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SUMMARY (CONTINUED)

The second Accident Test was conducted exactly like the first Accident Test,
with the exception of (1) eliminating the long cables in the chamber to

minimize any cable insulation steam leakage affecting the test, (2) extending
the initial steam ramp to eight hours, and (3) eliminating the superheat

portion of the test. All other conditions were the same as in the first
Accident Test.

There were no problems with Modules C, D, F, K, and L during the second
Accident Test, but Module E experienced erratic behavior (low insulation
resistance) and it was necessary to reduce the voltage from 600 volts AC

to 120 volts AC to aveid blowing the 0.5 amp fuse. After the Accident Test,
an inspection of the disassembled E connector revealed a blackened area of
the insulator near Pins 9 and 12. There was also a severe cut in the insu-
lation of Conductor No. 12 under the backshell clamp. This cut could have
allowed moisture to enter the connector and cause erratic behavior of
Module E. There were no anomalous conditicns detected during the final

inspection of Modules C, D, F, K, and L.
This volume contains the following sections:
Section I = Introduction
Section II =~ Analysis of Module C, E, And L Cables and

K Module Connector after the First Accident
Test

Section III Extended Accident Test

Section IV =~ Final Inspection

REFERENCES

Wyle Laboratories' Test Procedure No. 543/6124-2/DK, Revision B,
dated 3/17/82 and Revision C, dated 4/28/82.

Duke Power Company Specification No. MCS-1393.01-00-0003, July 23, 1981,
Revisions 1, 2, 3, 4, and S.

IEEE 323-1971, "IEEE Standard for Qualifying Class lE Equipment for
Nuclear Power Generating Stations."

IEEE 317-1972, "IEEE Standard for Electric Penetration Assemblies in
Containment Structures for Nuclear Power Generating Stations.”

ANSI N45-2.2-1972, "Packaging, Shipping, Receiving, Storage, and
Handling of I*ems for Nuclear Power Flants."

Duke Power Company MCM 1361-00-0016, "Low Voltage Penetration Instruc-
tion Manual."
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REFERENCES (CONTINUED)

Duke Power Company MCM 1361-00-0017, "Instrumentation Penetration
Instruction Manual."

Duke Power Company CNM 1361-00-0010, "Low Voltage Penetration Instruction
Manual."

Duke Power Company CNM 1361-00-0011, "Instrument Penetration Instruction
Manual."

Duke Power Company IP-MCP-00l, "Test Assembly Installation Sequence."
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SECTION I

INTRODUCTION

Modules K, D, and F performed satisfactorily during the Accident Test conducted
from March 24, 1982, thru March 31, 1982, but erratic behavior (fuse blowing)

was observed with Modules C, E, And L. For details, see Volume I, Section VII.
Erratic behavior of Modules C, E, and L ceased at the end of the test when checked
at room temperature and electrical measurements could not demonstrate any problems
with any of the six modules. Subsequently, Duke Power Company directed Wyle to
extend the test program with the same penetration assembly to determine if the
erratic behavior could be isolated with a detailed analysis program or if the
erratic behavior would repeat during a second seven-day Accident Test. The
extended program consisted of three tasks as follows:

1) Conduct an analysis program on some of the cabling and
connectors that had been subjected to the tests ending
March 31, 1982, as reported in Volume I.

2) Conduct a second seven-day Accident Test with the pene-
tration assembly but with the conductors, in the chamber,
spliced at the connectors such that no long cables were
used in the chamber. (The intent was to minimize the
possibility of any cable steam leaks transmitting steam
into the connectors of the penetration assembly.)

3) Conduct a final inspection of all plug modules after
completion of the second Accident Test.

WYLE LABORATORIES

Huntsville Facility
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SECTION II

ANALYSIS OF MODULE C, E, AND L CABLES AND K MODULE CONNECTOR
AFTER THE FIRST ACCIDENT TEST

INTRODUCTION, CABLE ANALYSIS

During the first Accident Test, several conductors of Modules E, C

and L exhibited erratic behavior (low insulation resistance at times)
during the test, but returned to normal at the end of the test. Power
to the penetration assembly was supplied with long lengths of cables
located inside the accident chamber. The procedure shown below was
designed to determine whether problems were integral to the plug
connectors or to the long lengths of cable in the accident chamber.

During the first Accident Test, water was observed seeping cnt at the
conductor splice (outside the chamber) of Conductor No. 3 of Module C
and Conductor No. 6 of Module E. The above observation indicates that
the problem could be external to the electrical penetration assembly.

Cable Analysis Procedure

The following procedure was used in an attempt to isolate the precise
locations causing low insulation resistance.

Visually examine suspect cables where they enter the test chamber,
especially where they enter the epoxy pipe connection of the test
chamber. Also, visually examine cables on the outside (annulus side)
of the test chamber. Inspect cables where they enter the junction box

and feed into the coupling ring on the back of the penetration plugs.
Record all anomalous conditions.

Sever the cables of Modules C, F and L at the connectors outside the
penetration assembly (annulus side) and take insulation resisc-ance
of the section from the severed cable through the penetration assembly.

Disconnect the connectors of Modules C, E and L and take insulation

resistance readings of the short section of the severed cable and the
disconnected connector.

Prepare to open test chamber by removing epoxy pipe fitting and by
cutting the cables. Check for moisture in all leads. Record lead
numbers when moisture is detected. Take insulation resistance reading
of Modules C, E and L cables.

Remove the test chamber dome and slide the complete penetration assembly
out of the test chamber. Be sure not to drag or cut the cables in the
tank. Insure that the cables are supported off the floor and off the

bottom of the *est chamber. Take a complete set of insulation resistance

readings of cables ‘nside the chamber.

WYLE LABORATORIES
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MODULE K CONNECTOR ANALYSIS

The Module K connector was sectioned longitudinally and inspicted for
any evidence of distortion of the electrical conductors resul .ing from
thermal expansion of the grommet RTV material.

RESULTS

Cable Analysis

There was no anomalous conditions detected during the visual inspection
of the cables.

It cou;g_gggwhg_ggggxmincd by’the insulation resistance measurements
taken as described in Faragraph 1.1.2 through 1.1.10, if the low
resistance readings recorded during the Accident Test were caused by
steam/water leaks in the cables or leaks in the connectors. See
Appendix I.~1 for test data sheets.

The test, as conducted in paragraph 1.2, showed that watcr_éggid)seep
along the cables between the conductors and insulation if the cable
insulation contained an opening such as a crack. Leakage was observed
on Conductors L-8 and L-10. At this time, water samples were collected
from Modules C, E and L ', removing the sealed ends, and this water was
analyzed for the presence of boron by the University of Alabama at
duntsville. Resul:is of the analysis indicated essentially no presence
of boron. See Appendix II-2 for analysis data. '

Module K Connector Analysis

The thickness of the grommet was measured and found to be 0.230 inch
versus a new grommet thickness of 0.250 inch, and the grommet dis-

played some surface indentations indicating it had expanded some during
the Accident Testing.

The examination of the K module plug did not show problems with
extrusion of the grommet material or problems with stripping of the
conductor insulation. The attached photograph shows each half of

the accident tested K plug on the left and right. A secticn of a K
plug that had been thermally aged but not subjected to accident testing
was placed i the photograph between the accident tested K plug sections

for comparison purposes. See Appendix II-3 for photographs of the
K plug.
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June 25, 1982

Mr. Hampton Smith

Wyle Laboratories

7800 Governors Drive, West
Huntsville, AL 35806

Dear Mr. Smith:

The attached data sheet contains the results of the analyses performed
for boron in the water samples and on the inner surfaces of the cables

which you requested.

The analyses were performed by graphite furnace atomic absorpticn

spectroscopy. The water samples were run directly after acidification
with nitric acid. The cable samples were wiped down with cotton swabs
that were first dipped in 2% nitric acid. The liquid residues on the

swabs were then analyzed.

As is indicated in the data sheet the boron concentrations were all
in the low parts-per-billion range. These concentraticn levels were
very near the instrumental detection limits of the method.

At the concentrations found it is not highly probable that the boron
is from the test. It is more likely that the boron represents the
background concentrations in the distilled water and/or boron con-
tamination from sources other than the test.

Please contact me concerning any questions about the analyses.

Sincerely,
f

WA Llaad 1 S W S0
Michael W. Mullen
Research Associate

Johnson Environmental and Energy Center
University of Alabama at Huntsville

MWM:cms

Encl.: a/s



SAMPLE CONCENTRATION (MG/L)

E1L 0.027
C3L 0.036
L9LP 0.022
C3LP
L8LP
E6LP

EILP
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v |ELMPERATURL

250"

r—— CHEMICAL SPRAY

R 1S P56

1
hh 62

TIME AFTER START OF ACCIDENT TEST, HOURS

HOTES: (1) A)) steady state temperatures shall be as shown, +10°F, -0%F.

(2) Peak pressure shall not exceed 25 psig.

FIGURE I1I-2.1

ENVIRONMENTAL TEST PROFILE INSIDE CONTAINMENT




4 HOURS

TIHE AFTER START OF ACCIDENT TEST

test temperature protile shall be as close 1o the above profile as practical during
thie Lranstent

°
At ter 2400 seconds, the test temperature shall be within +157F, -0

F IGURE

kIl=2,4

EMPERATURE PROFILE COMBINED MSLB/LOCA




CONDUCTOR

1
2
3

1
2
3
4
5
6
7
8

—d b b
N - O W

VOLTAGE

€00
600
600

600
600
600
600
600
600

600
600
600
600
600
600
600
600
600
600
600
600

600
600

VAC
VAC
VAC

VAC
VAC
VAC
VAC
VAC
VAC

VAC
VAC
YAC
VAC
VAC
VAC
VAC
VAC
VAC
VAC
VAC
VAC

VAC
VAC
VAC

VAC
VAC
VAC

CURRENT

130
0
150

Amps
Amps
Amps

Amps
Amps
Amps
Amps
Amps
Amps

5 Amps

Amps
Amps
Amps
Amps
Amps
Amps
Amps
Amps
Amps
Amps
Amps

Amps
Amps
Amps




CONDUCTCR

4
S
6
7
8

9
10
1
12
13
14

1
2
3
4
5
6
7
)

el

10
1
12

120
120
120
120
120
120
120
120
120
120
120

600
600
600
600
600
600
600
600
600
600
600
600

VOLTAGE

VAC
VAC
VAC
+AC
VAC
VAC
VAC
VAC
VAC
VAC
VAC

VAC
VAC
VAC
VAC
VAC
VAC
YAC
YAC
VAC
VAC
VAC
VAC

CURRENT

0

OO O O O 0O O O O O

Uy O O O U O UV UDYDUY O"nUdnOn

Amps (+ 1 amp)
Amps
Amps
Amps
fmps
Amps
Amps
Amps
Amps
Amps
Amps
Amps

: Tolerance on 600 VAC is + 10V, and on 120 VAC + S5 VAC
Tolerances on currents are noted above and applied to each
conductor requiring that ampacity.
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FABLE 1I1-3.111

DATA

D ELECTKICAL DURING ACCIDENT TEST

MO LE

1M

INSUILATION KESISTANCE,

ge—
162 WOURS 178 MRS 202 AN
228%¥ 226YF

S~

9y

- START OF RAMP
U KIS l Lo B 24 IMAIRS 60 HOURS ) HOUKRS 114 HOUKRS 138 HOURS
g 250" 2509 250 2289 2289 224" 2268%

2=11 2-11 3-12 5-13 5-14 5-15 5-16 5-17 s
8x 10" 7. ax108 (1] o esx108(1) ox107 M} 6 sex10® 0.72x10° 1.2x108 0 ) ox107 ] 4 oo’ V)
sx10% } 5.ox108 (1] o_sx108 V) sx108 M ] 5 2x108 ) | 4. sx108 1) 3.5x008 (] 2 sx10° 2.5x106(1)
[ 125) " e 1893
£ 1x10° l.‘:l(lu(’ 0.94x106 (14 5.6X10°
WL S—

L. 3X107 A ZX10

TIME, FloM

42 HWAIKS

0.9x108 N & exio

6
SK10

. ‘J“‘n.‘z)
1‘{1 1050

25000

MICROAMPS

e




¢
3~ 1§

i )Axu"

)

H.4X10

i-;xlnb

U OIAIKS
250"

S3-1U

MODULE E ELECTRICAI

TABLE

INSULATION RESISTANCE,

I111-3.1V

DATA DURING ACCIDENT

UM

TEST

TIME,

FROM START

OF RAMP

24 HOURS
2509
2-11

42 HOURS
250%
2-12

66 HOUKS
228%
2-13

90 HOURS
226°¥
5-14

114 HOURS
226
5-15

138 HOURS
228%F
5-16

162 HOUKS

2268YF
5-17

178 HOURS
228y
S5-117

202 HOURS
95Y%
5-18

(&
%107

,95X10

6

. 9%10°

.5x10°

.4x10°

.bxlub‘l)

0.54x100 (1)

). 58x106 (1)

0.58x)0° (1)

$.0x10%

. 71%10°

. 2X10°

.0x10°

L9X10°

.5x10°

.ox10011)

4.0x100(1)

. s8x100 (1)

6&(1)
2.0x10°"

). 2K1U

7.4%10°

.0x10°

.9x108 (1)

6(1)

. 96X10

.bxluﬁll)

.6x106

.5x10°

ax108 ()

U.b4xlnh(l)

b . 68x108 (1)

ulg.',“lu“‘”

}—

37"A‘U’

7
5. 0UX10

7
i, 3X10

-.‘,xlub

.8x10°

.0X10°

.5%10%

. 5%10°

.2x10%

5.8x100 (1)

0.58x10% (1)

0. sex106 (1)

‘,v\,'_‘x]“ulﬂ

7.8x102 (1)

" :'Xlnb(“

( _nxlu"‘“

L 2x100 (1)

.ax108(1)

_sx10’ (1)

. 1%10°

0.56x108 (1)

0.53x108 (1)

. 62x108 (1)

0.ex106 (1)

3.5%X10°

.Bx10°

2.5x10°

. 2X10

5

.5x10°

.0x10°

L 0x10©

1.2x108 (1)

0. sax106 (1)

h) uunlue(l)

0. 56x10° (1)

_HIGH P

MPENT AL TEST

MICROAMPS

—

>5000

Smm‘?)

o (3)

—
s aldil

so00 (4)

5000 ()

.
5000 ()

5000 (7)

g (2)
> S000

5000 (<£)

(2)

25000

‘Jmm(J)

At 1]

00

At 50

AL O

At 100

Al

Volts, Ix
Volts, Al

Volts, Al

Volts, M

Volts, Al

(6) At
(7)) av

150 volts,
850 volts,

AC
AC
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TEST REPORT NO. 45869~1

PROCEDURE (CONTINUED)

Fluorescent Dye Investigation

A black light used to determine the presence ~: fluorescent dye, which was
mixed in the chemical spray, failed to establish any dye inside the cable

insulation or inside the module connectors.
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MICRON,

APPENDIX IV-2

INC. BORON ANALYSIS REPORT
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Report #R-5606
Rubber Cable Jackets

Mr. Hamp Smith

WYLE LABORATORIES

7800 Governors Orive West
Huntsville, AL

Date: July 7, 1982

« )
v /{:/}fﬁ% T

r. Norman E. Weston
Vice President

Approved:
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Mmicroninc.

Aralytca Servce Laboratory

Report #R-5606

Mr. Hamp Smith

WYLE LABORATORIES

7800 Gobernors Drive West
T‘.uﬂf,}'l?‘i]e, AL

Rubber Cable Jackets

Five rubber cable jackets, identified as E-1-L,

E-6-L, C-3-L, L-8-L, L-9-L plus other samples.

Perform electron probe analysis of the inner surface
of each jacket to seek evidence of boric acid residue
as per telephone conversation between W. E. Gresham
(Micron) and H. Smith (Wyle Laboratories) or A. Husseini

(Duke Power).

The inner surface of each jacket was examined optically, at
30X magnification, to select an appropriate area for analysis, i.e. an
area showing an apparent surface residue. Figure 1 shows scanning electron
micrographs of the areas which were examined. Figures 2-3 show EDXA spectra
typical of the materials studied; the method is sensitive to eiements with
atomic number above 8. Note that jacket L-8-L had high chiorine, while E-1-L
had little.

Limited spectral s for boron are shown in

was not detected in any sampled area. e low intensity




(Repcrt #R-5606 RESULTS cont'd)

for L-9-L was attributed to chlorine which was hig
samples. The sensitivity for boron is shown by the B «a peak

which was obtained from sodium tetraborate with 21.49 wt.% boron.
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Scanning Electron Micrographs (800X) of Areas
For Boron Analysis
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Duke Power Company
P.0. Box 33189
Charlotte, NC 28242

Attn: Mr. John S. Tannery
Design Engineer 1

Subject: Helium Leak Test - McGuire/Wyle Labs Snecimen

Gent lemen:

Enclosed are two copies of the helium leak test
report on the subject specimen after the two steam
exposures at Wyle Labs. As you can see, the leak
rate is well below the 10-2 std cc/sec rate allowable
after such exposure.

We have set the unit aside for the moment until
such time as we may collectively consid

testing reguirements.

fairther
€I LU 1€ 1

trulv yours,

G« 0"BRIEN4/ INC.
/ 4 |

. -

//()/J‘” :

Hilbergl P. C. ?cr1n:f;;K~
il Manager

components

1 Power Supply Co.
le Laboratoriesvw”

Perkinson




— \
A

- (LM r.
B69- ¢ (.. . -

c..% D. G. O"'B’rz'en; Iné:
“'* :

HELIUM LEAK TES

JOB. NO. 63024-0) _ TESTER Plad Zogmesgdom N\ DATE _¢

PART NO. gy PROC. No.z::ig;QZszzig_PRoC?\gé&i;_EEI,f
TEMPERATURE 7() °F HUMIDITY 50 % QA-TM- |94 -/ REV.
REQUIREMENT < [ X 10~ ° ATM CC/SEC. SENSITIVITY 9.43X/J ATM CC/SEC/DIV
HELIUM PRESSURE _ | 7. 5  PSIG.HELIUM _/Q0Q % |
VACUUM IEVEL__ . ©O/ _ MICRONS.TIME AT PRESSURE BEFORE READING___L:Z~_MIN.2
HEL. STD. LEAK S/N T- _& 3 DATE NEXT CALIBRATION S /29/54 |

|
|
|
|
|
|
|
|
|

SERIAL NO. BACKGROUND READING LEAK RATE CC/SEC |

(Liwk |Buate of Both Sides | Aons S, Aultuncously)
7740 L - . 50X 35 [ 65 x10™°

SERIAL NO. ACTUAL LEAK RATE ATM (STD.) CC/SEC.
== e ——— ————————

790 L @ffcc/éz{_égéﬁz_ 2. sRY X0 L ZL <ok

|
|
i
|
|

.

N
’

/
m.v*vrsz ot _"::,' "/j A

Approved
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