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Mr. Mark Spinelli

Electrical Engineering
Arkansas Power and Light Co.
TCBY Tower (TCBYT 17)
Broadway and Capitol

Little Rock, Arkansas 72201

Subject: MLEA Project 90009, Therma! Behavior of T-95 and Scotch 33
Dear Mr. Spinelli,

Enclosed for your information and use is M1 A Report 90009-001-3, Technical Evaluation
¢ “nomite T-93 Taped Splices Wit Sco.ch 33 Jacketing Tape and Unjacketed, Thermal
Ay Behavior at an Oven Temperature of 310°F. The enclosed report contains the results
of an investigation into the physical and thermal properties of Okonite T-95 insulating tape
and Scotch 33+ vinyl mlectrical tape to determine the reason(s) for the unusual behavior of

these materials durmL approximaiely 40 hours at 310°F. Copies of References 1 through
5 of Report 90009-001-3 are available at ANO. Copies of Refererces 6 through 9 are

enclosed with the report.

[t is interesting to note that the ph sical properties and thermal behavior of both T-3. and

Scoteh 33+ at elevated temperatures (i.e, above 105°C) are not containcc in any of the
puhh\hcd literature available to the purchaser of the products. Ia fact the information

obtained by MLEA is not available in any published literature from the manufacturers, only
in internal laboratory reports.

With the informection contained in the enclosed rcpon it 1s considered that it is possible to
estublish thermal aging parameters for Scotch 33+ jacketed T-95 tape which can be used
to preage specimens for LOCA/HELB Simulation testing. These parameters will be the
subject of separate correspondence. However, it is MLEA's judgement that a successful test
of unjacketed T-95 (viz. Specimen 14) cannot be performed.

Should you have and gestions or comments on the enclosed report, please contact us at your
earliest convenience.

S ncc'e1\ 4
: ¢/ Cane
5L M’L‘“ 7 ‘:} CY). Crane,

ij’c:f \Lm‘s:e-:« Manager of Engineering
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C. 1¥Crane, Manager of Engineering







P T =T AT T T p T m—

I

* At some time between 24-30 hours of testing and 40+ hours of testing, the
unjacketed splice started to flow and, having no restraint, dripped under the
force of gravity to the bottom of the test oven.

This report contains the data obtained on tne physical and thermal properties of both
Okonite T-95 tape and Scotch 3 + tape. Using these properties a technical
evaluation of T-95 tape jackted with Scotch 33+ is performed which establishes the
toot cause of the anomaious behavior de::ribed in Reference 1.

In order to perform an analysis of how the T-95 tape behaves, it is necessary to
determine various physical properties. The properties of Nordel (the source material

for EPDM) and the source of the properties are contained in the following iable.

11

Propery Vaive Reference
Thermal Conductivity (k) S$76E-6 Cal/(sec)(cm)*C® Ref. S
Heat Capacity 056 BTUAbFF Ref. 6
Specific Gravity 0.86 Ref. 7
Coeff. oi Expansion 1.OE-o to S.0E-6 in/in/*F Ref §

* 576E-6 Cal/(sec)(cm)°C = 0.1393 BTU/Cir)(f)°F

There i no available data on the properties of uncured (unvulcanized) EPDM
material.  The information obtained from DuPont in Reference 6 is based on 2
typical cured material. In Reference 6, DuPont stated that there was no known
application for uncured material. The specific gravity obtained in Reference 7 is also
for a typical cured EPDM, no information on uncured was identified. The coefficient
of expansior identified in Reference § is a volumetric coefficient.

+.operties of Scotch 33+ Tape:

In order to determine the behavior of Scotch 33+ jacketing taje applied oves
Okonite T-95 tape it is necessary to establish the properties of the Scotch 33+ vinyl
tape. Reference 8 is the 3M product informatiun bulletin for Scotch 33+. From this
builetin the foll-wing properties are determined.

Property Value Referunce
Elot.gation (@72°F) 250% Ref. 8
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Preperty Yalue Reierence

Tensue Strength (@72°F) 3000 psi Ref. 8
Break Strength 16 Ibs/in Ref. &
Aging @ 112°C 60 days Ref. 8

Reference 9 contains information provided by 3M on the eletated teinperatu:e
b-havior of Scotch 33+. Brefly the behavier of che Scotch 33+ tape at a
tersperature of approximately 300°F is as follows:

1. T plasticizers in the tape and adhesive volatilize in a relatively short time
and the tape beoomes brittle.

2. The Scotch 33+ tape will attempt to shrink to its criginal unstretched
length.

Technical Evajuation:

From the information presented in Sections II and III atove, it is apparent that as
ambient temperature of a taped splice is increased above 105°C (221°F) the T-95
insulating tape expands and becomes less viscous while the Scotch 33+ sofiens
permitting the T-95 to expand. As the temperature is increased to 150°C (302°F),
the T-9¢ insulating tape continues to 2xpand and become more fluid, but the Scotch-
33+ start: to shrink slowly and starts to become brittle. After a period of titce
(24hr< t <40 hrs) the Scotch 33+ tepe splits and the T-95 tape oozes out of the
2olits in the Scoteh 33+

The vehuvior of the splices made using T-95 insulating tape with Scotch 33+
jacket.a; tape during the thermal aging test at 310°F is consistent w.th the pronerties
of the matenals based on the information supplied by Okonite ir Reference 5 and
by 3M in Reference 9. However, the data supplied in References S and 9 are
unj ublished and not readily available tn the purchaser of the produ

Corn. lusion:
Base . on the ir formation supplied in References 5, 8, and 9, it appears that the

vppe: temperature limit for aging of splices made with T-95 insulating tape and
Scotch 33+ jacketing tape is 113°C (235.4°F).









REFERENCE 7
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TABLE 31 Properties of Jdastome 37 (Continued)

| ] l Styrese-iscprese-
| Chloro- styrene, and
L pi Motobydra Ethyiene sulfonated styrensbuta
| hemopolymer propylene polycthylene | Fluorocarbon Propyic.w diene-styrens
Property | and copolymer | Fluorosilicone (EPDM | (Hypalon) elasiomens oxides block polymers
Plysical properties ' '
pecific gravity . | 119 | e o 88 1.11-1.26 1.4-1.98 12 0.94-1.18
Therrmal conduetivity, ! i
B/ (h (1% *F L. | | o3 0.088 0.13 il 0 087
Coeffcient of thermal | i
expansion. 107V /°F ; | 45 . L B3 Y v 7.8
¥.af cemistance. l Fuir | Foor Poor Good Excellent Pocr Foor
Colorability Good | Geod Excelient Excelient Good Good Grood
Mechan cal properties { | l
Fardnew Store A) | 398 { 40-70 3090 4595 6590 40-80 3590
Tensie strength. 1,000 b in? |
Pure gum | ' | 1 <1 ‘4 <2 >\ 0.74.8%
Reinforced 1 2-3 t <2 C 832 [ 1.5-2.8 1,83 >2
Elongation. % i | ok
Reir.‘oreed | 3%0-350 | 200400 , 200-600 280- 500 100 481 500670 380-1,380
Realience | Pour w exceliest Good to fair | Good Good Fuur Very good Cood
Cempresion st resatance Very good l Good Fuair vo goo' | Good w0 excellent Fair
Hysteress rematance | Good | Good ! Zood | Goad Good Very good
Flea-crac king resistance Very good | Good | Good | Good Good Very good Good
Siow rate Very good ‘ Guod | Good Geod Good Very good Good
Fast raie Gaod Good | Good | Guood Good Good
Tear strength Good Faur | Pooriwilair | Fairtogood | Poor to fair Eacellent Fuir to good
Abrason resistarce Faur to good Poor | Good Excellent | Good Good | Goeoa
Electrical properties { | | | |
Dielecirie strengeh Fair Good ! Excelient Excullent | Good | Good
Electrical insulation Fair Good Very good Gocd Fai- w good { Good
Therma! propertes |
Service vemp. *F | |
Min for continusus use - 13 1o =80 - 90 ' - &0 ~42 | - 10 - 80 l -60 t0 =80
Maz for continuous use 300 400 | €380 <325 <800 <0 | 130
Low-temp stiflening. *F | =18 ~80 < =100 | «MWw ~80 30w -5 | 2w -3 -0 w ~80
Co(‘ron,-:m ress ance | I
eathes Excelinc t Exvellent | Excelient Eaxcelient Ex nt | W :
Oxidation Very good Excellent | Excellent | Eaxcellent II Ouu?ul:.dm' V:g :::: g:d
Crone Good 1o excellent  Eacellent Excelient ¢ Excellent | Exzelient | Yery good Faur
Radiaticn 1 Good ! Excellent | Fairtogood | Fartogood | .. ‘ Pocr
Water Good . Excelient | Good to excelient Good i Good Excelient Good
Acids Good Very good | Good wescellent.  Eacellent | Good 1o excelient Good Good
to exeellent ! |
Alkalies Goad Very good | Good o excellent.  Excellent Foor w good Very good Good
; i ! 0 excellent
Aliphatic hydrocarbons | Eacellent | Eacellent | Poor ] tir Excellent Poor to fair Poor
Aromasic hydrocarbons 1 Very good | Escellent | Fau Poor to fair Excellent Poor to fair Poor
Halogenated hydrocarbons Goed [ Poor f Poor o fair Good Poor Poor
Alechol Gond Good | Very good Excellent : : Good
Synthetie lubriesnta
(diester! Fair to good Excellent Poo: wo fair | Poor ir to good i
Hydraulic 8uids | | T Falc togoud | .
Silicaves Very good | FEacelleat | Fairwgood | Good Good
Phosphates Foor o fair | Excellent | Good toexcellent  Foor to fair Foor
Uses Diaphragms. ‘ Parta requir- | Electrieal in- : Flex chemical | O riaga braks | Electrical in- | Thermoplastic
print rolls, | ing resstance | sulating and | and petroleum | aeala shaft sulation, gradeas molded
belts. il seals. | W high-iemp | jackelng. | tute and hose, | seals, gaskets. | molded mech- mechanical
molded mech- l solvesta or | footwear, | roLa sack lo- | hose and anical gooda g0d”, pack-
snicnl goods; ols seals ¢ sponge, proofed ings: high- ducting, con- AE0E. Wporta
gosketa bose | gaske s O | fabrics, | temp belus nectors. dis- equipment.
for petraleutn | rings | sutomc (ve ! srire and phragss, | disposable
handlng: low- weather strip- | cabie: shoe earbusmtor | pharmaceutics |
temp parts ping. hose. ‘scles and asedle tipa 1ems.
belts, suts, | heels: Soor- | lined valves, , Solution grades:
PP as o ! ing: building l packings, l adhenives,
Pas parta | products roll coverings | coatings.
requiring out- | extruded sad | ealiung.
standing owone  moided parws | sealsnts
. | and heat i |

| l reaustance i
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\pplications

mary eeciica nsuiatior
espec lly In moisture and
8o'ven! YADOT ATOAS for all wire
and cable spiices UD 10 800 voils
and 105°C (220°F)

»

Forms a protective jacke! (axcer

or! abrasion resistance 'or higr

voltage cabis SPlces and ler-
anons

v

¢

ture wire splicas up 1o 10

ASC specriec i ML

|

Elostirical Propertes |

At Stendarc
Condition
& ASTM D-1000-79
£ Aner Humidity 0% of
i Conditioning standard oon-
8, ASTM D-1000-78  toning vaiue

Insulaton Raslsance 1x10¢
ASTM D-1000-79 Megohms

10.000 voits

Chemical Properies

Water Absorplor

ASTM D-570-63

Resstance 1o UtranoW!

B e la)

-ty

1M, See Section & Pass

Electrotvtic Comosion
t

IV, See SoCHon 9 1.7 18t0

Resig'a” 1o Alkah.s Excellem
Trase are typical praperties and
g2re not to be used ‘of specii-
catON pUIPGIe

A Sn

4. Specificaticns
Froduct

The piastic tape s Dasad on poly
viny. chionNoe (FVC)anc/or s
cooclyners &nd has p rubder-besec
prassure-sensiive aghasive The
taps must be &P e & tempeTH
tures ranging from OF through 100°7
withe: it ioas of physigal or slectical
prosertias. The lape must NGt Cracx
siit, slip or flag whah posed 0
various snvirn nenl (Indoc.
outldoo?). The BDe rpust AIsO e
compatibie with afl syrthatic cabe
\neulations 83 well a8 cabe SICING
cCOMpouUncs
Engineering Archhriectural
Specifications
Primary ¢lectrical npulanon branch
wiring in wet or ary catons. Al
80 lices for 800 voit wire raled 105™C

>

220°F) and beow $hall te nrulrte
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with & minimum of two rait-lapped
layers of Scotch 33 + Viny! Plastc
Tlecirica! Taps All conNe 108
having imeguiar surlaces shall be
aodes with Scotcntil Brand Putty o
1ch Brand 23 Tape prior 10
insylaung with Scoi.1 33+ Elsctrical
Tape
Forms & nrotectve jacke! for High-
Vorage Cabie Splces and Termina-
tors

AJl rubbei and thermoplastic in-

sula ad high-voltage sable splices
and lwrminations shall be ovar-
wrappes with at '« 28! rwo ha'l-lapped
iayers ot Scoter o Viny! P'astic
Electrical Tape

Fixture Wiring' All spiices up 10 1000
voi's anc 108°C (220°F) of less
requinng Insulation shal! be over-
wranped with a mmimuym of two hall
lapped gyers of Scotch 33 + Viny!
Piastc Eectrical Tape

& CharacteristiCs and
Test Data

The Addes « of 33 ~

Low Temperature

A placic lape, 10 be eesily handied at
any lemperature must have good
eiongation and aanes:on Scoteh

43 - has good elongaton and very
pigh aghesion even at lemperatures
as iow a8 0°F 33+ Tape will achere
1o rreguie’ surfaces anc 1o most
suDS!’ates uncer very exreme
temparaiures

at
'

Reom Temperature

Seoten 33 + Elecirical Tape has
Dean cesignec 1o be easly appled
by 87y workman. At rocm tempers-
wre the tape can be plongated easy
while the force required 1O preax the
1ape has been iowe ac. This means
(hat ess eMort 8 required 10 produce
g smeoth, wall-wrappes sphice.
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FORCE (PS1)
Figure 2

NOTE: Lower force I8 required with
15« Tape, as shown, 0 obtain intial
songation. Some elongation (1010
15% ) 18 required 10 obAAN confg v
ance Force required for A3+ Tape is

1 ¢ level which allows sasier WARING
and thus provides maximum protec-
ton in the shortes! possibie time

High Temperature

Through specialized ¢ompounding
and JnIgUe processing techniues é
more temperatyre stable plastic lape
has been produced. 33 + Tape
Catpertorms other plastic tape when
iasied a8 shown in following para-
graphs, "Exposure o Hea!

A maximum temperature raling of
grCcanbegiveniod plastic Lape
This temperature rating (8 in accord-
ance with Underwnters’ Laboratordes
specification. 3IM has raised the test
emperature 10 simulate & 105°

raling. 33+ Tape was designed 1o
mee! the stringent requirements of
trus 1681,

Exposure to Heat

1 Athermoplastic insulating tape
sha!l not crack when flexed, o
e wiBe Lo navesely &l-
facted, at.er Laing SU ected 10
s tempersnreof 11 (235°F)
or 60 ays

2 Todetermine whether & tape
T 08 With the requirements
in the preseding paragraph, four
Jane-insuiated splices are 1o be
ma ‘e wih Type T. TW, THW, or
THWN wire and four with Type
R, AH, RW or RHW wire, a8
sascribed in the succeeding

agraph. The conductor is 10
e No. 12 AWG solid copper
and the sclic copper conductor
ot & iype R, AH, RMW, or RW
vir# 18 10 De metal coated.

- 8w il -
- ot

£5TERN UNION P
Figure 3

Whuis supponting & wbﬁ of
2-12pounce. & sirp §f wpe of

insulated wire just
the splice. Inttially, mejor
axis of the splce It
approximately hodz tally, and
the Wape & caused 10

wire and aplice by r
splice about its may axis. The
Moruholmlol s tpped
from the horizontal Muduc
wm of the tape 18 10 the

tum by the

width ¢* the tape
pared congucions
mately one tape wi of the
wire insulation have

Thus six
result &t each pointplong the

moved from the oven and
sub ecied 1o flexing &s L
described DE&OW. awre

occurs atter 24 ry, the test
shall be leminsted and the 80

Ao agmpies raendvnd from the
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ovian The other four samples
g 10 remain In the overn for a
\cial of 60 cays, and are then 1o
be removed 'rom the over anc
flexed. In each case, \he
samples are 10 be cooied at
room temperature (23 2.0°C)
tor no less than 16 nor more
than 9€ hours De‘are being
flexed

4A The fiexing is .0 be performed
by holging the wire of the
assembly approximately 1 inch
1o the leh of the splice firmly
agains! a horizontally fixed 172
inch diarmeter stesl mandre!
The enc of the assembly which
necludes the splice is then
wrapped hght'y around the
mandrel in & clockwise girection
until approximately one inch of
the wire to the right of the spiic
is wrapped around the mandre!
The girection ¢f the wrap is then
reversed and continyed in the
counlerclockwis e directon ynti
approximataly one inch of the
wire 10 the right of the splice is
wrapped around the mancre
Fiaclockwise cperations and
five counterciocxw!se 0pera-
tions Iciiowed Dy @ CIOCKWISe
unwrap compietas the flexir -

procecure

Al pperations sha, "e con
aucted at a ynifor v such
that the tull flexing ., wedure i§

compieied in 20 = 3 s&conds
The tape shall not crack or
bubble atte: being fiexed.

The conducior shall $how Ne
goverss eflecis after remova O
the tape trum the splices

Electrolytic Corrosion

In insulating wiras, 8. ecuoiylc
COMOsION Caused by insulating lape
can resuit in failure When sub ected
o stress under high humidity, an
insulating matenal serves as an
siectroiyte or @ medium for the
solution of copper wire when ieakage
current exists. The 3M eiectrofylc
corrosion test (s a scentfic method
of measurrg the eMec! of cormosion
caused. annsuiatinglapeona
COODe" » it is based on tensile
strength medasurement of & cOpOer
wire which has been exposed o
elactrolylc corrosion

A precaration board 's made by wrap-
ping No. 32 gauge copper wire s8¢ ‘ha!

seis of two wires are spaces 1/
apant Agditonal sets may be placed
172" apart The wires should De snug
put must not be stretched or kunked

The iape 's applied over the two
wires and firmly rolied down with &
rubber rolier The wires are cut Aush
8! one end of the board with two
nches of wires extended at the other
end. The board is then hung in &
conaitioning chamber maintaned st
952 1% R M. One wire from sach
sampie 18 connecied 1 the positive
side of a 250 volt DC supply and the
other wires are connected o the
negative side.

250 voits DC are applie. scross the
samples for 24 hours. See Figure 4.

The sarmples are then removed, the
tapes removed from the wires and
the wires are tested for tensils
sirength. The corrogion factor is
found by calcuiating:

Tense of positive wire
Tensile nf negative wire

Eiectroiytic corrosion will not affect
the copper wire connected 10 he
negatve side of the DC supnly.
However any elecuuiytic comosion
cf Lsed by the tape will resutt in the
Jissoiving of a small amount of the
wre connected 10 the positive side of
the DC supp'y resyiting in 8 lowe’
tersie sirength

A tepe whose slectrolyiic corpsion
factor ls less than one could be
considered 10 be damaging any
copper wirgs it comys into comact
with at high re ative humiofries
Scotch 33 - Electnca Teoe has an
electroiytic corrusion lactor of 1.00

- N
w
- — L0 T U
pe— Y CAr
Y- | i

g‘ e, % e rﬂb
ry P2 = s e
b I N {’ - Lj

\‘1

< |

. PSS

N ‘

A

-

|
|
Reslstance to Uttratde st

Scun 1 2+ Clectrica Tage, as well
A8 A svniable cor

&7 CoONUNUOURlY .
Vioie! eXpOsSUTe lests. ntair e
an ovtooor aging faciity of Suger-
and, Texas, selec rd of the
high ni”aber of sunshine ¢ays. The
sall ar present also rales the
aging conditions. |
Various tapes e w on Lar-
ious types of 1/4-inch rodd (~opper,
sluminugm, and ted on ies!
boards. The boards as pdsitioned
SUCh & manner as 1o arposure o
the maxirmum sunight, 8 of the
tapes 476 8is0 placed on ftanisss
sieel plates and likewise founted on
test boards,
All tapes Deing exposed i oUtdoo!
aging &re testad inftially i order 1o
0814DI8" before-axposury dea Al
six-Mmonth intervals the &
plales are removed and gem 10 tha
St Paul labs for lesting, Lapes
are lested for the following proper:
tics.

1. Observation of sur. a6

2. Color

3. Aghesive condition

4 Agresive conaition ah rod

£. Corrosion on rod

& Aghesion vaive (oz.Anch)

7. Tensile strength (b.»"ﬂ\)

8 Elongation (%)

9. Dielaciric strength (vorta/inch)

Scoteh 33+ Elsctrcal has

peen cesigned such s proper-
ties remain virtually in this
outdocr of aging test.
Contormability

Type “A” tape 8 8 orented
film type product. it is difficult 10
siongate and when beyond

the low yieid polnt it ]

The Scotch 33 + t-al Tape
curve fllustrales that the lape s
appiied with normal tefsion 3 neat,



The taoe sha! be appled in ha'l

lapped layers with sytiic.ent 1ensior

o reduce its wigth 10 5/8 of its

ainal wigth. On pigtail splices, the

h..2 shail be srapped beyond the

erd Of the wires and then ic ded
paving A perfect proiestive
which will resist wire cut
Always wrap 1ape uphi

RETCH LAST INCH

~ (i

AN The adhesive of 33

resistant
neL

C

IMFORTANT NOTICE
Al statements, technic 8/ infodnation and

FRCOMYTINIRDC 8 i e
based o teslt we Dedeve I rekiglie,

EMTDX

Electro-Progiicts Division aM




REFERENCE ¢

MEMORANDUM
To: File

From: J. A. MurphM

Date: July 11, 1990
Subj: Elevated Temperature Behavior of Scctch 33 Insulating Tape

The product information bulletin on Scotch 33+ vinyl electrical insuiating tape supplied to
MLEA does not ¢ ntain any information concerning the behavior of the product at
temperatures above 113°C (235.4°F). 1 therefore contacted the 3M Electrical Speciaities
Div in Avstin Texas (512-984-5657). The operator connected me with Mr. Steve Meyer
(International Technical Services) ard ask<+d if there was any information on the behavior
of Scotch 33+ at elevated temperature (viz. 300°F). He =-vided the following information:

*« At 300°F aftor a period of time the plasti~izers used in both the tape and adhesive
will volatilize and the tape becomes brittle.

« The tape, if it has been stretched drring applicatios, will also attempt to shrink ¢
its urstretched configuration.

» There is a threshold temper=ture for this behavior anc it is probabily above 250°F
but he could not provid: 2 specific number,

! asked if there was any question about the behavior of the tape at 113°C. He stated that
th~ tape should routinely pass the test conditions stated in the product bulletin. He also

stated that above 105°C the tape and adhesive softens somewhat but could not quantify this
informarion,

I told him that we had been running a therma! aging test in which Scotch 33+ was used as

a jacket over Okonite T-95 insulating tape at about 300°F and that after about 40 hours the
Scotch 33+ split and was brittle. He stated that the observed brhavior could be expected

based on the fact that the plasticizers had volatilized and the tape had attempted to shrink.

I thanked him for the information. (There it no published data on this behavior because the
product information limits use of the tape to 105°C)



