of water develops over equipment, stop electrofishing.  Experiences from the Northwest have shown that shocks/voltage leaks do not occur until a continuous sheen of water is present.

Biologists in the Northwest United States often face long periods of light rain and mist.  A typical practice is to place rain gear over the backpack to keep the gear dry.  As long as there is not an unbroken sheen of water between the equipment and the wearer, electrofishing can continue.


General Operations

Boat hit by lightning:

Stop fishing during heavy rain or thunderstorms


Presenter
Presentation Notes
What more is there to say?


= General Operations

Large crews and/or the publlc What is the team Ieaders role?



Presenter
Presentation Notes
If the electrofishing crew is large (has plenty of help [maybe too much!]), supervisors should supervise only. She or he should resist temptation to actively collect data.


Boat-Specific Operations

* Due to the length of dip nets, pay special attention as you
swing around to transfer a fish after being netted to the
livewell.
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Presentation Notes
Think of your depth limitations and set a depth limit rule for safe operation.


Portable-Specific Operations

Picture 1



Presenter
Presentation Notes
Two of the most common reasons for crew members being shocked significantly is 

handling electrodes still plugged into the power source (either a battery or a running generator), and
not manning the power unit safety switches of shore-based or tow-barge electrofishing units.

Tow-barge models from commercial companies often have safety switches located on a stern push bar.  The barge operator uses the push bar to push the barge and if the operator falls in or sees an incident, s/he can rapidly let go of the safety switch thereby interrupting the power.

In the picture, the tow-barge operator should be pushing the tow-barge from the rear and not pulling the barge with a bow-line.
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Portable-Specific Operations

The controversial netted anode
Advantage is that the electrode

handler can net fish. May increase
sampling efficiency.
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Disadvantages are:

- can'’t clean electrode surface

-could accidentally engage a team
member into the circuit

-anode out-of-water switch may not
protect (30 mA threshold)

-two jobs for the electrode handler
-fish exposed to most intense part of
the field



Presenter
Presentation Notes
“Portable-Specific” means portable (non-boat) electrofishing techniques.

One job per person is recommended.  Accidents have occurred when protocols have used netted anodes (thus the anode handler has two jobs: anode handler and dip netter).

A typical reason cited for netting anodes is the opinion that electrofishing efficiency is increased.  That may be true, however, but no capture efficiency study has been undertaken to substantiate increased capture probabilities with netted anodes.

The FWS safety policy prohibits use of netted anodes except for sea lamprey ammocete sampling.


Portable-Specific Operations

A shock delivered by a netted anode could cause a crew
member to faII agalnst a hard surface and be injured

No gloves




General Operations

The job hazard analysis (JHA) for each site should
contain emergency instructions and documented routes
to medical facilities and made available to all team
members.

A one-page brief on standard operating procedure can be
beneficial and be easier to communicate than a JHA.

JHA examples and forms located in the Electrofishing
Safety class (CSP2202) materials


Presenter
Presentation Notes
Example job hazard analyses may be found in the “Attachments” tab.


A lot of stuff but always keep in
mind- we've come a long way



You have made It.
Congratulations!

* |f you would like to get a course
completion certificate for the
Electrofishing Safety course
(CSP2202), access the exam at the
course website.
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