Evaluating Water-Damaged Electrical Equipment

1 USE OF THIS PUBLICATION

This publivation provides information on how to evaluate electrical aquipment that has been exposed to
water through flooding, fire fighting activities, hurricanes, etc, It is designed for use by suppliers,
installers, inspectors and users of electrical products.

Electrical equipment exposed to water can be extremely hazardous if resnergized without perfotming a
proper evaluation and taking necessary actions. Reductions in integrity of electrical equipment due to
maisture can affect the ahility of the equipment to perform its intended function. Damage to elactrical
equipment can also result from flond waters cantaminated with chemicals, sewage, oil and other debris,
which will affect the integrity and performance of the equipment. Ocean water and salt spray can be
particularly damaging due to the corrosive and conductive nature of the salt water residue.

Distributors of electrical equipment should not supply any inventory that has heen subjected to water
damage. This can lead to damaged equipment still being used and creating a hazard to individuals ar
property.

2 CONTACT THE MANUFACTURER

Warking knowledge of elecirical systems and of the equipment in question is required to evaluate
damage due to contact with water. The original manufacturer of the equipment should be contacted if
any questions arise or specific recommendations are naeded. In many cases, replacement wili be
necessary.

After consulfafion with the manufacturer, some larger fypes of electrical equipment may be
réconditioned by properly trained personnel. The patential to recondition
the equipmant may vary with the nature of the eleatrical function, the degree of flonding, the age of the
equipment, and the length of time the equipment was expased o water,

Aftempts to recondition equipment without consulting the manufacturer can result in additional hazards
due 1o the use of improper cleaning agants, which can furthar damage the equipment (see Matfonal
Eletrical Code® Section 110,11 Informational Note No.2) or due to improper reconditioning techniques,

NEMA rmember companies are commitied to safety. Far gpecific contacts within these manufacturing
firms, call or write:

National Electrical Manufacturars Assaciation
1300 North 17th Street, Suite 1762

Resslyn, Virginia 22209

Telaphone: (703) B41-3236

Fax: (703) 841-3338

ATTN: Vince Baclawski

email: vin_baclawski@nema.org
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3 ELECTRICAL EQUIFMENT REPLACEMENT/RECONDITIONING REQUIREMENTS

The table shown balow provides the requitements and recommendations associated with varicus
categories of elecirical squipment that have been subjected fo water damage. Where it is shown that
the equipment ‘may be reconditioned™ it is critical that the manufacturer of the equipment be contacted

for spacific quidance,
May be
Equipment Replace Reconditieoned |  Additional Standards Reference
Equipment {Cantact the {if availabte)
manufacturer.)
ELECTRICAL DISTRIBUTION EQUIPMENT (refer to 4.1)

Molded sase cirouit breakers X

Low voltage fuses X 7
NEMA K3 3-2010, Guidalinas for

; Inspaction and Praventive Malitenance of

Switches X Switchas Used in Cormmercial and
Indusirial Applications

Busway X NEMA BU 1.1-2000, General Instructions

{mylar wrapped bara) for Handiing, installation, Cperation, and

Busway % Mzintenance of Busway Raled 600 Volts

{powder coatad hars) or Less, pare 3.4.4, 9.2.4.2
NEMA PB 1.1-2002, Gengral Insiructions
for Proper Installation, Operation, snd

Panelboards X Maintenanca of Panefboards Rated 600
Volts or Less, para. 10.3, 10.8.3. 10.8.4
NEMA FB 2.1-2002, Ganaral Insfructions
for Proper Handling, installation,

Swiltchbosrds X Operation and Maintanance of Deadfromnt
Distribution Switchboards Rated 800 Volts
or Less, para. 11.3.1.3, 11,10

MOTOR CONTROL EQUIPMENT (refer to 4.2)

Adjustabla spaesd drives

X

M T
ol dabih Tt

Compansnts containing
semiconductars arcd
fransistors

Electronically controllsd and
solid state contactors and
starters

Qverioad relays

=i 1E D) It“"‘"
i ‘}: n[_iglfl SIEH

Manual and magnetic
cantroliers

i

i

i
i
’IJ[

Motor control centera {see
4,2.2)
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May be
Eaui ¢ Replace Reconditioned | Additional Standards Referance
Quipmen Equipment | {Contact the (if available)
manpfacturer.)
POWER EQUIPMENT (refer to 4.3)
Elzetranie trip unita of LV X i
power cireult breakers i
High-voltaga circuft breakers X Gl ke ,
L) ZL"!.'!'.' : RS
Low voltage power cireuit X
breakems
Protactive mlays, mseters,
and current transformers
(see section 4.11 for devices X
that sontain afactronic
companants}
Low voltane switchgear x
_Medium valtage switchgear X
TRANSFORMERS (refer to 4.4)
All  dry-type  transformers X =] ""‘Jj*jl':;‘val
ragardless of KVA ratings el
All dry type control cireut X
transfarmers
Liguid-fillad transformers X
{Analysls of the
fnsulating medium
is required Tor
evaluation of thiz
equinment.}
Cast-resin transfmmar s X
CONDUIT, TUBING, FITTINGS, OUTLET BOXES AND JUNCTION BOXES (refer tn 4.5)
“Fittngs A
X n: am-é E‘ ;I' Imn“'ﬂ i I“ll
5:: g g ectrical ik
.\.i_; 1.,,::-%llg,r:ar:1
Outlat and Junction Boxes uNEMPJ",,Qﬁ b
o ol G f
N I'i;j'i':'.z!:;'i:ﬂ.p: e
"ﬁl‘..‘. :
Conduit and Tubing -? ;'iiii B o ﬁﬁta ;s;,l;
x :
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May be
Replace Reconditionad | Additional Standards Reference

Equipment Eguipment | {Contact the {if available)
manufacturer.)
WIRE, CABLE AND FLEXIBLE CORDS (refer to 4.8)
Wira or cable listad for dry % i
locations {such as NM-B)

Wire or cahble that is suitahle
for wat locations

{Fravided the ends of the X
wire or cahle hava not hean
exposed to waier and the
wire s not damaged.)

AFClg, GFCls, SURGE PROTECTIVE DEVICES AND

Are Fault Clrcult Intarrupters SRR
(AFCI) and Graund Fault X i 1
Circuit Intarupters (GFCH)
Surge Protective Davices
(ransient valtage surge X
SUPPressors, surge

arresters lightning arresters)
Wiring Davices (switchas, X

E‘

11 it
receptacies, dimmers, ete.) B i i i bl E:A.!‘.i[ i

QOTHER DEVICES

S
I'II:

T

lﬁwm b

Cable Tray (refar to 4.8) x o E;* A

i hin 5
zn!a [.m ‘,_

(Replace damaged
igbals.) i i
"Fire Pump Controllers NEMA IGS 15.201 1, !nstmctacns or the
X Handling, !nsfal!ataon, Operation, and
Maintenance of Efacinc Fire Pump
Contmilers Ratad Not More Than 600Y

VIR IPWTEP 1 e ezl
i ; u E 1||IIIE1 <!

Luminaires (lighting fixtures},

it lmeqiirers
R

n“.";;.;rw*' !
ballasts and LED Drivers X fmﬂ ﬁ A
(refEF io 4.9) ﬂ'MTL qmdil r;ll:u
Motors (refer to 4,10) X
Signaling, Protection and ""'rm..a"ggjr;:;
Communlcations  systams X i
{referto 4,11) g
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4 THE HAZARDS ASSOCIATED WITH WATER.DAMAGED ELECTRICAL EQUIPMENT
4.1 Electrical Distributlon Equipment

Electrical distribution equipment usually involves switches and low-voltage pratective components such
as moided case eirouit breakers and fuses within assemblias such as anclosures, pansiboards and
switchboards, These assamblies can bs connected to elactrical distribution systems using various
wiring methads.

The protective components are critical to the safe oparation of distribution cirguits, Their ability o
pratact these circuits is adversely affectad by exposure to water and to the mingrals, contaminants, and
particles, whith may be present in the water. In molded casa circuit breakers and switches, such
expasure can affact tha averall operation of the mechanlisrm through cotresion, through the presenca of
foreign parficles, and through loss of lubrication. The condition of the contacts can be affected and the
diglectric insulation capsbilities of internal materials can be reduced, Further, somea molded case circuit
breakers ara equipped with electronic trip units and the functioning of these trip wnits can be impaired.
Water may affect the filler material of fusas and will degrade the insulation and interruption capabilities.

Distribution assemblies contain protective companents together with the necessary support structures,
buswork, wiring, electromechanical or electranic ralaye and meters. Exposure to waler can cause
comosion and Insulation damage to all of these aress. In the case of exposure of distribution
assemblies to water, contact the manufacturer before further action is taken,

4.2 Motor Control Equipment

Motor circuits include motor control devices such as motar starters and contactors, together with
overcurrent protection components such as overload relays, circuit breakers, and fuses are often
assembled into motor control panels and motor control centers ae well as individual enclasures. Motar
control cemters contain bhoth control and protective camponents together with support glructures,
buswark and wiring.

The pratective eomponsnts are critical to the safe operation of motor cireuits and their ability to protect
these circuits is adversely affected by exposure to water, and to the mingrals, dontaminants, and
particles, which may be prasent in the water. For molded case eircuit breakers, such exposure can
affect the overall operation of the mechaniam through corrasion, through the presence of forsign
particles, and through loss of lubrication. The condition of the contacts can be sffected and the
diglectric Insulation capabilities of internal materials can be reduced. Further, some molded ¢case oireuit
breakers are aquipped with electronic trip units, and the functioning of these trip units can be impaired,
Water may affect the filler material of fuses and will degrade the insulation and interruption capabifities,

Coqrosicn, loss of lubrication and insulation quality can also be expected in contactors and starters,
Salid-state motor conirofiers, adjustable speed drives and those elestromechanical cantactors o
starters with intagral electronic circuitry will be more severely affected by water, ’

421  Adjustable Speed Drives

Adjustable Speed Drives generally contain electronio components. See section 4.11 for information on
equipmept with electronic companents. For ather components of an adjustable speed drive, the ahility
to refurbish those components will depend on the typs of component involved and the exient of the
damage. The manufacturer of the drive mugt be consulted prior to any atterapt to refurbish the
equipment,

422  Motor Control Centers

Motor conirol centars contain many different components inchuding fuses, circult breakers, controllars,
overload relays, adjustable spead drives and components such as buswork, insulators and enhciosuras,

® Copyright 2011 by the National Electtical Manufacturers Association. FPage &



Many of these components are covered in other parts of this docurment and should be referenced for
additional infarmation on those componhants.

For the buswork and structural assembly, exposure to water can cause corrosion and insulation
damage. For these assemblies contact the manufacturer before further action is taken.

4.3 Powar Equipment

Pawer equipment involves low voltage or medium voltage protective devices within an overall
switchgear assembly. The assembly may also contain cabling, buswork with appropriate ihsulators,
current transformers, glectromechanical or eleciranic relays, and metering.
Reliable operation of the pratective devices is vital to gystem safety. These devices can be adversely
affected by water, In the case of low voliage power circuit breakers and mediurn voltage circuit braskers
and switches, the opersation of the machanism can be impaired by corrasion, by the presence of
particles such as siit, and by the removal of lubricants. The dietactric properties of insulation materials
and insulators will degrade and, for air circtit breakers, the condition of the contacts can be affectad,
Further, low voltage power circuit breakers usually incorporate efactronic trip units; the functioning of
these units will be impaired. Similarly, the functionality of electromie protective relays and maters can
be impalred. See section 4.11 far additional infotmation on electronic components,

Water may affect the filler material of fuses and will degrade the insulation and interruption capabilities.

Low voltage power circuit breakers and medium voltage breskers are desighed to be maintainable with
the possibility of replacing contacts fn air cirouit breakers. Therefore, It maybe possible to reuse such
circuit breakers provided the refurbishing is perfarmed in close consultation with the manufacturer, This
includes claaning and drying technigues, lubrication advice, and thorough testing prior to the
reapplication of power, However, discard and ieplace the electronic trip units of low voltage power
circuit  breakers, and electonic protective relays and meters in any powar equipment.

Replace fusible units of fused equipment. The remainder of the apparatus may be suitabla for
refurbishing in close consultation with the manufacturer,

In all cases, great attention must be paid to the thorough cleaning, drying, and testing of insulators and
insulation material.

The power squipment can be expected to contain additional electronic units such as solid state relays,
These units can also be vital to the correct functioning of the protactive device, and great care is
negded in the cleaning and testing of such units. A first recommendation is o return the devices to the
manufacturer, If this is not possible, the manufacturer should be consulted on the corract selaction of
cleaning agents that remove impurities without damaging the conformal coating. The manufacturar shall
alzo be coniactad for the specific testing raquired of sophisticated electronic equipment containing, for
example, microprocessors.

The overall power equipmant assembly (switchgear) may be abls {o be reconditioned provided carefu]
steps gre taken in tha cleaning, drying and testing of the equipment prior to applying power, This
requires input and advice from the manufacturer, An area of particular concern is the maintenance of
the dielectric properties of insulation, In the field application of medium voltage equipment, standoff
Insulators are subjected to & wide variety of high voltage surges. Such nsulators may need
replacement,

4.4 Transformers
Exposure of transfarmers to water can cause corrosion and insulation damage to the transformer cora
nd winding. The ability of the transformer to perform its intendad function in a safe manner ean also be

impaired by delris and chernicals, which may ba deposited inside the transformar during & flood, Water
and cantaminates will alse damage tha transformer fiuids,
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