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APPENDIX A

CATEGORIES OF ELECTRICAL HAZARDS

There are three general categories of eledrical hazards:eledricd shak, arc-flash,and arc-
blast.

Eledric Shock

Approximately 30,000nonfatal electricd shack acddents occur each year. TheNational

Safety Council estimates that about1000fataliti es eat year are due to eledrocution, more

than half of them whil e servicing energized systems of lessthan 600volts.
Eledrocutionisthefourth leading causeof indugrial fataliti es, after traffic, homicide, and
congructionaccidents. Thecurrent required to lighta 7 watt,i420volt lamp, if passed across
thechest, is enoughto causea fatality (approximatelyl00mA) The mostdamaging paths
through the body are through thelungs, heart, and brain. 200mAmps at 120volt on the
human body hand to hand is approximately 1000 ohms. This is enough current to put the
heart into ventricular fibrillation and without mrediate medical intervention, the patient
will die. Ventricular fibrillation means the heart will not pump sufficient blood to support
life.

Arc-Flash

When an eledric current passes through air between ungrounded condictors or between
ungrounded conductors and grounded conaductors, thetemperaures can reach 10,000F.
Exposueto theseextreme temperaures both burns theskin diredly and causesignition of
clothing, which addsto theburn injury. Themajority of hosptal admissonsdueto eledrical
accidents are from arcflashburns,notfrom shacks. Each year more than 2000 ople are
admitted to burn centerswith severe arc-flashburns. Arc-flashes can and dokil | at distances
of 3m (10ft). Incidentally, the surface temperature of thesuapproxmately 9,900
degrees F.

Arc-Blast

Thetremendoustemperatures of thearc causethe explosve expansonof both the
suroundngair andthemetal in thearc path. For example, copper expands by a factor of
67,000timeswhen it turnsfromasdid to avapor. Thedanger assaiated with this expansgon
isoneof high pressues, sound,and shrapnel. The high pressures can easily exceal hundeds
or even thousndsof poundsper square foot, knockingworkers off ladders, rupturing
eardrums, and coll apanglungs. Thesoundsassaiated with these pessues can exceal 160
dB. Finaly, material and molten metal is expelled away fromthearc at speedsexceealing
1600km/hr (700 mph), fastenough for shrapnel to completely penetrate the human body.

Pagel of 21



UpdatedOctober 2016

APPENDIX B

NFPA 70E

A PRINTED COPY HAS BEEN ISSUED TO EACH EMPLOYEE
ATTENDING THE TRAINING COURSE
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APPENDIX C

JOB BRIEFING CHECKLIST

IDENTIFY

O Thehazads

O Thevoltage levelsinvolved

O Skill srequired

O Any i dreign gsecondary) voltage source

O Any unusua work condtions

O Number of people needed to dothejob

O Theshock protection boundaries

O Theavailable incident energy

O Paential for arc flash (Conduct an arc flash-
hazard analysis)

O Arc flash protedion boundary

THINK

O Abouttheunexpeded event.é What if ?

O Lock-Tag- Test- Try

O Test for voltage - FIRST

O Usetheright tods and equipment, including PPE
O Instal and remove grounds

O Instal barriers and barricades

OWhat elsee . ?

ASK

O Can the equipment be de-energized?

O Are badfeeds of thecircuitsto beworked on
possible?

O Isaf sndby persono required?0

CHECK

O Job plans

O Single-linediagrams and vendor prints

O Statusboard

O Information onplant and vendorresources
isup todate

O Safety procedures

O Vendorinformation

O Individuals are familiar with thefacility

PREPARE FOR EMERGENCY

O Isthestandbyperson CPR trained?

O Istherequired emergency equipment available?
Whereisit?

O Whereistheneaest telephore?

O Whereisthefiredarm?

O |s confined space rescue available?

O What isthe exact work locaion?

O How is the equipment shut off in an emergency?
O Are the emergency telephonenumbers known?
O Whereisthefire extinguisher?

O Areradio communications available?

KNOW

O What thejobis
O Who else needsto knowd Communicatd
O Whoésin charge

PERSONAL PROTECTIVE EQUIPMENT

ORubber gloves: Class __ Airtested? Y N
Lab test date:

O EH rated boots

O EH hardhat

O Arc shield

O Arc auit 40 cal/cm?

O Arc rated clothing

O Balaclava style hood

O Arc rated hearing protection

O Insulated tools

O Insulated barrier material (rolled blanket)

O Plastic rimmed safety glasses

O Baricade Tape

Cal/cm?
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APPENDIX D

CLEAR WORKING SPACE

Minimum Depth of Clear Working Space at Electric Equipment, 600 V or Less

Minimum clear distance for condition??
Nominal voltage to ground

Condition A Condition B Condition C

m ft m ft m ft
0-150 0.9 3.0 0.9 3.0 0.9 3.0
151-600 0.9 3.0 1.0 3.5 1.2 4.0

Notes to Table S-1:

1. Minimum clear distances may be 0.7 m (2.5 ft) for installations built before April 16, 1981.

2. Conditions A, B, and C are as follows:

Condition A -- Exposed live parts on one side and no live or grounded parts on the other side of the working space, or exposed live parts
on both sides effectively guarded by suitable wood or other insulating material. Insulated wire or insulated busbars operating at not over
300 volts are not considered live parts.

Condition B -- Exposed live parts on one side and grounded parts on the other side.

Condition C -- Exposed live parts on both sides of the work space (not guarded as provided in Condition A)

with the operator between.

3. Working space is not required in back of assemblies such as dead-front switchboards or motor control centers where there are no
renewable or adjustable parts (such as fuses or switches) on the back and where all connections are accessible from locations other than
the back. Where rear access is required to work on deenergized parts on the back of enclosed equipment, a minimum working space of 762
mm (30 in.) horizontally shall be provided.

Minimum Depth of Clea Working Space at Eledric Equipment, Over 600V

Minimum clear distance for condition®?3
Nominal voltage to ground

Condition A Condition B Condition C

m ft m ft m ft
601-2500 V 0.9 3.0 1.2 4.0 1.5 5.0
2501-9000 V 1.2 4.0 1.5 5.0 1.8 6.0
9001 V-25 kV 1.5 5.0 1.8 6.0 2.8 9.0
Over 25-75 kVv* 1.8 6.0 2.5 8.0 3.0 10.0
Above 75 kVv* 2.5 8.0 3.0 10.0 3.7 12.0

Notes to Table S-2:

Minimum depth of clear working space in front of electric equipment with a nominal voltage to ground above
25,000 volts may be the same as that for 25,000 volts under Conditions A, B, and C for installations built before April 16, 1981.

Conditions A, B, and C are as follows:

Condition A -- Exposed live parts on one side and no live or grounded parts on the other side of the working space, or exposed live parts
on both sides effectively guarded by suitable wood or other insulating material. Insulated wire or insulated busbars operating at not over
300 volts are not considered live parts.

Condition B -- Exposed live parts on one side and grounded parts on the other side. Concrete, brick, and tile walls are considered as
grounded surfaces.

Condition C -- Exposed live parts on both sides of the work space (not guarded as provided in Condition A)

with the operator between.

Working space is not required in back of equipment such as dead-front switchboards or control assemblies that has no renewable or
adjustable parts (such as fuses or switches) on the back and where all connections are accessible from locations other than the back.
Where rear access is required to work on the deenergized parts on the back of enclosed equipment, a minimum working space 762 mm
(30 in.) horizontally shall be provided.
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APPENDIX E
APPROACH BOUNDARIES

Table 1

Approach Boundaries to Energized Electrical Conductors or Circuit Parts for Shock Protection (All dimensions are distance
from energized electrical conductararcuit part to employemcluding reach)

VOLTAGE LIMITED RESTRICTEL
RANGE APPROACH BOUNDR| APPROACH
Phase to Phas¢ Movable Fixed BOUNDRY
0-50 Avoid Avoid Avoid Contact
Contact Contact

51- 150 volts 10 ft. O in. 3ft. 6in. | Avoid Contact
151-750 volts | 10 ft. O in. 3 ft. 61in. 1ft.0in.
DCc 1000 volts
751- 15,000 10 ft. O in. 5ft. 0in. 2 ft2in.
volts
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APPENDIX F

CONTRACTOR COMMUNICATION

As the hiring manager, it is your responsibilitycmmmunicate to the contractor the electrical hazards
they may encounter. Please use one of the following two paragoapbd upon whether or notaxo
flash analysis has been conducted.

If an arc flash analysis has been conducted:
The University of \érmont has conducted a Power System Study and Arc Flash Calculations for the

building. Please contact the Training and Compliance OffiSA )6
for a copy of the safety information needed for the contracted work.

If an arc flash analysis has NOT been conducted:

The University of Vermont hasot conducted a Power System Study and Arc Flash Calculations for the
building. Pleasmply with the University of Vermont Physical Plant
Department Electrical $ety Program, NFPA 70E, and any other applicable standards.
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APPENDIX G

ELECTRICAL SAFETY PPE

A The
f ﬂ’ UNIVERSITY
E.s8 ¢ VERMONT

ELECTRICAL SAFETY PPE - HRCO

HAZARD RISK CATEGORY calfcm? BODY PARTS PERSONAL PROTECTIVE EQUIPMENT
Safety Glasses or Goggles @
Head
X

Arc Rated Hearing Protection P

&

Nonmelting Undergarments (i.e. 100% cotton)
0 0-1.2 cal/fcm’ Body Nonmelting Long Sleeve Shirt
Nonmelting Long Pants

Feet

Leather Work Shoes/Boots
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The

UNIVERSITY ELECTRICAL SAFETY PPE - HRC1
o VERMONT
HAZARD RISK CATEGORY _ |cal/cm® BODY PARTS |PERSONAL PROTECTIVE EQUIPMENT

Hard Hat &

Safety Glasses or Goggles @

Head
hY
Arc Rated Hearing Protection »
F]
Arc-Rated Face Shield O
Nonmelting Undergarments (i.e. 100% cotton)
4
1 1.2 - 4 cal/em’
Body Arc-Rated Long Sleeve Shirt

(min APTV 4 cal/cm2)

Arc-Rated Long Pants
{min APTV 4 cal/cm2)

Feet Leather Work Shoes/Boots
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The

UNIVERSITY ELECTRICAL SAFETY PPE - HRC2
of VERMONT
HAZARD RISK CATEGORY |cal/cm’  |BODY PARTS [PERSONAL PROTECTIVE EQUIPMENT

4 - 8 calfcm’

Hard Hat

€.

Safety Glasses or Goggles

=
Head Arc Rated Hearing Protection »
F A
Arc-Rated Face Shield d
@

Arc-Rated Balaclava

Nonmelting Undergarments {i.e. 100% cotton)

Body

Arc-Rated Long Sleeve Shirt

{min APTV 8 cal/cm2)

Feet

Arc-Rated Long Pants
{min APTV 8 cal/cm2)

Leather Work Shoes/Boots
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Feet

The
UNIVERSITY ELECTRICAL SAFETY PPE - HRC3
of VERMONT
HAZARD RISK CATEGORY cal/cmz BODY PARTS |PERSONAL PROTECTIVE EQUIPMENT
Hard Hat “
Safety Glasses or Goggles @
Head
2
Arc Rated Hearing Protection 4 >
y
Arc-Rated Arc Flash Suit Hood (included in HRC4 Kit}) ‘
Nonmelting Undergarments (i.e. 100% cotton)
‘J |
3 8 - 25 cal/cm?
Body Arc-Rated Flash Suit Jacket {included in HRC4 Kit)

Arc-Rated Flash Suit Pants {included in HRC4 Kit})

Leather Work Shoes/Boots

®EEEEEERLLRLRLRE L2 USE OF 40 cal/cm2 SUIT REQUIRED FOR ALL HRC3 & HRC 4 WORK! **### s xsxsssssses
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