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POSTmTEST FUNCTIONAL TEST



10
11

12

2.0

21

2.12

h anol etetsrta¥gads (0 tﬁe Incline

Pape No. V-1
Tat Report No. 180S6-|

ACCDHNJLAIONSECTION V

ACCHIENLAIONAND POST-TEST FUNCTIONAL TEST

REQUIREhRMNTS
Accidoml Simulation

The test specimens shall be subjected to the Accident Simulation (LOCA)
specified in Paragraph 3.10 of Section V11,

Post-Tast Functional Test

. bjected to a Functional Test upon completion of
the Accident_Simulation (L A{ _The Functional Test s aldP be per ormeg as
specified In Paragraph 3.1

The test specimens shall be 8?,
of Section VII.

PROCEDURES
Tast Setup

ANrid run' accident simulation was performed in the tat chamber which
encompassed the first four hours of the required profile. The *trial run* was
conducted to verify the actual temperature and ﬁressure capabilities of the test
chamber. Dummy loads were placed In the chamber to approximate actual
volume and mass of the test specimens. The period of the *trial run' accident
swPli_Iatlon, which required chemical spray, was performed using a DI water
solution.

Test RSedlinm PremarAd..

~The test specimens of Cable Trays A, C,and E, were spliced to the test leads

using uninsulated butt splices and Raychem WCSF.N heatshrink tubing. The
test leads, butt splices, and heatshrink tubing were provided by Tennessee
Valley Authority (TVA). The splices between the cable specimens ‘and the test
loads were prepared bk/) TVA technician personnel before mounting the cable

tasin the tat champer. The small cable lengths of Cable Trays A and E

weeused to familiarize the technicians with the test speimen material.
Several of the. test specimen lead ends were cot beck from the original lead
en(y due to vqs,lbtle creﬁ:is In the SCI1|IC0ne rubber ?n_su?a{(lon. The flrstg5|x Inc%es
of cable on bhoth ends of each specimen was considered not to be a part of the

test specimen as documented in Paragraph 2U of Section VILI.

TVA personnel used new Tefsel cable ties to secure the test specimens to the

T IS 20, A0 o S, e Senen, sl

leads of the cable trays were secured to prevent damage to the test specimens
during Insmallation Into the test chavaber.
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PROCIDUMS (Coindaeso)

Test Setup (Ceadamed)
Teselmu PMUatlem. (Comtism"d)

Before mounting the specimen cable trays in the chamber, the test specimens
were submerged in a water bath and Subjected to an Insulation Resistance
Functional Test. The cable trays were then mounted in the test chamber and
the test lead chamber penetrations were sealed per Wyle Laboratories standard

practice.
xLaectirial eel.tanidvdacrut

Each test specimen in the program was connected
typical Of the circuit shown in Figure 3 of Section VII. The test specimens
Weire powered as listed below:

Test Correst (A)

RWC-S-A.40 Amps
RWC-59.340 Amps
RWC-S-C.40 Amps
RWC-S-D.40 Amps
RWC-S-E.40 Amps
RWC-W-A.40 1S Amps
RWC-W-B.40 1S Amps
RWC-W-C.40 15 Amps
RWC-W-D.40 15 Amps,
RWC-W.E40 | SAmps
ANA-S-A.40 Amps
ANA4.3B.40 Amps
ANA-.SC.40 Amps
ANA-S-D.40 Amps
ANA-S-E.40 Amps

The applied voltage to al of the test specimnws was 305 VAC with allowable
toleance for voltage and current as follows:

Voltage +10. -0 VAC
current +10%. -0% of specified value

The test specimen circuits were monitored and recorded as specified In
Paragraph 3105 of Section VII. The monitored channels on the Data
Acquskition Systen (DAS) were as follows..



Pagp No. V-3
Test Report No. 18056-1

PROCEDURES (Costlrnied)
Test Soetp (C..tlaued)
HmAIAsLdA  (CO11tlauedd)

Dnerletlem

Thermocouple No. | mounted within
inches of top center of Cable Tray OE

2 Thermocouple No. 2 mounted within
inches of top center of Cable Tray OA
3 Thermocouple No. 3 mounted _within 2
inches of bottom center of Cable Tray *A
4 Average Temperature of Thermocouple Nos.
1,2,and 3
S PSIG Chamber Pressure
6 GPM Chemica Spray Flow
7.21 VAC Circuits 1through 15 Applied Voltage
22-36 Amps Circuits | through 15 Current
37-51 =Amps Circuits | through 15 Specimen Leakage

Chemical spray PH was monitored and recorded hourly during the 24-hour
eriod in which the chemical spray was present. The Data Acquisition SYstem
DAS) was used to monitor the environmental channels, applied voltage,
current, and leakage on each of the specimen circuits. The DAS displayed
rguested 12formation on a Color monitor, fed a high-speed line Printer, and
fed a Hewlett Packard (HP) Model 1000 minicomputer. The HP 1000 stored
data on hard disk &andwas used to generate th plots of various parameters
versus time. The DAS line printet operated during the test program at thes
print rate listed below:

Zrist at Tint Tim. lasovax.1 ON-U

10 seconds, 7 minutes Initiate ramp

| minute 22 hoorn 45 OIL

10 minutes 2 hours 40 W,

10 seconds 5 Mimi"ue . End ehem. spray
OmiShuts 4 hours 30 min,

| Sminetes 525 Wonr 30 sin. To end of test

W' wA
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20 PROCIEDUIIS (Coatlamd)
2.2 Pro-Test Wet Imsulatlou Resistance Measurementsl|
2. Inita~idls

The test specimens were subjected to insulation resistance measurements while
submerged in the test chamber. The measurements were taken by applying 500
VDC for 1minute before the reading of the resistance between éach conductor
Be.umen. sPhc. and test lead out of the chaﬁnber and chamber romgpd

_rln? the Tnsulation resistance measurements, the test chamber was flooded
with tap water to a level which assured that the test specimens, splices, and

test leads were submerged.
2L.2 A& Uitlimal Test

Insulation resistance measurement  readings were repeated on the test
specimens, splices, and test leads after the accident chamber had been drained.
At the Customer's request, the test specimens were left in the accident chamber

and insulgtion resistance measurement readings were repeated roximatel
48 hours arter drr%gnsltn I the c?ﬁ?mber. g P an y

The test specimens were subjected to an additional Insulation Resistance Testl
before opening the accident chamber. The test occurred approximately 72
hours after droainig the chamber. At the Customer's request. the test chamber

PR e oo rera OFthecable tray, The e diaiion TSIy 4%
flooded. Insulation resistance measurements were then repeated for the test
specimens mounted is Cable Trays Aand L

L.3 Acc~dent Exposm,

The test specimens of Cable Trays A and E were powered with the required|
voltage and current and were sibjected to steam to stabilize at 1049F for a
miuniu  of 30 minutes Upon stabilization, the test specimens were subjected

' i ifi Lqur |

Sontitons oF"s RS FEBOR'Tert® AR Sl & sebngs” B TRS
chamber temperature &and pressure were varied as necessary to envelope them
required a{aroflle ~The specimens were subjected to chemica spray atE
approximately 75 minutes into the Accident Simulation and remained on for 24WwW
hoors and 22 minutes from that point. The chemica spra%/ flow rate
requirement of 7.0 galons per minute (OPM) was determined from the 0.3
GPM Per 14uare foot test requirement specified in Paragraph 3.10.7 of Sectionl
;/?’Il_quhe area of chem%tal gray coverage was determir?gdaﬁ)o be approximately

intermittent voltage level fluctuations inthe test rag.inty power supply caused

. oueofspelfcasonvoltage sand temperature/pressure levels.  These out-of.
specification condition were accounted for by extendiag the total test time by

Shours saind 30 msnuses.
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PROCEDURES (Continued)
Post-Test Functional Test

Upon completion of the Accident Simulation Test, the test specimens of Cable
Tray A and E were subjected to a Post-Test Functional Test. The Functional
Test was performed as described in Paragraph 2.2.1 of this Section.

Upon completion of the Post-Test Functional Test, the test specimens were
removed from the accident chamber and subjected to a visual inspection. The
Post-Test Functional Test visual inspection was performed as specified in
Paragraph 331 of Section VII.

RESULTS

The test specimens were subjected to the specimen preparation and the pre-test
insulation resistance measurements of Paroigraph 2.0. The test specimens of
Cable Trg?/s A and Ewere subjected to the Accident Simulation and Post-Test
Functional Test of Paragraph 20. Results of the test specimens performance
are presented is~khe following paragraphs.

Test Setup
Chamber Calibration

Computer-generated plots of the environmental data reco~rded during the "trial
ru"arepresented in the Appendices of this Section.

Test Specimen. Prmparatio.

The test leads, butt splices, and heatshrink tubing provided by TVA were
received by Wyle Laboratories and documented on a Test Inspection Sheet.
The descriptions of the equipment provided by TVA are presented in the
appendices of this Section.

Electrical Powtrin. and Monitorng.

The test specimens of Cable Trays A and E were connected to typical circuits
as presented in the appendices of this Section.

Pre-Test Wet Insulation Resistance Measurements

Notice of Anomay Number 2 documents the low resistance values recorded
during the pre-test wet insulation resistance measurements. The low resistance
vaues were recorded for Test Specimens RWC-W-C40 and RWC-W-D.40 of
Cable Tray C. The accident chamber was drained and the insulation resistance
measurements were rcpeated immediately after draining and at specified
intervals. At the Customer's request, Cable Tray C was removed from the
Accident Chamber and discontinued from the -test program. The pre-test wet
insulation resistance measurements were repeated on the test specimens of
Cable Trays A and E,and testing was continued.

WYLI LAUOSTOWU
Huntsville eollilY
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RESULTS (Continued)
Ire-Test Wet Insulation Resistance Measurements (Continued)

Notice of Anomaly Number 2 js presented in the Appendices of this Section.
The Data Sheets generated during the insulation resistance measurements are
aso presented in theAppendices oOf this Section.

Accident Exposure

All of the test specimens of Cable Trays A and E successfully mai~Itf ned the
applied voltage and current throughout the Accident Test. Leakage ;urrents
remained. within monitoring eﬂuzi]Bment_tolerance leVels on_ all specimen circuits
except Circuit No. | (RWC-S-A.40) which reached a maximum recorded -peak
leakage of 9 milliamps. A plot of the recorded leakage currents for Circuit
Nos. | through 5and Il through 15, inclusive, are presented in the Appendices

Data Sheets indicating the chemical spray solution PH and flow were
generated during the 24-hour period of chemical spray. The chemical spray
PH, Flow Data Sheets, and a typical gorintout of the data monitored by the
DAS are presented in the Appendices of this Section.

Notice of Anomaly Number 3 documents the extension of the post-DBE aging
period. As a result of power supply line voltage fluctuations and power |0Sses,
the test specimens experienced out-of-specification conditions. A conservative
estimate of the test time expended was determined to be 5 hours and 30
minutes. The test profile was extended by 5 hours and 30 minutes at the post

Bc[))V\[/EergJ n&%pﬁg%i t% 0 go%st(??mé.o) deg F. The test specimens remained

Notice of Anomaly Number 4 documents the out-of-specification PH level of
the chemical spray solution during the Accident Simulation (LOCA). The PHI
level of the solution was incr above the specification (plus tolerance) near
the end of the chemical spray period. 7he PH level was not consideredU

detrimental to the test specimens over the short period remaining in theE

chemical spray test.
Computer-generated plats of the Accident Simulation profiles (required and

actual), including the Post-DDE Aging period, are presented inthe Appendices
of this Section.

Photographs of the specimen preparation, accident test setup, test equipment,
and thermocouple Ioggtions arepp‘?pesented in the Appendices OF% this S?i:tiopn.

Post-Test Functional Testl
The Date Sheet generated during the Insulation Resistance Measurement Tests

IS presented | n the, Appendices of thjs. Sectipn, tQor of th
%)Fsgj&]eps In the ca%lep sr eggﬁ{] edpcl)rrq %tl n oP he g't = S?Cl{nct!imaia fg

nspection are aso ppendices 0 10N

WYLI AETU
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RESULTS (Continued)
Post-Test Functional Tast (Cautioned)

Observations recorded during the Post-Test Functional Test visual inspection,
with the test specimens mounted in the cable trays, are presented in the
following paragraphs.

Cable Tray A was noted to have test specimens in a degraded condition. Ash
coloring was most prevalent on the ashestos braided jacket material of Test
Specimen B. Test Specimens C and D showed indications of rust having
impregnated the jacket material near the metal surface of the cable tray. The
Wyle-supplied metal identification taps on the test specimens were degraded
and partially destroyed due to the chemical snray during the test. The ashestos
braided jacket materials showed no indication of expanding or loosening
around the silicone rubber insulation of the test specimens.

Cable Tray E was noted to have test specimens in as%OOd condition.  Ash
coloring was very uniform on the top side of the asbestos braided jacket
material for Test Specimens B, C, D, and E. Tast Specimen A was noted to
have a dark black jacket material. TVA identification tags were not legible on
Test Specimens C, D, and E. The Wyle-supplied metal identification tap on
the test specimens were degraded and partially destroyed due to chemical spray
during the test. The asbestos braided jacket materia showed indications of
having absorbed moisture during the Accident Test. The fibers of the jacket
material were swollen and tight around the silicone rubber insulation of the
test specimens.

Appendices

The data recorded during this phase of the test program is presented in
Appendices | through VII of this section as noted below:

* Afppendix | contains Notices of Anomaly Nos. 2. 3, and 4. Notice
of Anomaly No. 2 documents removal of Cable Tray C from the
test program. Notice of Anomaly No. 3 documents additional
test time added to the post-DDE aging period of the Accident
Simulation Test. Notice of Anomay No. 4 documents an out-of.
specification PH level of the chemical spray solution during tht
Accident Simulation Test.

0 Appendix 11 contains Equipment Inspection Sheets for the TVA
supplied components used during test specimen preparation.

0 Appendix 11l contains a typical wiring diagram for each of the
test specimen circuits of Cable Trays A and E.

0 Appendix |V contains Computer Plots V-l through V-6 for the
*trial run* and V-7 through V-26 for the Accident Simulation
(LOCA). Typica fline printer outputs and chemical spray PH
and Flow Date Sheets are also presented.

WYULMT
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RESULTS (Continued)

Appendices (Continued)

*

Appendix V contains Photographs V-1 and V.2 of the 'trial run'
test setup. Photographs V-3 th~rough V-8 show the test specimens
of Cable Trays A. C, and E during the specimen preparation.
Photographs V-9 through V-15 show the test specimens and
equipment during various stages of the Accident Simulation Test
Setup. Photographs V-16 through V.19 show the test specimens
during the Post-Test Functional Test Visua Inspection.

Appendix VI contains Data Sheets generated during Insulation
Resistance Measurement Testm

Appendix VIl contains the Instrumentation Equipment Sheets
required for the Accident Simulation (LOCA) Test- and the
Insulation Resistance Measurement Tests.

WW ~UuU
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APPENDIX |
NOTICES OF ANOMALY
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WrE Test Report No. 18056-1
NO'LIENO: .2... P.O.NUMBER; N/A CONTRACT NO: TV-73743A
CSOE: Tennessee Valley Authority WYLE JOBNO: 18056
TIFICATION MADETO:  Kent Brown NOTIFICATION DATE:- 12/07/Ag
IFICATION MADE BY: 'T. Walter VIA: Inl person
CATEORY: O SPECIMEN  CCPROCEDURE (3TEST EQUIPMENT ANOMALY: 12-03-88
*  PART NAME: Silicone Rubber Insulated'Cables PART NO. KS-500
Accident Simulation (LOCA) 1.D. NO. RWC-W 40-year

r [TAIN L P18057, IPR 01 PARANO. 3.10
Rm MENTS:

After placing the test specimens, mounted in their respective cable trays, in the Accident
|S gmmensn Chamber, wet insulation resistance measurements shall be performed while the
are submerged.

HSCRIPTION OF ANOMALY

During the wet insulation resistance measurement test, Cable Specimens RWC-W-C.40 and
RWC-W-D.40 exhibited low resistance values, the test chamber was drained and additional
insulation resistance tests were conducted. The data recorded for in~sulation resistance testing

of the specimens is as presented in the table on the following page.

IDISRQSLIHIN

At the Customer's request, thc, Accident Chamber was opened on December 07, 1988 and Cable
Tray C was removed. Cable Tray C contains Rockbestos (RWC) cable specimens, identified as

|U eérﬁsentative for Watts Bar Power Plant, at an equivalent age of 40 yiears.
p removal of the Watts Bar cable specimens, the remaining cable specimens will be

subjected to a repeat submerged insulation resistance test a-4 the test program continued.

| MMT,. IT18 THE CUSTMERS RESpONSISIUTy To ANALYZE ANOMAUU AND COMPLY WITH 10 CPR PART 21.

| VOR1FICATIOM PROJECT ENGINEER:VA H.N#, Al |

|REP7RESNTETG Kent Brown/Don Arp PROJECT MANAGI
TVA CCJA INATION:
GUALITY ASSIJRANCLT-Jhi'A*PTKI*AAA.. 21,

W* PamWN"M ftv.J" In pa' _.l_d 2
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'Notice of Anomaly No. 2

J/N 18056
Fag* 2
oEtinal Tes Medim
11/30/88 Post-Specimen Preparation Water
(prior to installation in
test chamber)
12/03/88 Submerged JR Water
(specimens mounted in
flooded test chamber)
12/03/88 Insulation Resistance Air
(Specimens mou-anted in
test chamber - readings
taken after -Jraining~chamber)
.12/05/88 Insulation Resistance

(Specimens mounted in test
chamber - readings taken
approximately 48 hours
after draining chamber)

12/06/88 Insulation Resistance
(Specimens mounted in test
chamber .- readings taken
prior to opening chamber
to remove Cable Tray C)

RWC-W-C.40
RWC-W-D.40

RWC-W-C.40
RWC-W-D.40

RWC-W-C.40
RWC-W-D.40

RWC-W-C.40
RWC-W-D.40

RWC-W-A.40
RWC-W-C.40
RWC-W-D.40
RWC-W-E.40

Recoredatka

4.0EIO ohms
1.4E12 ohms

11E7 ohms
9.5E5 ohms

2.0E7 ohms
1.8E6 ohms

1.4ES ohms @ I0OY
C.OW ohms

4.0E7 ohms
3.0E5 ohms @ 100V
1.0E6 ohms
|.ES ohms

All" remaining 40.year cable specimens not listed above maintained
insulation resistance values in excess of LOEl | ohms during all

functional tests.

— — —(n—
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S NOTICE OF ANOMALY ccerter 30, 1988
NOTICE NO: ~ 3.2.. PO. N'YIUER: N/A - -  CONTRACT No: TV-73743A

S CUSTOMER: T~nnessee Valley Authority WYLEJOB NO: 18056
NOTIFICATION MADETO*  Kent Brown NOTIFICATION DATE. 1228A
NOTIFICATION MADE BY:  T. Walter viA.  Telephone
CATEGORY: O SPECIMEN ~ MPROCEDURE 03 TEST FOUIPMENT ANOMALY:  12/28/88
PART NAME- SiioceRbe.|sltdCbe PART No.KS-500 & CC-2193 Nucles|
TEST: Accident Simulation (LOCA) ID.NO.  RWC-S & ANA-S 40-year
SPECIFICATION: ~ WLQP 18057, JPR 01 PARA.No. 3.104
REQUIREMENTS:,

The test specim,..as shall be powered continuously throughout the Accident Simulation with an
applied voltage of 305 (+10, -0) VAC. Individua specimen circuits shall be powered at 15 or
20 Amps (+10%, ou%), as anplicable.

DESCRIPTION OF ANOMALY:
Review of the Accident Simulation data printout sheets indicaic:d that the test specimens
experienced out-of-specification voltages and chamber temperature/pressure.  The out-of

specification conditions were determined to be the result of power supply line voltage
fluctuations at the test facility and power losses.

DISIPOSITION - COMMENTS.- RECOMMENDATIONS:

A conservative estimate of test time expended during low voltage levels and out-of
specification chamber temperature/pressure was determined to be 5 hours 30 minutes.

The test profile shall be extended by 5 hours 30 minutes at the post-DDE aging temperature of

150?]7 (+9, -0) deg F. The test specimens shal remain powered during the extended test
profile.

NOMt ITISTNE CUSTOMES hEIP@NISINUTY TO ANALYZ ANOMALIE AND COMPLY WITH 10 CFR PART ML

VERIFICATION: PROJECT ENGINEER:
TEST WITNESS NIA PROJECT MANAGR:
REPRESENTING:~ ~  2UA&GFFL___
AUALITY AGSCURANCL, (6;a 'h

woo Few WN WS" Ris JANis Pusw.
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NOTICE OF ANOMALY DATTE;%J 218
NOTICE No: 4L P.O. NUMBER: N/ACONTONRACT NO: TY-73743A
CUSTOMER. Tennessee Valley Authority WYLE JOB NO: 1p056
NOTIFICATION MADE TO: Kent Brown/Don ArD NOTIFICATION DATE: 01 125/1
NOTIFICATION MADE BY:  T. Walter VIA,  In person

DATE OF

CATEGORY: O SPECIMEN G PROCEDURE OTEST EQUIPMENT ANOMALY: 12/09188
PART NAME' Silicone Rubber Insulated Cables PART No. KS-500 & CC-2 193 Nuclesil
TEST: Accident Simulation (LOCA) LD. NO. RWC-S & ANA-S 40-year
SPECIFICATION: ~ WLQP 18057, IPR 01 PARA.No. 3.10.7
REQUIREMENTS:

The chemical spray PH requirement for the Accident Simulation shall be 8.35 (+1, -0) at 250C.

DESCRIPTION OF ANOMALY:

At approximately 22 hours into the 24-hour chemical spray requirement, caustic was added to
the chemical spray solution in order to increase the PH level. The resulting PH level was
measured to be 9.5.

DaSPOSITION - COMMENTS.- RECOMMENDATIONS:

The out-of-specification PH level was considered to be nominal compared to the chemical
spray PH requirement. The remaining period of chemical spray at the elevated PH level did
not appear to cause adverse effects upon the test specimens.

NO~T  ITISTHE CUSTOMERS RESPONSIBILITY TO ANALYZE ANOMALIES AND COMPLY WITH 10 CPA PART IM.

Vil UPICAION:PROJECT ENGINEERmM:
TEST WITNESS: N/A PROJECT MANAGERY,
REIPRESENTING: N/A

QUALITY ASSURANCE: .&M~~

WOO0s PesM ww IWg  ~AN. I Powg -Li *I
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APPENDIX 11
EQUIPMENT INSPECTION SHEET
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TEST .6P-GAIIM INSPECTION 7o Renort No. 18056-1

CHECK AS APPROPRIATE

E~mifm-mu omriz.csa- YA
JOBNO.

SPECIF CAT 0-0ILQL c1S0~057-00
n& fzC,-7- f3

fim DESCRIPTION,

f-12

t~~-IZ. TAW.  A-_

glu 9]

TwjA~~~

AM-

c 0 la.- cAl ¢

- &r MT 3
oaTrmuL AM-€

""AeMi Faoed tkab.A
SpeelMe  Pemed
NOA WulMMs~

MANUP. PARTIMI DEIL NO.
N awkL 1 10-b-ft
w1iBw4"y4 a.ME.:
shee2t

Anppwed kt! Awagi



TEST G6PGIMIN INSPECTION

CUSTMER Tkmrs.s & ,ckr4r
JOBNO. I SOSO
VECIFICATION \04L (),P 1 b051 -00
DATE to- ?A-BIN
ffu ’
DESCRIPTION. MANUF.
pliky& -
No.-
'$11$~~ IMF
4.0 X  Soo 4F r Ls
4L~ oW
-74151A/EM 4’
&~-S 4F__ -
pmeePamtd
1A
hOou ANdmy

show N&.

hsooom BY LL4 )Q2LJ(=,,,
W
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CHECK AS APPROPRIATE

PARTIM( DEL NO.

10-E

0A&

QZALS
Date:
- of |
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APPENDIX 1l
TYPICAL ACCIDENT TEST SETUP
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TRANSFORMER
20A A 550:6.3 VOLT

120 VAC, 7‘ ‘ LL\/ DAS

CHAMBER WALL T.Ba.

T.B.
on 4 O SPECIMN
T

OA $100:5 CT

20A

120 VAC,

100AMP 100 AMP
OR 20 AMP  CURRENT
VARIAC  TRANSFORMER  120:*6.3 VOLT

d~AC/DC CONVERTER
~1000R 20 AMP VARIAC PER 5 ISOLATION TRANSFORMERS

A ISOLATION TRANSFORMER - 120:600 VOLT
A~MULTI-TAP CURRENT TRANSFORMER S20 OR 5:25

TYPICAL TEST SETUP
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