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Utilization of this test report by persons
wlthout access to pertinent factors, and wlthout
proper regard for their purpose could lead to
erroneous concluslons. Phlladelphia Electric
Company cannot assume responsibility for the

use of this report not under Its direct control,

PHILADELPHIA ELECTRIC COMPANY
2301 Marke! Street
Philadelphia, PA 19101



1.0 Objlect!ve

This test report presents the test results of three separate
energized cable flame tests. The tests were performed to: (1)
determine the characteristics of flire Induced cable insulation
fallures as they relate to leakage current through Insulation degraded
by fire, (2) determine the effect on a camon power supply where
multiple individually fused cables are Installed In a manner
simulating typical power plant practice and are subjected to a fire
source. The results will be used to consider the effects of fire
related simultaneous high impedance faults In compliance with 10CFR50,
Appendix R,



2.0 Summary

Generlc Letter 86-10 "Implementation of Fire Protection
Requlrements' (April 24, 1986), Enclosure 2 Item 5.3.8 requires
consideration of simultanecus high impedance faults for all common bus
associated cables located In a fire area.

A serles of energized cable flame tests were conducted In order
to address the concerns identified In the generic letter. The tests
included a simulated 120 VAC distribution panel arrangement with
coordinated supply clrcult breaker and fused 'oad circults. The
results of this test will be used to consider simultaneous high
Impedance faults for speclfic common bus arrangements,

This report describes the test specimen solectlion, the test
set-up and procedure and presents the test results and conclusions.



3.0 Concluslions

The cable flame tests reported upon herein were conducted by
Philadelphia Electric Company to provide data which supports the
premise that simultaneous high Impedance faults from fire damage
do not occur In a manner such that electrical coordination of
power sources (as designed for PECo nuclear facllities) Is
Jeopardized. The test results conflrm the premise as stated,

Supporting evidence from Tests 1 and 2 Iincludes the followling:

1.

The time to fallure varlies randamly within ranges which
are dependent on proximity to flame source and nurber of
intervening cables between a subject cable and the flame
source,

The fallure mode conslsts of an Initial perlod of
translient Insulat!on breakdown which |s very current
limited as opposed to approaching the trip threshold of
fuse or breaker sizes used In power distribution panels.

The Insulatlion resistance or alternatively the leakage
current durlng the initial Insulatlion breakdown
transient has a waveform with alternating peaks and
valleys,

The period of Initlal transient high Impedance Insulation
breakdown Is generally enveloped within a 1 minute duration.

In addition to fully supporting the resu'ts of Tests 1 § 2,
Test 3 provides the following:

S.

Fallure of Insulatlion after the initial transient breakdown,
cascades to a very low Insulation Impedance within less
than 1 second.

The electrical protection device actuation wlill be
principally Influenced by the high current during the
cascading Insulation breakdown as opposed to the lower
Initial transient leakage current. The fault during the
cascading Insulation breakdown [s less than 1 second In
duratlon,



4,0 Introduction

The PBAPS Safe and Alternative Shutdown System Ana'yslis
evaluated each plant flre area to determine the affects of an
Appendix R fire on the abllity to achieve safe shutdowh., For
analysis, fire damage to electrica: power, control and
Instrumentat ion cables was defined as short, ground, op&h or
hot short clircults, Assoclated circuits (safe shutdown or
non-safe shutdown) were considered those |.e. clrcults thrat
have a common power source or cammon enclosure with the
active safe shutdown equipment.

A 10CFRS0, Appendix R Electrical Coordination Stidy was
performed for PBAPS safe shutdown electrical buses from
4,16KV to 120VAC and Including the 125/250 VDC System.

The coordination study determined that the exlisting
design |s coordinated and that faults on assoclated clrcuits
due to flame damage, of the type analyzed, are not a concern,
Also, fault current avallable at ali distribution levels is
adequate for the proper operation of the current actuated
protective devices.

In 1985 the NRC Issued Generlc Letter 86-10 CApir!l 24,
1986) "Implementation of Fire Protection Requlrements',
Enclosure 2 of this letter provided NRC respons2s to questlions
raised by the Industry during a series of NRC Reglonal
Workshops., Question 5.3,8" Short Clrcult Coordination
Studies," asked If high Impedance faults should be conslidered
In the coordiration studles. The NRC response requires °*
that simultaneocus high impedance faults (below the trip point
for the breaker of each Individual clircult) for all assoclated
clrcults located in the flre area, should be considered In
the evaluation of the safe shutdown capabllity.

During the NRC review meeting on PBAPS Appendix R held,
July 30, 1987, PECo responded to questions regarding multiple
high Impedance faults stating that the prospect that they
occur on assoclated clrcults In a fire area Is very low
because the raceway system Is solldly grounded and nuclear
grade cable [s used.

A subsequent review of NUREG-0050 and 0061 assoclated
with the Browns Ferry Fire was conducted. The fire damage
resulting to cables Installed In cable tray and condult was
reported to be caused by flame and temperature. The loss of
control circult functlon assoclated with these cables was
reportedly due to short clrcults., Evidence of high Impedance
faults or tripping of related upstream protective device
trips was not found In these reports.
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Strands

lyzer measured the v«

ad box which was proportional to the

current caused by Insulation flame damage

nergized cable test specimen located

the cable tray., Two (2) conductors of the test

imen were electrically connected together and

to the line side of the power supply through

esistive load box as shown In Figure 3. All
onductors in the tray were electrically

the steel tray which was tlied to the

f the power supply. The steel tray

rts were Isolated from ground. With the
energized In the initlal condition prior t«

lying the flame source, there was no current
Iin the circuit, The current path due to cable

ulat ion degradation would be from the energized
conductors across the Iinsulation to a neutral
conriected conductor or to the cable tray. This
current would be a direct result of the
cable/conductor Insulation flame damage and leakag:c
current, Pictures 1, 2 and 3 show the test set-up
and instrumentation.
A 120VAC test lab power supply, capable of providing
50 amperes, was connected through a supply circuit
breaker to the test set-up., Since there was no
load current on the energlzed cable, the measured
current was purely leakage.

The recording function of the analyzer was
automatically triggered when the leakage resistance
(reached) 200 ohms. The trigger had a
111second (me) preset, so that 400 ms of data
trigger was recorded. The recorder took
sample readings each 0.5 millisecond for a 4 second
period (or 8000 data points). Each sample data
polnt consisted of a reading of the power supply

voltage and the voltage across the fixed reslstance
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The current through the main supply circult breaker
and each fused circuit was monitored and recorded.

A callbrated current transducer was used to monitor
wurrent through the fuses. The output of each
transducer was connected to a Fluke 2280 B Data
Logger. The current suppl'ed through the circuit
breaker was monitored by the logger.

The test measured and recorded the lezkage current
through the clircult breaker and each Individual

fused clrcuit as a function of time. Each current
data point was scanned and recorded once a second.

The test data shows the time when leakage current
started to flow and the point at which the fuse
failed. Continuity checks were made after the test
to confirm that the fuses had falled.

The data logger irterfaced with a RS232 interface
modem to an !BM-PC, so that the data was stored on
a floppy disc as shown In Figure 11. The data was
then printed and plotted

6.0 Test Procedure

6.

\

Flame Source Preparation

The same flame source set-up was used for all three (3)
tests. The ribbon burner, alr-gas venturl mixer, alr and gas
rotameters and 20 Ib. comrmerclal propane gas tank were all
connected per Flgure 2. All connections were sealed and

the completed installation was checked for leaks with gas
sniffing devices.

The temperature of the flame source was checked prior to
running the test. After the flame source was ignited, the
rotameters were adjusted by needle valves for 70,000 BTU/HR.
fhe temperature was measured using a type "K' thermocouple,
located In the flame, 3 inches above the top of the burner
face. The temperatures were In the range of 1500 °F to
1600 °F, during the tests.,

The thermocouple remained In place and was used to monitor
the temperature curing all three tests.

10



6.2. Cable Tray Preparatlon

6.3

The same cable tray arrangement and cable loading was used
for all three (3) tests, Suitable lengths c¢¥ the specified
types of cable were irdividually randomly l¢ld n a loop
conflguration, Inside the 4 foot long cable tray. Both ends
of each cable exlited fram the same side of tie tr-ay to
facilitate electrical connectlions.

For tests 1 and 2,the non-energlzed cable coniuc .ors were
connected together to the steel cable tray anc t ed to the
power supply reutrai. The cable tray was supior .ed
horizontally over the flame source (burner) us rj a four
legged frame, The frame was Isolated from grour * using
insulators under each of the four legs, as showm In Plcture
3.

In both tests a 4 conductor cable was energlzed and monltored
for leakage current., Two (2) of the conductors were connected
together and tled to the line side of the power supply. The
other two (2) conductors were tled to the non-energlzed
conductors, cable tray and neutral side of the power supply.
Any leakage current between the line side conductors and
other conductors or cable tray was measurec and recorded.

For test number 3, eight (8) cables were energlzed with 120
VAC and monitored (4-2 conductor and 4-4 conductor cables).
Two (2) of the conductors of the 4 conductor cable were tied
together and connected to the lirne side of the power supply.
The other two (2) conductors were tied to neutral along with
211 non-energ!zed cables and the cable tray. One (1)
conductor of the 2-conductor cable was tlied to line and

the other to neutral, as shown In Figure 10 and Plcture 12,

Test Room Preparation

Only the ribbon gas burner, cable tray and cable and
thermocouple were Inslide the test roam. All pliping, elecirical
and instrumentation connections exited the room via sealed
penetrations, All room openings were sealed with the
exception of a louvered opening on the main door to the room.

During the test two exhaust hood ventilation fans were kept
running, which kept the room at a sllight negatlive pressure
with respect to the rest of the test laboratory area. This
caused alr flow from the test laboratory area tc the test
roam, via a 2' X 2' louvered opening In the door. The smoke
was exhausted to the outside through the main bullding
vent!latlion system and ductwork (a smoke detector In the maln
ventilation ductwork was bypassed to avold automatic shutdown
of the ventllation system)., The volume of the room Is 2487
cublc feet,

11



6.4

6.5.

Each of the three tests were video taped using a czcorder
located outside the test room. The filming was performed
through glass observition windows In the test room.

Power Surcly

The capability of the 170 VAC, 60 HZ. power supply was
checked by connecting a direct zhort clrcul” acrots “p. | wwer
supply and mwasuring the momentary short clrcult cucrent,

The current was recorded at %#9.9 amperes usina a okl
Digital Tong Set.

The power supply to the test specimen was comne:tcd through
a clrcult breaker to protect the test laboratory
Instrumentation. The cable lengths were short (less than
10') and therefore cable resistance had negligable effect on
the current supply.

Test Clrcult Connectlon

The clrcult connections for tests numbers 1 and 2 are shown
In Flgure 3, The Laslc clrcuit Is a voltage divider
network, Two (2) reslstances are In series. One (1)
resistance Is a fixed value resistance load, which provides
two functlions:

1) Voltage Input to the analyzing recorders
2) Limits the fault current to below 50 amperes

The voltage Input to tie recorder was proportional to the
current flow through “~e circult., Initlally there was no
current flow due to the series resistance of the undamaged
cable Insulaticr, which Is on the order of a hundred megohms,
As cable Insuitatior flame damage occured and the reslstance
drocped, a voltage proportional to leak:,&¢ current through
this resistance developed across the flxed resistance 12ad
box.

Reslstance values of the load box were set and measured
prior to the tes: along with megolrmeter measurements of the
cable Insulation reslistance. All connectlons weire made and
checked Including operation of the analyzer prior to the
test.

After the data from the test was collested and analyzed,

manual calculatlions were performed t~ verlfy the Interna!
nrogram used to calculate leakage resistance and current.

12



6 5

The clrcult connect!lons for test number 3 Is shown on Flgures
10 and 11, The test circuit was set-up to simulate a
ccordinated breaker ¢ fuse pane'! arrangement. Each of
elght (¥8) energized cables were ceparately fused and all ., ere
supplled tnrough a cammon clircult breaker,

4 current-to-mi1livolt transducer was wirec In series with
each clrcult and used to measure leakage current due to
cable Insulation camage from the flame source, The output
from each transducer was conrccted to a data logger., Total
current through the circuit breaker was measured with a
clamp on ammeter ard connected to the data logger. The Data
Logger hed a scan rate of 10 channels/second.

The Data Logger was connected via a) RS232 Interface modemn
InLerface to an IBM-FC, Data from the test was & floppy disc,
thr ugh this Interfa a an? stored for future ~nailysis.

Data was collected at a 1 second scan rate frem the beginning
of the test to the conclusion., The test was concluded 2 tei
the majorit of the clrcults shorted axd thelr fuses falied as
& result of f..me damage.

Test Sequence

Test monitoring and data collection for .he three ‘i ame
tests was automated. The only manually recordeu dats
was the following:

2 Test room amblent temperature

2: Reslstor load box value

3 Time requiraed to trigrer analyzer (Only for Tests 1
axd 2)

b, Total fiame test time
During each test the temperature of the flame source was
observed contlnuously along with the power supp'y 1ine
voltage.

For test nurber 1 and 2, the following sequence - g

6.6.1 Record the anblent room temperature.
6.6.2 Measure the reslistance cf the load box,
6.6.3 Connect the test specimen to the power supply

voltage source,

i3
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ENERGIZED CABLE

(CODE 125-09516)

4/C #12 (CODE 125-09512)
1/C #12 (CODE 125-09508)
CABLES ARE RANDOMLY INSTALLED IN THE TRAY TO SIMULATE FIELD
CONDITIONS.
CABLE IS LOOPED IN THE TRAY,_ SO THAT BOTH ENDS OF THE CABLE
ARE ON THE SAME SIDE OF THE TRAY,
PER CENT TRAY FILL IS 28.5%,
FIGURE NO. 4
TEST NO. 1 AND 2

CABLE INSTALLATION AT FLAME AREA
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MODEL 3655
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FIGURE NO. 5

TEST NO. 1 AND 2
ANALYZING RECORDER PROGRAM
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LEAKAGE CURRENT (AMPS.)

~

10

un
|

4.88A
508

un

wn
!
LS

0.0 4000, Oms

TIME AFTER TRIGGER OF RECORDER (MILLISECONDS)

SCAN RATE: 0.5 MILLISECONDS
TRIGGER TIME: 10 MINUTES

FIGURE NO, 7
TEST NO, 1

CABLE [NSULATION LEAKAGE CURRENT
VS.TIME ( AFTER TRIGGER )
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LEAKAGE RESISTANCE (OHMS)
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TIME AFTER TRIGGER OF RECORDER (MILLISECONDS)

SCAN RATE: 1.0 MILLISECONDS
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(@ - EXTREME POINTS, SEE REPORT SECTION 7.2 FOR VALUES

FIGURE NO. 8
TEST NO. 2

CABLE INSULATION LEAKAGE RESISTANCE
VS.TIME (AFTER TRIGGER)
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LEAKAGE CURRENT (AMPS)

10

TIME AFTER TRIGGER OF RECORDER (MILLISECONDS)

SCAN RATE: 1.0 MILLISECOND
TRIGGER TIME: & MINUTES 5 SECONDS

FIGURE NO. 9
TEST NO. 2

CABLE INSULATION LEAKAGE CURRENT
VS, TIME (AFTER TRIGGER)

30

8000ms




LINE
o

4
) £8-30 (TYPE €8 1030)
CLAMP ON AMMETER
(TO DATA LOGGER)
.
=
e ]
(Vo]
(=
; 2
z ; - 10A
2 S oy @=FUSES
T
% i & < TRANSDUCERS
- il s (TO DATA LOGGER)
5 I —3 @ CONDUCTORS
= oNe () @4 CABLES
lg! |zl
=1 |+ @—FLAME AREA
tj O‘? @ CABLE TRAY
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NOTES:
1.0 - IND'%7SS 5 AMPERE TRANSDUCER TO DATA LOGGER

NUMBER [NDICATES CHANNEL INPUT,

FIGURE NO. 10
TEST NO. 3
CIRCUIT CONNECTION
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TEST

SPECIMEN

CABLES
SEE FIG. 10

CLAMP ON
AMMETER Ea ! @

- INDICATES CHANNEL NO,

SCAN RATE = 10 CHANNELS/SEC,

RS232 TO PC
DIRECTLY ONTO
FLOOPY DISC

DATA CAN BE
PRINTED AS TEXT
OR PLOTTED

FIGURE NO, 11
TEST NO 3
DATA LOGGER INTERFACE
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NOTE: TIME SCALE IS SECONDS AFTER START OF FLAME SOURCE.
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14

15

Sectlion 9.0

Fictures

Title

Test No. 1 and 2
Control Room Instrumentat|on
Rotameters, Lcad Box, Analyzing Recorder

Test No. 1 and 2
Yew Mode! 3655 Analyzing Recorder

Test No. 1 and 2
Flame Source, Cable Tray and Cable Connections

Test No. 1|
Cable Damage

Test Mo, 1
Cable Damage, Burner and Thermocouple Wire

Test No. 1
Cable Damage, Burner and "hermocouple Wire

Test No, 1
Cable Damage

Test No., 2
Cable Damage

Test No., 2
Cable Darage

Test No., 2
Cable Damage

Test No. 3
Clrcult Breaker, Fuses, Transducers
And Fluke Data Logger

Test No, 3
Electrical Cable Connections
At Cable Tray

Test No. 3
Cable Damage In Flame Area
Top of Tray

Test No. 3
Cable Damage

Test No, 3
Cable Damage and Burner
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Plcture No, (Cont'd) Title (Cont'd)

16 Test No., 3
Cable Damage and Burner

17 Test No, 3
Cable Damage
18 Test No, 3

Cable Damage, Burner and
Melted Conductor

19 Test No, 3
Channe! #10 Cable

20 Test No., 3
Channe! #l4 Cable

21 Test No, 3
Channe)l #15 Cable

r
"N

Test No, 3
Channe! %11 Cable

23 Test No, 3
Channa! #16 Cable

24 Test No, 3
Channe! 412 Cable

25 Test No, 3
Channe! 413 Cable

26 Test No, 3
Channe! %18 Cable
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Equipment

Rotameter
(Gas)

Rotameter
(Alr)

Air-Gas
venturi
Ml xer

R ibbon
Burner

Analyzing
Recorder

Digital
Thermometer

True RMS
Multimeter

Manufacuurer

Brooks

Brooks

Amer ican
Gas Co.

Amer ican

Gas Co.

YEW

F luke

Fluke

Section 11.0

List of Data Accuisition Instruments

Model No.

1110-08D2ALQ

1110-09K3ALQ

14-18

1614

3655

2190A

8060A

ID No.

21-0173

21-0174

38-0078

52-2086

57-5946

Range

0-286,000
BTU/HR.

0-650
SCFH

216/1N2

Guage Press

10"

See

Manual

See

Accuracy
* 2% RDG

* 2% RDG

I+

0.25% FS

I+

0.25% FS

I+

0.5%
+ 10 counts

10-6-88

10-6-88

5-4-88

2-16-88

6-15-88
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Equipment
Megger

Digital Tong
Set

True RMS
Multimeter

True RMS
Multimeter

Data :oqgger

Resistive
Load
Box

Resistarce

Bridge

Digital
Thermometer

Manufacturer

Bliddle

Hiokl

F luke

Fluk=

Fluke

States Co.

L+N

Filuke

Section 11.0

List of Data Acqulisition Instruments

Model No.

3206

8062A

8060A

22808

33536

5300

2190A

ID No.

32-1953

01-0131

57-5943

$7-5946

24-C00k

33871

09-1917

52-2086

Range

Accuracy

50,000 MEGOHM * 1 Div.

See Manua!

“e& Manual

See Manual

See Manu.>|

120-240 VAC
7200 Watts

.001-1 MEG.

See Manual

See Manual

I+

0.5%
+ 10 Cown: ;

I+

0.5%

Loop
Cal ibrated
11-9-87

By
Resistance
Measurement

1L 2

0.15% RDG.

.

0.25°F

Cal. Expire
11-8-87

2-25-88

4-4-88

6-1%-88

6-23-88

2-16-88



