Summary of Training Items for Level 1 Technicians

Safety Curriculum for Level 1 Technicians

	Training Item
	Installer
	Maintenance Tech
	Section Reference

	avoid standing water &/or clean it up, + general cleaning
	(
	(
	5.1, 5.8, 9.1.3.2,
and 9.3.1.1

	remove trip hazards, and ensure aisles are big enough
	(
	(
	5.1 and 8.1.7

	keep tops (or front near terminals) clear of metal objects
	(
	(
	5.1

	no smoking or flames near batteries
	(
	(
	5.1

	Ground battery racks/stands
	(
	
	5.1

	Proper fire extinguishers for battery fires
	(
	(
	5.1

	insulate other metal in vicinity of bus & terminals
	(
	(
	5.2, 5.4.1, and 9.2.5.2

	types of PPE clothing (including footwear), and care of it
	(
	(
	5.2, 9.2.5.2

	dust masks for protection if needed
	(
	(
	5.2

	using an insulated rescue hook
	(
	(
	5.2

	replacing eyewash bottles
	
	(
	5.2

	use of and inspection of acid-resistant  & insulating gloves
	(
	(
	5.2

	maintaining clean tools and hands
	(
	(
	5.2 and 9.1.3.2

	face shields and eye protection
	(
	(
	5.2, and 9.2.5.2

	acid splash aprons
	(
	(
	5.2, and 9.2.5.2

	non-conductive ladder use
	(
	(
	5.4.1, and 9.2.5.2

	no metallic jewelry, belt buckles, etc.
	(
	(
	5.4.1, and 9.2.5.2

	vinyl electrical tape use
	(
	(
	5.4.1, and 9.2.5.2

	using insulated tools and insulating non-insulated ones
	(
	(
	5.4.1, 5.4.2, 9.1.3.1

	dangers from short-circuit capability of battery cells
	(
	(
	5.4.2, and 9.2.5.2

	lockout/tagout introduction
	(
	(
	5.5.1 and 8.1.4

	knowledge that battery terminals are always energized
	(
	(
	5.5.2, and 9.2.5.2

	getting rid of ESD before working on batteries
	(
	(
	5.6

	minimum ventilation for battery areas
	(
	(
	5.7

	minimum permanent lighting, flashlights, & portable light
	(
	(
	5.8

	removing flammable materials from the work area
	(
	(
	5.8

	proper hoisting for batteries due to weight
	(
	
	5.9, and 9.2.3.1

	ensuring the batteries’ location can support their weight
	(
	
	5.9

	protecting the transport path floor from battery weight
	(
	
	5.9

	awareness of hazards from batteries in a fire
	(
	(
	5.10

	awareness of site emergency contacts (including medical)
	(
	(
	5.10 & 5.12

	following the instructions of posted safety signs
	(
	(
	5.11

	First Aid procedures for common battery injuries
	(
	(
	5.12

	safety concern on grounded & ungrounded systems
	(
	(
	6.7


 Math, Battery Basics, and Documentation Curriculum for Level 1 Technicians

	Training Item
	Installer
	Maintenance Tech
	Section Reference

	basic electrical, chemical, and battery terms 
	(
	(
	6.1

	elementary math skills
	(
	(
	6.3.1

	basic series circuits and requirements for a complete circuit
	(
	(
	6.4

	float charging and float applications, and introduction to equalization
	(
	(
	6.5.2.2, 7.2.3, 7.5.1, 7.6.2

	basic circuit breaker usage (including in battery disconnects)
	(
	(
	6.6

	differentiating between grounded and ungrounded systems
	(
	(
	6.7, 9.1.3.3.5, 9.2.2.5

	differences between primary and secondary batteries
	(
	(
	7.1

	effects of over and under charging
	(
	(
	7.5.1, 7.6.2

	difference between terminal and charger voltage 
	(
	(
	7.6.1

	proper individual cell voltages
	(
	(
	7.6.1

	effects of charging outside manufacturer’s limits
	(
	(
	7.6.1

	reading manufacturer manuals
	(
	(
	8.2, 8.4, 9.1.3.1

	battery string diagrams
	(
	(
	8.3.2.1

	general floor layout drawings and using a tape measure 
	(
	
	8.3.3, 9.2.2.4

	initial charge records
	(
	(
	8.4

	taking voltage readings and recording them
	(
	(
	8.4

	familiarity with SOWs, MOPs, etc.
	(
	
	8.5


Additional Curriculum for Level 1 Technicians

	Training Item
	Installer
	Maintenance Tech
	Section Reference

	informing remote alarm centers before working
	(
	(
	9.1.1

	replacing insulating covers
	(
	(
	9.1.1

	care in handling of tops of battery seal areas
	(
	(
	9.1.1

	positive ground vs. negative ground vs. ungrounded systems
	(
	(
	9.1.2

	positive to negative connections in series strings
	(
	
	9.1.2, 9.2.3.4

	application and use of a multimeter (including ac vs. dc)
	(
	(
	9.1.3.1, 9.2.2.4
and 9.2.2.5

	using torque wrenches (including understanding common units and conversion factors)
	(
	(
	9.1.3.1, 9.1.4.4, 9.2.2.4

	zeroing a meter before use
	(
	(
	9.1.3.1

	caring for tools and test sets
	(
	(
	9.1.3.2

	keeping records on site
	
	(
	9.1.3.3.6, 9.3.7

	Types of connection hardware
	(
	
	9.1.4.1

	properly cleaning connections
	(
	(
	9.1.4.2, 9.3.1.4

	anti-oxidant application
	(
	(
	9.1.4.3, 9.2.3.4 and 9.3.2.2

	Checking for shipment damage and proper quantities
	(
	
	9.2.1.1

	basic components of flooded cell racks/stands
	(
	
	9.2.2.1

	relay rack trays and tie-downs for front-term monoblocks
	(
	
	9.2.2.1, 9.2.2.2

	differences in number and type of anchors for seismic racks
	(
	
	9.2.2.2

	checking to ensure all material received
	(
	
	9.2.2.4

	using a standard or insulated socket set to install stands
	(
	
	9.2.2.4

	using a level and shims when installing racks/stands
	(
	
	9.2.2.4, 9.3.1.7

	running (but not terminating) and labeling conductors
	(
	
	9.2.2.5, 10.3

	approved and unapproved lubricants for sliding or cleaning
	(
	(
	9.2.3.2

	proper spacing of batteries on a rack and proper orientation
	(
	
	9.2.3.3, 9.2.3.4

	placement of neutralizing/absorbing pillows where required
	(
	
	9.2.4.2

	balancing electrolyte levels prior to and after initial charge
	(
	
	9.2.5.1

	looking for leaks
	(
	(
	9.3.1.1

	proper bracing and anchoring of  stands/racks
	(
	
	9.3.1.7

	use of shipping caps and plugs
	(
	
	9.3.1.2, 11.1

	proper cleaning materials for battery jars
	(
	(
	9.3.2.1

	proper and improper water for batteries, and over/underfilling
	(
	(
	9.3.3

	basics of ohmic measurement
	
	(
	9.3.4

	why to bypass/replace single cells and the hazards
	(
	(
	9.3.6.2

	Voltage ratings of cabling
	(
	
	10.1

	standard wire sizes and ampacity ratings
	(
	(
	10.1 and 10.2

	stress on cable posts and bend radius
	(
	
	10.3, and 10.4

	running and securing cable in various types of raceway
	(
	
	10.4

	segregation of power and monitoring leads
	(
	
	10.4

	protecting cables from coldflow and abrasion/impingement
	(
	
	10.4

	legal ramifications of improper battery disposal
	(
	(
	11.1


Summary of Training Items for Level 2 Technicians

Safety, Math, and Circuit Curriculum for Level 2 Technicians

	Training Item
	Installer
	Maint. Tech
	Section Reference

	arc flash boundaries marked, if applicable
	(
	(
	5.1

	placement and use of on-site spill kits
	(
	(
	5.2 and 5.12

	maintenance of eyewash showers or portable large containers
	
	(
	5.2

	testing electrical insulating gloves and insulating material
	(
	(
	5.2

	what level of clothing to use and how to care for it
	(
	(
	5.2

	dangers of various voltage levels & using tools rated for it
	(
	(
	5.3.1, 5.4.1

	temporary insulation of metalwork & electronics for hot work
	(
	(
	5.4.1

	fire retardancy of insulating materials
	(
	(
	5.4.1

	proper application and use of electrical tapes
	(
	(
	5.4.1

	looking for hazards caused by tool movement or dropping
	(
	(
	5.4.2

	use of brass tools (non-sparking)
	(
	(
	5.4.2

	specific company step-by-step lockout-tagout procedures
	(
	(
	5.5.1

	thermal runaway gassing and causes
	(
	(
	5.7, 7.4.3.1, 7.4.3.3

	minimum egress aisle widths
	(
	
	5.8

	use only Class C fire extinguishers on battery fires
	(
	(
	5.10

	CPR and defribillator devices
	(
	(
	5.12

	basic electrical, chemical, and battery terms
	(
	(
	6.1

	basic electrical components and their use in dc systems
	(
	(
	6.2

	overcurrent protection
	(
	
	6.2, 6.6, 8.1.3

	exponents and basic algebra
	(
	(
	6.3.1

	rounding and significant digits
	(
	(
	6.3.1

	basic numerical multiplier prefixes
	(
	(
	6.3.1

	basic computer literacy
	(
	(
	6.3.1

	Ohm’s Law
	(
	(
	6.3.2

	dc power formulae
	(
	(
	6.3.2

	relation between s.g. and open circuit and charge voltages
	(
	(
	6.3.2

	parallel and series-parallel circuits
	(
	(
	6.4, and 9.3.5

	single and three-phase ac Voltages
	(
	(
	6.5.1

	rectifier control methodologies
	(
	(
	6.5.1

	temperature-compensated charging
	(
	(
	6.5.2.2

	filtering of ripple
	
	(
	6.5.2.2

	equalizing
	
	(
	6.5.2.2, 7.5.1

	ripple filtering provided by the battery
	(
	(
	6.5.3.2

	slow-blow and fast-acting fuses
	(
	(
	6.6

	using battery disconnects for protection
	(
	(
	6.6

	shunt trip and under-voltage relay breakers and contacts
	(
	(
	6.6

	sectionalizing higher voltage strings
	(
	(
	6.6

	operating circuit protection devices
	(
	(
	6.6

	alarm indications from circuit protection devices
	(
	(
	6.6

	ac vs. dc component ratings
	(
	(
	6.6

	testing techniques to determine if a system is grounded
	(
	(
	6.7, 9.1.3.1

	differences between grounded and grounding conductors
	(
	
	6.7

	condition of the flame arrestor, vents, and seals
	(
	(
	9.3.1.1, and 9.3.1.2


Battery Tutorial Curriculum for Level 2 Technicians

	Training Item
	Installer
	Maintenance Tech
	Section Reference

	common uses of lead-selenium batteries
	(
	
	7.2.1

	differences between lead plate technologies
	(
	
	7.2.1, 7.3.1

	the basics of VRLA batteries
	(
	(
	7.2.1, 7.3.1

	floating batteries
	(
	(
	7.2.3

	cycling regimes
	(
	(
	7.2.3

	long-duration discharge and high-rate battery differences
	(
	
	7.2.3, 7.3.1

	uses of general purpose batteries
	(
	
	7.2.3

	pros, cons and attributes of casing materials used in batteries
	(
	(
	7.3.1

	jar-to-cover & post seals (including post types/construction)
	(
	(
	7.3.1

	plate compression for VRLA batteries
	
	(
	7.3.1, 7.4.3.3

	the purpose of plate supports in battery construction
	(
	(
	7.3.1

	sample tubes
	(
	(
	7.3.1

	single cell jars vs. monoblocks
	(
	(
	7.3.1

	flame arrestors and watering tubes and their dust caps
	(
	(
	7.3.1, 9.3.1.2

	electrolyte level lines
	(
	(
	7.3.1

	shipping caps
	(
	
	7.3.1

	differences in specific gravities (including Ni-Cd specifics) and the effect on float voltage
	(
	(
	7.3.1, 7.6.3,
and 9.2.6.1

	proper water to use in batteries
	(
	(
	7.3.1

	proper intercell connections
	(
	(
	7.3.1

	rack, shelf, and cabinet construction (including seismic)
	(
	
	7.3.1

	post types
	(
	
	7.3.1

	proper plate colors
	(
	(
	7.3.1

	aging (grid corrosion/growth) and temperature’s effect on it
	(
	(
	7.4.1, 7.4.3.1, 7.4.3.3, 7.5.1

	cracking/crazing, and leaks
	(
	(
	7.4.2, 9.3.1.5, and 9.3.1.1

	overcharging
	(
	(
	7.4.2

	mishandling, abuse, and misapplication
	(
	(
	7.4.2

	jar-to-cover and post-seal leaks
	(
	(
	7.4.2, 9.3.1.1

	shelf life and freshening charges
	(
	(
	7.4.2, 7.5.1

	undercharging leading to sulfation
	
	(
	7.4.2

	basic charging and discharging (including discharge rates)
	
	(
	7.5.1

	available cycles for various battery types
	(
	(
	7.5.1

	cell end voltages
	(
	(
	7.5.1

	initial charging
	(
	
	7.5.1, 9.2.5.3

	basic chemistry of lead-acid and Ni-Cd batteries
	(
	(
	7.5.1, G

	coup de fouet
	(
	(
	7.5.2

	understanding open circuit voltage
	(
	(
	7.6.1

	end-of-discharge voltage and MVPC
	
	(
	7.6.1

	proper equalizing voltages
	
	(
	7.6.1

	relationship between voltage/s.g. and state-of-charge
	(
	(
	7.6.1

	threshold settings for high and low voltage alarms/relays
	(
	(
	7.6.2


Documentation and Tool Curriculum for Level 2 Technicians

	Training Item
	Installer
	Maintenance Tech
	Section Reference

	permanent spill containment systems
	(
	
	8.1.2, 8.1.8.3, 9.2.2.4,

9.2.4.1, 9.2.4.2

	ensure grounded metal racks/stands where applicable
	(
	(
	8.1.3

	ampacity
	(
	(
	8.1.3

	NEC Article 480 (where the NEC applies)
	(
	
	8.1.3

	IEEE VRLA installation and maintenance documents
	(
	(
	8.1.8.3

	IEEE flooded installation and maintenance documents
	(
	(
	8.1.8.3

	record keeping for warranty purposes
	(
	(
	8.2 and 9.3.7

	wiring/connection diagrams for batteries, rectifiers, & loads
	(
	(
	8.3.2.1

	battery disconnect and circuit protection drawings
	(
	
	8.3.2.1

	common electrical symbols
	(
	(
	8.3.2.2

	rack/stand assembly and structural detail drawings
	(
	
	8.3.3

	torque values on drawings
	(
	(
	8.3.3

	identifying proper materials on drawings
	(
	
	8.3.3

	acquiring and reading manufacturer catalog data sheets
	(
	(
	8.4

	as-built drawings
	(
	
	8.4

	acceptance test records
	(
	(
	8.4

	keeping discharge and ohmic test data and trending it
	
	(
	8.4, 9.1.3.3.6, 9.1.5.2

	taking & recording temperature readings with thermometers
	(
	(
	8.4, 9.1.3.1

	document distribution
	(
	
	8.4

	document retention requirements
	(
	(
	8.4

	pre-job meetings and walk-throughs
	(
	
	8.5

	use of dc clamp-on ammeters
	(
	(
	9.1.3.1

	ohmic test set usage (baseline readings & interpretation)
	(
	(
	9.1.3.1, 9.1.5.2, 9.3.4

	use of non-sparking brass tools
	(
	(
	9.1.3.1

	using adjustable portable chargers
	(
	(
	9.1.3.1

	Voltage ratings of meters and their test leads
	(
	(
	9.1.3.1

	shunts
	(
	(
	9.1.3.1

	check test sets for proper operation prior to use
	(
	(
	9.1.3.2

	training on all types of test sets that will be used
	(
	(
	9.1.3.2

	performing off-line and on-line testing
	(
	(
	9.1.3.3.2

	steady-state loads for accurate capacity testing
	(
	(
	9.1.3.3.2, 9.1.3.3.4

	proper current monitoring during on-line testing
	
	(
	9.1.3.3.2

	usefulness (or lack thereof) of float temperature readings
	
	(
	9.1.3.3.3

	manual touch temperature
	(
	(
	9.1.3.3.3

	battery connector requirements
	(
	
	9.1.4.1

	damage from over or under torquing
	(
	(
	9.1.4.4

	maintenance retorque values
	
	(
	9.1.4.4

	pros and cons of automated monitoring systems
	(
	(
	9.1.5.1

	possible measurement parameters of battery monitors
	(
	(
	9.1.5.2

	filing claims for shipping damage or incorrect quantities
	(
	
	9.2.1.1

	basic signs to be posted for a new battery installation
	(
	
	9.2.9, 9.3.1.7

	retaining records on batteries that have been sent away
	
	(
	11.1


Installation and Maintenance Curriculum for Level 2 Technicians

	Training Item
	Installer
	Maint.

Tech
	Section Reference

	proper storage of batteries
	(
	
	9.2.1.2

	types of flooded battery racks/stands, including seismic
	(
	
	9.2.2.1 and 9.2.2

	modular racks (including seismic) for 2 V VRLA batteries
	(
	
	9.2.2.1, 9.2.2.2

	typical battery tray sizes and the types of racks they fit
	(
	
	9.2.2.1

	mounting options for batteries in indoor or outdoor cabinets
	(
	(
	9.2.2.1

	considerations for battery rack/stand placement
	(
	
	9.2.2.3

	use of drills (including floor drills for anchoring)
	(
	
	9.2.2.4

	installing and torquing support rails and shelving
	(
	
	9.2.2.4, 9.2.3.3

	placing cells on an installed rack using the proper material
	(
	
	9.2.2.4, 9.2.3.2, 9.2.3.4

	properly grounding a metallic battery rack/stand or tray
	(
	
	9.2.2.4, 9.2.2.5, and 9.3.1.7

	adding lugs to cable ends
	(
	
	9.2.2.5

	inspecting hoists prior to use
	(
	
	9.2.3.1

	use of a sling and/or spreader plate for moving batteries
	(
	
	9.2.3.1

	proper washer orientation and placement
	(
	(
	9.2.3.4

	final torque of an installation
	(
	
	9.2.3.4

	proper materials & absorbing vs. neutralizing vs. no pillows
	(
	(
	9.2.4.2

	ramps for room or zone containment
	(
	
	9.2.4.4

	initial charging and freshening charge
	(
	
	9.2.5.1

	adequate ventilation during heavy charging
	(
	(
	9.2.5.2

	connecting batteries to the bus through a disconnect
	(
	(
	9.2.6.1

	ensuring proper setup of the charging system after install
	(
	(
	9.2.7

	safety while installing battery monitoring leads
	(
	
	9.2.8

	proper connecting materials for battery monitors
	(
	
	9.2.8

	below the cover inspections of posts on clear jars
	
	(
	9.3.1.3

	looking for crystals in clear flooded jars on the positives
	
	(
	9.3.1.5

	recognizing sulfation and improper plate colors
	(
	(
	9.3.1.5

	excessive plate deformation and poor separators
	
	(
	9.3.1.5

	recognizing excessive flaking and sediment buildup
	
	(
	9.3.1.5, and 9.3.1.6

	inspecting racks/stands and trays for structural soundness
	
	(
	9.3.1.7


	ensuring proper clearances of stands from other objects
	(
	
	9.3.1.7

	cleaning solutions for Ni-Cd batteries
	(
	(
	9.3.2.1

	cleaning corrosion from connections
	
	(
	9.3.2.2

	properly filtered water, & dangers of low water & overfill
	
	(
	9.3.3

	impact of paralleled strings on ohmic measurements
	(
	(
	9.3.5

	single-cell charging
	
	(
	9.3.6.1

	how to bypass single cells and replace them
	(
	(
	9.3.6.2

	trending and analysis of maintenance records
	
	(
	9.3.7

	reasons to use tinned wire, and using Listed wire
	(
	
	10.1

	wire color codes & labeling, and the need to test for polarity
	(
	(
	10.1, and 10.4

	cable bend radii, term plates, and stress on battery posts
	(
	
	10.3

	cable running in concealed spaces (floors and ceilings)
	(
	
	10.4

	routing grounding cables and avoiding chokes
	(
	
	10.4

	firestopping cable holes
	(
	
	10.4

	when to use flexible cable
	(
	
	10.4

	segregation of ac and dc cables
	(
	(
	10.4

	packing and shipping used batteries to a recycling center
	(
	(
	11.1


Summary of Training Items for Level 3 Technicians

Safety, Math, and Circuit Curriculum for Level 3 Technicians

	Training Item
	Installer
	Maintenance Tech
	Section Reference

	disconnect switches for PV arrays
	(
	(
	5.3.3

	ensuring insulating material & ladders are rated and tested
	(
	(
	5.4.1

	use of stand-offs when insulating nearby metal & electronics
	(
	(
	5.4.1

	tool dipping
	(
	(
	5.4.2

	hot work (on energized systems)
	(
	(
	5.5.2, 9.2.6.2

	proper arc flash protection distances
	(
	(
	5.8

	proper materials for permanent fire suppression systems
	(
	
	5.10

	control of HazMat during a fire
	(
	(
	5.10

	battery disconnects and EPOs
	(
	(
	5.10, 8.1.3

	basic electrical, chemical, and battery terms
	(
	(
	6.1

	resistor ratings
	(
	(
	6.2

	semiconductors and their use in dc systems
	(
	(
	6.2

	pre-charging capacitors when needed and avoiding shock
	(
	(
	6.2

	magnetic fields and induction
	(
	(
	6.2

	fuse coordination
	(
	(
	6.2

	graphing, including logarithmic scales
	(
	(
	6.3.1

	ac power formulae
	(
	(
	6.3.2

	concept of power efficiency and formula
	(
	(
	6.3.2

	Hydrogen evolution formula
	(
	(
	6.3.2

	relating short circuit currents and internal cell resistances
	(
	(
	6.3.2, 9.3.4

	RC circuits
	(
	(
	6.4

	ac input to rectifiers
	(
	(
	6.5.1

	transformers
	(
	(
	6.5.1

	rectification circuits and charger types
	(
	(
	6.5.1, 7.5.1

	controlling output ripple in rectifier design
	(
	(
	6.5.1, 6.5.3.1

	charging and use in cycling applications
	(
	(
	6.5.2.2, 7.2.3

	differences in circuit breaker types
	(
	(
	6.6

	auxiliary contacts on breakers
	(
	(
	6.6

	theory of operation and construction of circuit protectors
	(
	(
	6.6 and 8.1.3

	sizing circuit protection devices, and I-t curves
	(
	
	6.6

	repair and replacement of circuit protection devices
	
	(
	6.6

	k.A.I.C ratings
	(
	
	6.6

	pros and cons of fuses vs. breakers vs. switches
	(
	(
	6.6

	using dc-rated components in dc circuits
	(
	(
	6.6, 9.1.3.3.4

	typical grounded and ungrounded systems and why
	(
	(
	6.7


Battery Tutorial Curriculum for Level 3 Technicians

	Training Item
	Installer
	Maintenance Tech
	Section Reference

	catalysts (VRLA and selenium) and plate depolarization
	(
	
	7.3.1, 7.4.3.4

	tubular and pasted plates
	(
	
	7.3.1

	Ni-Cd sintered, pocket, fiber, and PBE plates
	(
	
	7.3.1

	high antimony vs. selenium designs and antimony poisoning
	(
	(
	7.3.1, 7.4.3.2

	internal straps in batteries
	
	(
	7.3.1

	element assembly in the battery
	(
	
	7.3.1

	factory charge and/or fill vs. field charge and/or fill
	(
	
	7.3.2

	cell reversal
	
	(
	7.4.2

	excessive cycling of non-cycling batteries
	(
	(
	7.4.2

	manufacturing defects
	(
	(
	7.4.2

	internal shorts (including separator failure)
	(
	(
	7.4.2

	internal strap failure
	(
	(
	7.4.3.1

	dryout in VRLA batteries
	
	(
	7.4.3.4

	valve failure in VRLA batteries
	
	(
	7.4.3.4

	loose connections or empty Ni-Cd cells
	(
	(
	7.4.4

	effects of specific gravity
	(
	(
	7.5.1

	the effects of charge history
	
	(
	7.5.1

	rate-adjusted and time-adjusted discharge tests
	(
	(
	7.5.1

	discharge curves (include rate/SOC effect on coup de fouet)
	(
	(
	7.5.2

	Voltage recovery vs. charge rate and charge efficiency
	
	(
	7.5.2, 7.5.3

	rate tables, fan curves, and S curves
	(
	(
	7.5.2, 9.1.3.3.1

	Effect of varying loads on batteries during discharge
	
	(
	7.5.2

	purposeful undercharging and the need for equalizing
	
	(
	7.5.3

	effects of different applied voltages
	
	(
	7.6.1

	relationship between s.g. and open-circuit Voltage
	(
	
	7.6.1

	operation and settings of LVDs
	(
	(
	7.6.2


Documentation Curriculum for Level 3 Technicians

	Training Item
	Installer
	Maintenance Tech
	Section Reference

	Fire Code Articles governing batteries
	(
	
	8.1.2, 9.2.4.1

	HazMat handling
	(
	(
	8.1.5

	battery transport regulations
	(
	
	8.1.6

	seismic design requirements of the Building Codes
	(
	
	8.1.7, 9.2.2.2

	load growth driving battery needs and initial sizing
	(
	(
	8.1.8.1

	IEEE document on UPS batteries
	(
	(
	8.1.8.3

	IEEE document on VRLA selection
	(
	
	8.1.8.3

	IEEE document on battery monitoring systems
	(
	(
	8.1.8.3

	following the drawings
	(
	
	8.3.1

	meter and control circuit drawings
	(
	(
	8.3.2.1

	drawings for switch circuits and backup systems
	(
	(
	8.3.2.1

	differences in drawing symbols
	(
	(
	8.3.2.2

	looking up information and filling out warranty forms
	(
	(
	8.4

	“change drawings”
	(
	
	8.4

	taking specific gravity readings and recording them
	(
	(
	8.4, 9.1.3.1

	producing SOWs, MOPs, etc.
	(
	(
	8.5

	which items to track on maintenance record forms
	
	(
	9.3.7


Table F.11 — Additional Curriculum for Level 3 Technicians

	Training Item
	Installer
	Maintenance Tech
	Section Reference

	Voltage matching for hot cuts and overall polarity matching
	(
	(
	9.1.2, 9.2.6.2

	micro- and meg-ohmmeters and their use
	(
	(
	9.1.3.1, 9.1.4.5,

and 9.2.3.4

	ac clamp-on ammeters
	(
	(
	9.1.3.1

	use of thermistors, thermocouples, and infrared guns
	(
	(
	9.1.3.1, .3.3.3

	using a load bank properly
	(
	(
	9.1.3.1, 9.1.3.3.2,

and 9.1.3.3.3

	using dataloggers
	(
	(
	9.1.3.1

	meter resolution, precision, and accuracy
	(
	(
	9.1.3.1

	analog vs digital meters
	
	(
	9.1.3.1

	retaking abnormal readings
	(
	(
	9.1.3.1

	temperature correction factors for test set readings
	(
	(
	9.1.3.1

	sending test sets in for calibration (if needed)
	(
	(
	9.1.3.2

	supplying backup power during off-line testing (if needed)
	
	(
	9.1.3.3.2

	checking for grounds on ungrounded systems before testing
	(
	(
	9.1.3.3.5

	installation and operation of battery monitors
	(
	(
	9.1.5.1, 9.2.8

	analysis of data gathered by a battery monitor
	
	(
	9.1.5.2

	spill containment Codes and overall spill management
	(
	(
	9.2.4.1

	series-parallel arrangements of VRLA batteries in a string
	(
	(
	9.2.2.1, 9.3.5

	limitations on location and configuration of seismic racks
	(
	
	9.2.2.2

	spacing template for cell placement
	(
	
	9.2.3.3

	liquid-tight integrity of spill containment systems
	(
	(
	9.2.4.2, 9.2.4.4, 

and 9.2.4.6

	Voltage drop considerations and calculations
	(
	
	9.2.6.1, 10.2

	special considerations for connecting unfused cable
	(
	(
	9.2.6.1

	ensuring proper ventilation prior to hot cuts
	(
	
	9.2.6.1

	Adding new battery strings to the monitor/control systems
	(
	(
	9.2.6.1

	performing the acceptance test
	(
	(
	9.2.7

	backup disks and internal backup batteries in monitors
	
	(
	9.2.8

	calibration, and test and acceptance of battery monitors
	(
	(
	9.2.8

	initial baseline values & baseline values from manufacturers
	
	
	9.1.5.2

	types of post corrosion
	
	(
	9.3.1.3

	inspecting posts for stress caused by cabling
	(
	(
	9.3.1.3

	recognizing hydration
	
	(
	9.3.1.5

	ground faults due to leaks
	(
	(
	9.3.1.1

	strategies to follow when single-cell charging doesn’t fix it
	
	(
	9.3.6.1

	exception for cable ampacity below protector size
	(
	
	10.2

	choosing the correct ampacity rating for the wire
	(
	
	10.2

	temperature ratings/de-ratings of conductors/terminations 
	(
	
	10.2

	busbar ampacity ratings
	(
	(
	10.2

	avoiding excessive cable pileup and overloaded raceway
	(
	
	10.3, and 10.4

	special recycling requirements for heavy metals 
	(
	(
	11.1

	packing leaking batteries
	(
	
	11.1

	documentation to ship with batteries to the recycler
	(
	
	11.1


Specialized Knowledge

There are items that are industry specific, so the general battery technician does not need training on them.  The items listed in the following table are generally for Level 3 technicians if they are going to work on specific applications that need these areas of knowledge.

Items of Specialized Safety, Circuit, and Battery Design Knowledge

	Training Item
	Installer
	Maintenance Tech
	Section Reference

	dangers from UPS without isolation transformers
	(
	(
	5.3.2 and 6.7

	open circuit voltages of PV arrays
	(
	(
	5.3.3

	PV electrical Code standards
	(
	
	5.3.3, 8.1.3

	hot installation work on PV systems
	(
	
	5.3.3

	PPE for fighting battery fires
	(
	(
	5.10

	proper safety signs required by Codes and Standards
	(
	(
	5.11

	First Aid in confined spaces
	(
	(
	5.12

	specialized electrical, chemical, and battery terms
	(
	(
	6.1

	varying rectifier output voltage due to ac input variation
	
	(
	6.5.1

	power factor
	(
	
	6.5.1

	details on the four basic types of rectifiers
	(
	(
	6.5.2.1

	constant current charging
	(
	(
	6.5.2.2, 7.5.1

	alternative energy systems
	(
	(
	6.5.2.2, 8.1.8.3

	differences in output ripple filtering by industry
	(
	(
	6.5.3.1

	semiconductor fuses
	(
	(
	6.6

	details on battery disconnects in an EPO system
	(
	
	6.6

	permanent ground detect systems for ungrounded systems
	(
	(
	6.7, 9.1.3.1

	basics of Li-ion, Ni-MH or other newer battery technologies
	(
	(
	7.1 and 7.2.2

	Planté plates and cylindrically wound pure lead plates
	(
	
	7.3.1

	separator materials and retainers
	(
	(
	7.3.1

	effects of excessive vibration
	(
	
	7.4.2

	internal opens in a cell
	(
	(
	7.4.3.1

	extreme cold temperatures
	(
	(
	7.4.3.1

	poor recombination in VRLA batteries
	
	(
	7.4.3.4

	cell explosions due to lightning strikes & improper grounds
	(
	(
	7.4.3.4

	Ni-Cd minimum capacity
	
	(
	7.4.4

	troubleshooting poor Ni-Cd performance
	
	(
	7.4.4

	ground faults in Ni-Cd systems
	(
	(
	7.4.4

	two-step charging
	
	(
	7.5.1

	partial charging
	(
	(
	7.5.1

	cycling tests
	(
	(
	7.5.1

	proper charge voltage less important in Ni-Cd batteries
	
	(
	7.5.1

	deliberate undercharging of VRLAs in PV systems
	
	(
	7.5.1

	manufacturer proprietary cell selection software
	(
	
	7.5.2

	Tafel curves
	
	(
	7.5.3

	How charging helps establish the potential (voltage) in the cell
	(
	(
	7.5.3, 7.6.1

	polarization of the plates
	
	(
	7.6.1


Additional Items of Specialized Knowledge

	Training Item
	Installer
	Maintenance Tech
	Section Reference

	ventilation calculations
	(
	
	8.1.8.3

	Emergency and Standby systems
	(
	
	8.1.3

	NETA standards for electrical testing and dc systems
	(
	(
	8.1.8.2

	qualifying batteries for nuclear generating stations
	(
	(
	8.1.8.3

	IEEE documents for lead-acid batteries in PV systems
	(
	(
	8.1.8.3

	DC systems for utility generation plants
	(
	(
	8.1.8.3

	IEEE Ni-Cd sizing and installation/maintenance documents
	(
	(
	8.1.8.3

	legally required record keeping
	(
	(
	8.4

	high resolution (low amperage) dc clamp-on ammeters
	
	(
	9.1.3.1

	infrared thermography
	
	(
	9.1.3.1, 9.1.3.3.3

	using oscilloscopes for battery problems
	
	(
	9.1.3.1

	use of a carbon pile or pot as a load
	(
	(
	9.1.3.1

	use of a recharge module
	
	(
	9.1.3.1

	installation and programming of specific battery monitors
	(
	
	9.1.5.1

	how to install spill containment systems and seal the floor
	(
	
	9.2.4.1, 9.2.4.2,
and 9.2.4.4

	rack-integrated containment
	(
	(
	9.2.4.3

	piped drainage containment
	(
	(
	9.2.4.5

	watering VRLA batteries
	
	(
	9.3.3

	cotton braid sheathing for telecom cables
	(
	
	10.1

	toxic compounds released by cable insulations in a fire
	(
	(
	10.1

	TC-rated cable for “IT” raised floors
	(
	(
	10.1

	industry-specific voltage drop criteria
	(
	
	10.2

	pairing vs. separating hot and return leads
	(
	
	10.4

	segregating “fused” and “unfused” cables
	(
	
	10.4

	bend radius and directional rules for grounding cables
	(
	
	10.4

	industry-specific tying of cables to raceway & each other
	(
	
	10.4

	running cable in a classified/hazardous environment
	(
	
	10.4

	identifying the appropriate recycling center
	(
	(
	11.1

	special packing methods for special batteries
	(
	
	11.1

	insurance and liability requirements for transporters
	(
	
	11.1

	Ni-Cd battery recycling
	(
	(
	11.2

















