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PREFACE

New to this April, 2007 revision is the inclusion of information on a new
connector for the "pigtailing" repair method (see Section 1-C). Wth the
availability of this new connector, the previously-included alternate to CPSC s
reconmended " COPALUM' repair has been del eted.

This report is based on nore than twenty five years of investigation and testing
of alum numw re branch circuit connections. Included are in-hone inspections
and testing, investigation of burnouts and fires, |laboratory testing, and
extensive review of industry and public agency test results and docunents. The

| aboratory testing and investigations performed by the author were done for the
U. S. Consuner Product Safety Conm ssion (CPSC), for litigants and insurance
interests with respect to fires which nay be alumnumwre related, and for
Canadi an consuner groups, anpbng others.

This report was first issued by Wight-Milta Corporation, which at the tinme had
one of the largest alum numbranch circuit connection testing operations in the
world. In 1982, there were approximately 7,500 al umi num and al um num copper
connections on long-termtest, plus (for conparison purposes) a substantia
nunber of copper-w red connections. The results of nmany of the tests perforned
at Wight-Malta Corp. have been docunented in reports witten for CPSC and in
publ i shed articles and techni cal papers. Some of these reports and papers are
listed in this report as references (Sec. 6) and in the Bibliography (Sec. 7).

Ininitiating this report, Wight-Malta Corporation did not represent any
comercial interests. The conpany did not (and still does not) manufacture or
nmar ket any of the products or services involved or any conpetitive products or
services. Wight-Malta Corporation's alumnumwre testing activity was
conpleted in the late 1980's, and the conpany has not been involved in this
matter (including the revisions of this report) since then. Fromthat tinme to
the present, J. Aronstein, the original author of this report and project

engi neer for the alumnumw re testing perforned at Wight-Mlta Corporation
has continued evaluation and testing of alum numw ring and its connections.

This report is nade available by the original author for honeowner, inspector
and trade information. The report reflects best infornation and test results
avai l abl e through the revision date.
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INTRODUCTION

A fundanental principle of electrical safety for wiring in buildings is that
hi gh tenperatures are hazardous. Wile sone protection is provided by electrical
encl osures, the high tenperature that can develop at failing branch circuit
connections can lead to fire in many ways.[1]

Al umi num wi red connections in honmes have been found to have a very high
probability of overheating conpared with copper-wired connections.[2][3][4] The
al um numwi red connections that fail tend to progressively deteriorate at a slow
rate, and after many years can reach very high tenperature when carrying current
while still remaining electrically functional in the circuits. A | arge nunber of
connecti on burnouts have occurred in alum numw red hones. Many fires have
resulted, sone involving injury and death. Exanples of overheating of two combn
types of alumnumw re connections are shown in Figures 1 and 2 (follow ng

page) .

The probability of alum numw red connection overheating in a honme varies
consi derably according to the types of connections, the installation nethods
used, and the circuit usage, along with many other factors. Wthout detailed
know edge of the installation in a particular honme, it is not possible to
provi de specific advice on corrective measures.

The nost certain corrective action for all cases would be to rewire the hone
with copper wire. This is expensive and inpractical in nbst cases. A practica
approximation to rewiring can be achi eved by a nethod known as "pigtailing"
using a specially-selected connector and installation nmethod to splice a short

| ength of solid copper wire to each aluminumw re end. The copper wire "pigtail"
is then connected to the circuit breaker, light fixture, receptacle, dishwasher,
or other termnation. This nethod is only effective if the connections between
the alum numwi res and the copper pigtails are extrenely reliable. Pigtailing

wi th sonme types of connectors, even though they m ght be presently listed by UL
or certified by CSA for the application, can lead to increasing the
hazard.[5][6] (See Figure 1.)

O her actions and partial repairs are less certain in effectiveness, but they
still can substantially reduce the risk of fire due to alum numw re connection
overheating. Anbng the possibilities are replacing certain failure-prone types
of devices and connections with others nore conpatible with the alum num wire,
and renoving the ignitable materials fromthe vicinity of the connections. These
actions can be acconplished at |ower cost than rewiring or conplete pigtailing,
but with |l ess reduction of the hazard. The honeowner has choi ces to nake. The
objective of this report is to present the choices with a relative ranking of
fire risk reduction

The corrective nmethods and fire preventative actions described in this report
are based on the best information available at this tinme. The installation and
repair information in this report is provided only for guidance in establishing
speci fications for contracted work, which nmust be done in accordance with
appl i cabl e codes and regul ations by qualified electricians.
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FIGURE 1 - ALUM NUM WRE SPLICES MADE WTH TW ST- ON CONNECTORS CAN
BE DANGEROUS. The use of nobst types of twi st-on connectors wth
alumnum wire can Jlead to hazardous results. This tw st-on
pigtailing connection (two #10 aluminum wires with one #12 copper
wire, in a 20-anp circuit), nade with a twi st-on connector that was
U listed for wuse wth alumnum wire at the tine, remains
electrically functional in the circuit, but it becones extrenely hot
whenever a significant amount of current flows. The heat has
deteriorated the insulation on both the connector and the wires. In
this photo, a portion of the connector's spring is red hot, at
current well below the circuit rating.

FIGURE 2 - EXAMPLE OF OVERHEATI NG
OF ALUM NUMWRED TERM NALS ON A
RECEPTACLE. Enough heat was

gener at ed by current fl owi ng
t hr ough t he al um num wre
connections to cause charring of
t he receptacl e body and

disintegration of the insulation
that was on the wire. Note that
the face of the receptacle, as the
homeowner or an inspector would
have seen it, with the cover plate
on, would | ook nornmal .
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ELECTRICAL SAFETY WARNING

Thereisrisk of property damage, injury, and death associated with working on
the electrical system of a home. Shock, electrocution, and fire hazardsare
present. All work involving electrical componentsin the home wiring system
should be done by personstrained and qualified for the job, with the power
turned off at the main disconnect (main breaker, switch, or fuse block). Refer to
appropriateindustry and trade publicationsfor safety precautionsthat should
be taken.

DISCLAIMER

Theinformation contained in thisreport isbased on alarge body of documented
test data and sound engineering analysis. It isconsidered to be accurate and up
to date. However, sincethe practical application of the information contained in
thisreport istotally in the contractor's and/or homeowner's control, and
application of the information in thereport can only reduce but not totally
eliminate the hazar ds associated with aluminum wiring, the author and/or
provider of thisreport disclaim any responsibility or liability of any sort related
to the application of the information that it contains.
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1. REDUCING THE POSSIBILITY OF
CONNECTION OVERHEATING

A. USE OF ANTI - OXI DANT AND ABRAS|I ON

To nmake the safest |owest resistance and nobst permanent connections to al um num
wire, the foll owi ng procedure nust be followed:

1) After stripping the insulation off the wire for the proper distance, using a
stripping tool that does not nick the wire, coat the bare alumnumwth a
nonconbusti bl e corrosi on inhibitor conmpound.*

2) Abrade the surface of the alumnumwre, with the conmpound* on it, wth #240
grit "wet-or-dry" abrasive paper. Maintain the coating of conpound while
abr adi ng.

3) Coat mmting parts of the connector (if not factory prefilled) with corrosion
i nhi bitor conpound*.

4) After conpleting the connection, thoroughly clean off excess conpound that is
out si de the connector

* Note: If the connector is pre-filled with inhibitor conpound, use the sane
conmpound for protecting the abraded wire. It is preferable to use a corrosion

i nhi bi tor conpound that does not burn freely. Burndy Penetrox "A" was the only
one originally found by the author to be nonconbustible, but recent information
i ndi cates that the fornulation may have been changed. Corrosion inhibitors for
al umi num wi re and cabl e connecti ons are known by different nanmes, such as "oxide
i nhibitor", "connector aid", and "joint conpound."” They are generally a greasy
substance. Sonme are sinply petroleumjelly (Vaseline), sone have various added
ingredients. Anobng the electrical inhibitor conpounds available, try to find

one that does not flane readily. This can be tested by placing a small "gl ob"
of the conpound on the end of a piece of wire and trying to ignite it with a
match. |f possible (depends on availability), avoid the use of any conpound

that ignites readily and flanes vigorously (like a nmatch).

*** CAUTION - THESE REPAIRS MUST BE DONE BY A QUALI FI ED ELECTRI Cl AN ***
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B. PI GIAI LI NG USI NG AMP* (TYCO) "COPALUM CONNECTORS

The AMP* “COPALUM connector is applied using a special set of dies in a
power-driven tool. After application of the connector, a heat-shrink insulator
is applied. Solid copper wire "pigtails" spliced to the alumnumw re this way
may be connected to receptacles, switches, circuit breakers, |anps, appliances,
and all other terminations in the normal nmanner. (Note: all al um num branch
circuit wire termnations in the hone nmust be treated this way for a conplete
and pernanent repair, as the overheating probleminvolves all types of

al um num wi red connections.)

Repair by pigtailing, using COPALUM connectors installed by a qualified
electrician, is the only nethod considered by the U. S. consuner Product Safety
Commi ssion ("CPSC') to be a pernmanent repair. Their reconmendation is based on
extensive testing. The method is described in nore detail, and sources for nore
information are provided in an article in Consuner Reports, January 1981.[7]

Wi le the application of COPALUM connectors is considered to be satisfactory

wi t hout special preparation of the al um numconductor, it is suggested that

anti oxi dant conpound and abrasion as per Section 1A (above) be used to provide
an additional safety factor.

WARNI NG - Use of other types of crinp-on connections wth al umi num branch
circuit wire can be hazardous. Do not use commonly-avail able crinp connectors
applied with a plier-like hand tool, even though they are often sold as
applicable for "all wiring repairs”, and in fact nay be nade by AWMP (the sane
nmanuf acturer that nmakes the "COPALUM connector). If the AVMP* COPALUM connect or
(with its special tooling and qualified installer) is not locally available, see
Section 1C, bel ow

TYPICAL FEED-THROUGH CIRCUIT

ALUMINUM
WIRE

INSULATED INSULATION
COPALUM

FYPICAL SPLICE ASSEMBLIES

IECEPTACLE WHITE

' GROUNDING WIRE
N (BONDING JUMPER
TO BOX REQUIRED
FOR METAL BOXES)

ALUMINUM
WIRE
INSULATION

COPPER WIRE
PIGTAILS

FIGURE 3 - llustration of copper wire pigtails spliced to aluminum
circuit wiresusing AMP* (Tyco) COPALUM connectors
(Source: U.S. Consumer Product Safety Commission)

* Note: AMP is now a subsidiary of TYCO

*** CAUTION - THESE REPAIRS MJUST BE DONE BY A QUALI FI ED ELECTRI Cl AN ***
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C. PI GTAI LI NG USI NG KI NG | NNOVATI ON "ALUM CONN' CONNECTORS

In md-2006 a new connector becane widely available for the alum numwre
pigtailing application. This connector is shown in Figure 4. An initial set of
tests on this connector has been conpleted. (These test results will be
presented, published, and nade publicly available in Septenber, 2007.[13]

FIGURE 4 - King Innovation " AlumiConn" Connector

On the basis of the test results, the Al um Conn connector is predicted to have a
hi gh probability of failure-free long-termsafe performance, PROVI DED THAT THE
SETSCREWS ARE CAREFULLY TI GHTENED TO THE MANUFACTURER S RECOMVENDATI ON (see
notes below). If not tightened to the manufacturer's recommendation, there is a
possibility that the connections will degrade due to wire stresses and/ or notion
when t he conpl eted connection is mani pulated into the outlet (or junction) box.

SPECI AL _NOTES:

1. The manufacturer's instructions provide two alternative nmethods for
tightening. Either (instruction card, item#3 or 3A) nmay be used.

2. It is difficult to properly tighten the setscrews if the connector is
hand- hel d. The connector needs to be held in a tool wile tightening. The
manuf acturer has indicated that sone electricians are using "channel -1 ock"
type pliers for this purpose. A special holding tool nay be devel oped and
made avail abl e by the connector nanufacturer

Prior to the April 25, 2007 revision of this report, a different connector had
been identified as having the best probability of |ong-term safe performance if
the Copalumrepair was not available. Provided that special installation

nmet hods were used, 3M Scotchl ock connectors were considered to be the best
avail able alternative to the COPALUM crinp connector for pigtailing. The field
performance of the Scotchl ock connector, installed as had been noted, has been
good, reflecting the favorable test results that had been obtained. A mgjor
drawback of that repair nethod, however, is that these connectors are not
presently "listed" for use with alumnumw re. The Al um Conn connector, with
favorable test results and with UL listing for use with al um numw re, now

repl aces the Scotchlock in this report as the best alternative if the COPALUM
repair is not avail able.

**¥* CAUTION - THESE REPAIRS MJUST BE DONE BY A QUALI FIED ELECTRI Cl AN ***
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D. Pl GIAI LI NG USI NG | DEAL #65 " TW STER' CONNECTOR

After about 1987, when UL adopted a revised standard (UL486C) applicable to

twi st-on connectors for alumnumwre, tw st-on connectors were no |onger being
marked (in the USA) as UL listed for alumnumw re applications. 1In 1995 UL
accepted a twi st-on connector - the Ideal #65 "Twister"” - for alum numto-copper
Wi re conbi nations, including those commonly used in the "pigtailing” retrofit.
The I deal #65 has been heavily pronoted for that application. The connector is
essentially the sane as twi st-on connectors that had perforned poorly in
previous testing, the major difference being that it is pre-filled with

i nhi bitor conpound. Based on its construction, there is good reason to question
the long-term perfornmance of the Ideal #65. Because of its UL |isting, however,
nost electrical inspectors would accept this connector for pigtailing of

al um num wi ri ng.

As soon as it appeared on the market, the Consuner Product Safety Comm ssion
(CPSC) questioned UL's listing of this connector for the alum numwre
pigtailing wire conbinations. Although the manufacturer clainms that the
connector has been thoroughly tested for the application, neither the
manufacturer or UL have rel eased any detailed test data. The manufacturer
states that the connector has received CSA certification for the sane wire
conbi nations. Information devel oped so far indicates the follow ng:

- The manufacturer did not initially claimthat the connector is
intended for use in the pigtailing retrofit application. Instead,
the manufacturer stated (to CPSC) that the Ideal #65 is intended for
such applications as connecting lighting fixtures and ceiling fans.

I deal ' s engi neering nanager at that tinme commtted to CPSC to change
their its advertising and instructional infornmation accordingly, but
I deal has not followed through on that commitnment.

- UL did not independently performthe "heat-cycle" life tests
required by their standard. These tests were perfornmed by the
manufacturer, with UL accepting the manufacturer's results.

- The connector was not "heat-cycle" tested for the conmon
pigtailing wire conbinations with current passing through the
al um num al um numwi re path (in an al um num al um num copper splice).

- The "heat-cycle" tests that were perforned by the nmanufacturer on
the Ideal #65 "Twi ster"” connector were not done using alumnumwre
of the type actually installed in hones built in the 1960's and
early 1970's.

- The CSA certification was based on UL's acceptance for |isting.
CSA did not independently evaluate the |Ideal #65 connector. In
fact, the use of a zinc-plated steel spring in the connector

viol ates a CSA general requirenment for connectors for al um num
Wi ring.

- The inhibitor conpound/plastic shell of the connection in

conbination can ignite readily and burn freely. This increases the
chance of fire ignition if connection failure occurs.

*** CAUTION - THESE REPAIRS MJUST BE DONE BY A QUALI FIED ELECTRI Cl AN ***
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I ndependent testing of the Ideal #65 "Tw ster" has denobnstrated the
foll owi ng: [ 11]

- Installed according to the nmanufacturer's instructions (w thout abrasion
or pretwi sting), the connector does not reliably establish
| owresi stance connections. (This finding contradicts the
manufacturer's claimthat particles in the inhibitor inside the
connector serve to abrade the wire and elinmnate the need for separate
abrasi on of the wires.)

- The Ideal #65 connector does not consistently pass the UL "heat-cycle"
test requirenment when tested with alumnumw re of the type actually
installed in honmes with current passing through the al um num al um num
path in a pigtailing (alum num al um num copper) splice.

- The performance of the lIdeal #65 Twister is essentially the sane as
that of poorly-perform ng tw st-on connectors previously eval uat ed
for the alumnumw re pigtailing application.

Additionally, field burnouts have now been reported with the |deal #65
connectors in their rated applications. Wth CPSC skeptical (and requesting
that UL withdraw its listing), the nanufacturer initially agreeing that the
connector is not for the pigtailing retrofit application, independent tests
clearly denonstrating poor performance, and field failures reported, the use of
the lIdeal #65 "Twi ster" connector for the pigtailing application is definitely
not recommended. |f the COPALUM repair is not available, use the Al um Conn
connector (See Section 1C).

A. THESE TWO FAI LED SPLI CES ARE ADHERED B. SEVERE FAI LURE, PLASTIC
TOGETHER BY THE MELTED PLASTI C SHELLS SHELL MELTED AND CHARRED.
THE CHARRI NG | NDI CATES THAT
I T HAD PROBABLY | GNI TED.

FIGURE 5 - FIELD FAI LURES OF ALUM NUM TO COPPER
SPLI CES MADE W TH | DEAL #65 CONNECTORS [ 12]

*** CAUTION - THESE REPAIRS MJUST BE DONE BY A QUALI FIED ELECTRI Cl AN ***
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E. FIELD EXPERI ENCE WTH "PI GTAI LING' OF ALUM NUM W RE

The previous sections have discussed "pigtailing" using different connectors, in
terns of relative assurance of long-termsafety in actual use, based on |lab test
results and field experience. For those connectors that have been in use for
sonme years, the reported field experience for each connector is consistent with
the lab test results -- good for the AVMP COPALUM and the 3M Scot chl ock, and poor
for the Ideal #65. It is too soon after its introduction to have any
significant field experience to report for the A um Conn connector

Feedback regarding field experience with the various connectors is summarized as
fol |l ows:

1. AVP COPALUM Connector: has been used in this application since the early
1970's, and is present in a significant nunber of alum numwred hones. To
date, to my know edge, there have been no reports (to CPSC or other) of burnouts
or other in-hone failures of alumnumw red pigtailing splices enploying the AVP
Copal um connect ors.

2. 3M Scotchl ock twi st-on connector (using special installation nethod): was
originally proposed for use as a nore readily available alternative to the AW
COPALUM i n about 1980, based on superior laboratory test results relative to
ot her tw st-on connectors that had been evaluated (for CPSC) for the pigtailing
repair.[5] The nunber of homes in which this connector has been used for
alumnumw re pigtailing is unknown, but no doubt is far less than for the
COPALUM or the | DEAL #65. There have been no reports of burnouts or other
i n-honme failures of these connectors used for alum numw re pigtailing.

3. I DEAL #65: cane on the nmarket in the md-1990's. Wthin three years of its
introduction, the first report of field failure surfaced. There have been
additional failures reported since then

4. Al unm Conn: This connector has been on the market for less than a year, so is
no field experience to report. (Simlar setscrew connectors have been in use
for many years, but the application is different. 1In particular, other
applications do not involve severe distortion and stressing of the wires that
ocurs in the pigtailing application when the connections are forced into the
outlet (or junction) box.)

*** CAUTION - THESE REPAIRS MUST BE DONE BY A QUALI FIED ELECTRI Cl AN ***
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F. BOX FILL

Most aluminumwi re splices and term nations that are to be pigtailed are in
netal or plastic electrical enclosures ("boxes"). Sone boxes are too small to
accept the pigtailing connectors in addition to the itens originally in the box.
When thi s happens, the avail able volunme can be increased by changi ng the box,
extending it, or adding an adjacent box. Sone cutting and subsequent touchup of
finished surfaces may have to be done when boxes are changed or added.

G__ALTERNATI VE CORRECTI VE ACTI ONS

Wth | ess certainty of safe, permanent, and conplete correction relative to
pigtailing of all connections, the follow ng actions can reduce the probability
of alum numwi red connection overheating, thereby reducing the hazard. Note that
ground connections should be addressed as well as the neutral and |ine

connecti ons.

1) Service Panel Connections: *** CAUTION - SUBSTANTI AL HAZARD: THE
SERVI CE ENTRANCE CONDUCTORS AND CONNECTORS ARE LI VE ( ELECTRI CALLY
ENERG ZED) EVEN WHEN THE MAI N BREAKER OR SWTCH | S "OFF" OR THE
MAI N FUSES PULLED. SOVE PANELS MAY NOT HAVE MAI N BREAKERS/ FUSES,
BUT, | NSTEAD, THEY HAVE UP TO S| X DOUBLE POLE BREAKERS THAT MJUST
ALL BE TURNED OFF TO DI SCONNECT ALL OF THE BRANCH Cl RCUI TS.

SERVI CI NG OF THE SERVI CE ENTRANCE CONNECTI ONS CAN ONLY BE DONE
SAFELY W TH PONER COVPLETELY DI SCONNECTED AT THE UTILITY POLE OR
METER. USE A METER OR TEST LI GHT TO ASSURE THAT THERE IS NO
VOLTAGE (TO GROUND) ON THE W RI NG BEI NG SERVI CED.

Renake all branch circuit alum numw re connections (including to the
neutral buss) using corrosion inhibitor conpound and abrasion of the
alumi numwire, as described above in Section 1A, Make sure all
connections are tight. Recheck tightness after one year, and thereafter
at intervals determ ned by the anmount of |oosening detected, if any.

Visual ly inspect the service entrance cable connections. |If there is
any abnormality or signs of corrosion or overheating then servicing is
required.

2. Receptacles and Switches ("wiring devices"): *** CAUTI ON -
SUBSTANTI AL HAZARD - USE A METER OR TEST LI GHT TO ASSURE THAT
THERE IS NO VOLTAGE (TO GROUND) ON THE W RI NG BEI NG SERVI CED.

Repl ace with CO ALR devices installed per industry reconmendations.[9]
NOTE: Sone CO ALR wiring devices that are available are old stock and
shoul d not be used. The indiumplating used on the screw termi nals of
sone brands degrades with tine, so the devices have a limted shelf
life. |Inspect the screwtermnals and the termnal plate. [If the
term nals have a fresh netal |ook, they are probably OK [If the screws
and/or termnal plate ook tarnished or off-color, do not use themwth
alumnumwi re, as the long-term performance and safety woul d be

questi onabl e.

*** CAUTION - THESE REPAIRS MJUST BE DONE BY A QUALI FIED ELECTRI Cl AN ***
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If full replacenent cannot be done due to economic factors or limted
availability of fresh COALR rated devices, then the follow ng actions
are suggested

- Replace all devices which have "push-in" wire term nations where
there is no provision for reconnection to a binding-head screw
ter m nal

- Replace all devices which have 6-32 size termnal screws. (Qutside
dianeter is 0.138", the sane as the screws which hold the device
to the box: 8-32 screw threads are 0.164".)

- Replace all devices which have steel term nal screws. (Check with
magnet after turning the MAIN POAER OFF!)

- Priority should be given to the replacenent of unsuitable devices
in the nore heavily loaded circuits, in which portable heaters,
cooki ng appliances, air conditioners, and simlar |oads are used

Al'l unsuitable receptacles and switches on these circuits should be
repl aced, not just those into which the | oads are plugged. (Since
the wiring devices are nost often "daisy-chained" in the circuit,
full current flows through the wiring terminals on all of the
devi ces "upstreant of the device into which a load is plugged.)

Recept acl es and swi tches which are not being considered for replacenent
shoul d be inspected for heat danage. (Replace all damaged receptacles.)
Reconnect the alum numwi re at the screw termnals by preparing the

al umi numwi re per Section 1A, above, and connect to the screw termna
per the industry recomendati ons. [ 9]

Re-ti ghtening existing screw term nal connections, w thout remnaking
them is sinpler but |ess effective.

If CO ALR devices are not avail able for replacenent, the next best
alternative, besides pigtailing, would be the use of devices with
brass (nonmagnetic) 8-32 terminal screws. Connect per the industry
recommendations after preparing the wire as descri bed above in
Section 1A

NOTE: In all cases, when installing the connected device into the

box in the wall, push it into place while folding the wires behind it.
then pull the device out slightly and check the tightness of the

term nal screws prior to screwing the device to the box.

*** CAUTION - THESE REPAIRS MJUST BE DONE BY A QUALI FIED ELECTRI Cl AN ***
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3) O her Connections: Pigtailing to solid copper wire, as described in
previ ous sections, should be used for connections between branch
circuit alum numwi re and screw termnals or stranded | eads of built-in
appl i ances, heaters, furnaces, fixtures, and controls. Do not connect
alumnumwi re directly to stranded copper wire | eads. Use an
internedi ate solid copper pigtail. The solid copper is then spliced
to the stranded copper lead in the conventional nmanner. |n sone
i nstances, such as connections to notors, there is often not enough
space in the junction box for the pigtailing connectors, and an
external junction box nust be added.

Splices involving only the branch circuit alumnumwre (ie: alum num
to-al um num wi re connecti ons) should be made using the Al um Conn
connect or.

H NEWCRCU TS AND CIRCU T ADDI Tl ONS

Use copper or copper-clad wire for all circuit additions and for the
installation of new circuits.

|. HOVES WRED WTH ALLOY (" NEW TECHNOLOGY") ALUM NUM
W RE

The Corrective actions described in the sections above are required for homes
wired with "new technol ogy" wire just as they are for the "old technol ogy" wire.

Hones wired with sme types of "alloy" alumnumw re may have | ower

probability of overheating at the binding head screw connections. There is
little inprovenent in the probability of overheating in other types of

term nations, however. In particular, the alloy al um num conductors show hi gh
failure rates in tests with twist-on connectors.[6][8] Mst of the alloy wires
have i nproved nmechani cal properties but nay have essentially the sane
electrically-insulating oxide surface film As with the "old technol ogy" ("EC
grade) alumnumw re, the oxide must be renpved to reliably nmake a | ow

resi stance connecti on.

*** CAUTION - THESE REPAIRS MJUST BE DONE BY A QUALI FIED ELECTRI Cl AN ***
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J. HOVES WRED WTH PLATED ALUM NUM W RE

Alumnumwire plated with tin or nickel was listed by UL in the early 1970's.
The actual anmount that was ever installed in hones in that tinme frane, if any,
is very small. The only known brand nane (on the cable jacket) that is known to
indicate plated aluminumwire is "SINIPAL". In general, it can be assuned that
the alumnumwi re in a hone is not plated.

Tests of plated alumnumw res with tw st-on connectors showed that the plating
did not solve the connection deterioration and overheating problem[10] If it is
known with certainty that the alumnumwre is plated, omt the abrasion step in
t he connection procedures descri bed above. The corrosion inhibitor conmpound is
still required, however. (Note: abrasion of the plated alumnumwre is not
harnful provided that the inhibitor conpound is used.)

K. HOVES W TH COPPER- CLAD ALUM NUM W RE

Copper-clad alum numwi re has a thin copper outer skin and a core of al um num
Therefore it |ooks |ike copper, except on close exam nation of a cut end.
Mar ki ngs on the cable jacket would include "Al" or "A um nunt. There is no known
hi story of connection overheating problens associ ated with copper-clad al um num
wire. No corrective actions are required for copper-clad al um numwire.

L. M SI DENTI FI CATI ON - PLATED COPPER W RE

Pl ated copper wire is relatively common in ol der hones, and it |ooks I|ike
alumnumwire. It was commonly used with rubber-based insulation. Identification
can be nmade by careful inspection of a cut end of the wire. In general, plated
copper wire woul d not be present in nonnetallic sheathed cable ("Ronex"), it is
nost generally found in netallic sheathed cable ("BX'). Cable of the "BX" type
is not likely to contain alum numwire.

M CRCU T USAGE

Keeping the circuit current lowwll mnimze the possibility of fire hazard due
to overheating alum numw re connections. Heat generation at a connection is
related to current flow. The lower the current, the | ess heat produced at a
given failing connection. Were no corrective actions have been taken, occupants
of alum numwi red homes should mnimze the use of plug-in appliances that draw
current approaching the circuit rating, such as portable heaters, cooking

appl i ances, and air conditioners. Additionally, the total of all |oads active at
any tinme on a given circuit, due to TV's, conputers, lighting, etc., should be
m nim zed

*** CAUTION - THESE REPAIRS MJUST BE DONE BY A QUALI FI ED ELECTRI Cl AN ***
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N. DO NOTH NG?

The el ectrician, handyman, inspector, or realtor who suggests that you could

"l eave wel |l enough alone" with respect to aluminumwring is nost often badly

m staken. Even if it is correct that "nothing happened” in previous years (or
whil e a previous owner resided there), changes in occupancy patterns and

el ectrical circuit usage can heavily load sone wiring connections that had never
bef ore been subjected to any significant current.

For exanple, in ny own hone, a circuit feeding the receptacles in two of the
bedroonms has never carried nore than the current to a few |l anps and an al arm

cl ock, perhaps 5 anps naximumwith all the lights on at once. If the next owner
plugs a portable heater into a receptacle in the corner bedroom (which tends to
be chilly), and perhaps a TV and a conputer are added, the maxi numcurrent in
this circuit can be as high as its circuit breaker will allow wi thout tripping.
(A 15-anp breaker typically will trip at sonmewhere between 16 and 20 anps.) The
current is passing through a daisy chain of wiring termnals on the receptacles
(behind the coverplate, in the box), as many as 22 of themin this particular
circuit in ny hone. It would only take one deteriorated wiring connection in
that daisy chain circuit to cause a problem (in the worst case, a fire) even
though it had previously appeared to be OK at very |low el ectrical |oading.

Does the electrician or inspector - or anyone el se - know anythi ng about the
alumnumwire terminations in this particular hone? Wth respect to
receptacles, are the alumnumwi res ternmnated at screw term nals or push-in
"backwire" termnals? If screwternmnals, are they clanp type or is the wire

wr apped around under the screw head ("binding-head" screw ternminal)? If

bi ndi ng-head screw terminal, are the wires all properly wapped under the screw
head (2/3 wap, no overlap, clockw se direction)? Are the screws steel (worst)
or brass (not as bad)? Are the screws zinc plated (worst), indiumplated
(questionable), or tin or nickel plated (better than zinc)? Wre the screws
originally tightened adequately? Are they all still tight? Are all the
receptacles marked "CO ALR'? Are they narked "AL/CU' or do they have no narKkings
at all as to suitability for alum nun? Were the aluminumw re term nati ons nade
using a corrosion inhibitor? Wre the bare wire ends abraded before naking the
term nations? And that's only the receptacle wiring termnals! One also has to
consider the wiring splices (tw st-on connectors, "wire nuts"), and al um num
wire termnations at various built-in appliances (heating, air conditioning, hot
wat er heater, dishwasher, etc.) and at the circuit breaker panel. Has anyone

i nspected all of the alumnumwi re termnations in the hone to certify that none
of them show signs of overheating (yet)?

A further point to consider is that the alumnumwring ternmnations tend to
degrade with time. Sone may actually be "as good as new', sone nay be
deteriorated (relatively high electrical resistance) but show no visible signs
yet (perhaps for lack of any significant current flow -- yet), and sone nay show
signs of mld or severe overheating. As the house ages, so do the alumnumwre
term nations. None of themw Il inprove with age and further usage.

This is an "occupant beware" (or "buyer beware") situation. You are living in
the hone and raising your famly there. Not the electrician, not the sales

agent, not the previous owner (seller), not the inspector. |If you are
consi dering the purchase of an al um numwi red hone, the al uminumwring need not
be a "show stopper”. It beconmes a question of cost of the honme, cost of

i nprovenents, your budget, and your own set of value judgnents and sense of the
relative risks that you are willing to take.
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2. DETECTION OF OVERHEATING
CONNECTIONS

Det ecting an overheating Connection in the early stages, and taking corrective
action, can be an effective fire-prevention procedure. This is an inexpensive

way of reducing the fire hazard where conplete corrective actions have not yet
been taken. The effectiveness is linmted, however, and strongly depends on the
t hor oughness and frequency of inspection

A. DETECTI ON OF OVERHEATI NG AT RECEPTACLES AND SW TCHES

Wth nmain power off, renove the cover plates of the receptacles and switches
("wiring devices"). Using a bright flashlight, carefully inspect the area of
each wire terminal. The wires shoul d be connected at the screw termnals (not
inserted into "push-in" wiring holes in the back of the device). Look for the
followi ng signs of overheating: 1) charring or discoloration of the plastic

wi ring device body around the screw termnals, 2) abnormal tarnishing or
corrosion of wire and screw ternmnal, and 3) nelting, bubbling, burnback, or

di scoloration of the wire insulation. If any of these signs of overheating
exist, or if the device is push-in backw red, replace or reconnect the device as
previously described. Each and every wiring device shoul d be inspected (not just
a random sanple). Replace all cover plates before restoring nain power.

WARNI NG The often-quoted advice to "feel the outlet faces" to detect
overheating is ineffective and, potentially, dangerously m sleading. The
honeowner cannot be expected to know how rmuch current, if any, a receptacle's
connecti ons have been carrying, and for how | ong, prior to being checked in that
manner .

B. DETECTI ON OF OVERHEATI NG AT OTHER CONNECTI ONS

Peri odi c visual inspection, |ooking for signs of discoloration, insulation
deterioration, or other abnornalities, is the only readily avail able nethod for
detecting overheating of the various wire splices and term nations in the hone

I nspection of electrical boxes and panels other than at wring devices should be
done by a qualified electrician or inspector, and nust include all connections,
not just a random sanpl e

WARNI NG So-cal l ed "warning signs", such as flickering |ights, inoperative
circuits, strange odors, snoke, sparks, and arcing, sonetinmes occur at advanced
- and hazardous- stages of connection failure, but they cannot be counted on as
warning signs in all instanaces.

WARNI NG I nspections can reveal what has happened in the past, but cannot
assure future safe performance. A high resistance connection may not have

over heated sinply because no significant current was ever flowing in its part of
the circuit. It will ook "like new'. The sane connection may then overheat to
hazardous | evel s when a new |l oad (TV, portable heater, cooking appliance, or
other) is plugged into the circuit.
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3. REDUCING THE POSSIBILITY OF FIRE IF
CONNECTION OVERHEATING OCCURS

Over heating connections can get hot enough to ignite fire, if there is an
ignitable material nearby. Wether one has a "burned out connection"” or a
serious fire loss is determned to a great extent by the materials that are near
t he overheating connection. Renpving the easily ignited materials fromthe
vicinity of the alum numw re connections can substantially reduce the
possibility of fire ignition if a connection overheats. This activity is npst
efficiently done as part of a general inspection for overheating connections
(Section 2, above), and should be done with the main power off.

A. INSI DE THE ELECTRI CAL ENCLOSURES

Wl | paper and wood paneling nmaterial are often installed so that they intrude
into the wiring device boxes, sonetinmes in actual contact with the wire

term nals. These materials should be cut back beyond the border of the box.
Renove all dust, wood chips and splinters, paper material, and other extraneous
conbustible materials fromthe receptacle and switch boxes and all other

el ectrical enclosures.

B. COVER PLATES ON RECEPTACLES AND SW TCHES

Use netal coverplates on receptacles and swi tches. Mdst "decorator"” type plastic
and wood coverplates ignite relatively easily. Metal coverplates provide better
protection and al so serve to dissipate the abnormal anpunt of heat that may be
generated inside the box by a failing alumnumwi re termnation on the wiring
devi ce.

C. ADJACENT TO THE RECEPTACLES AND SW TCHES

Beddi ng, furniture, drapes, books, newspapers, and other potential fuels are
often found in direct contact with the wiring devices. Renpve all conbustible
materials that are in contact at the face of receptacles and switches, so that
there is at least 2" of clearance.

4. |F FIRE OCCURS (from any cause)

KNOW WHAT TO DO | F FI RE OCCURS. HAVE A PLAN. DI SCUSS IT WTH THE WHOLE FAM LY.
SEE YOUR LOCAL FI RE DEPARTMENT FOR GUI DANCE

| NSTALL DETECTORS. EARLY WARNI NG | S | MPORTANT.
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