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ACCDEN SIULAIONSECTION V 

ACCDEN SIULAIONAND POST-TEST FUNCTIONAL TEST 

I 1.0 REQUIREhMNTS 

I 1.1 AccidomI Simulation 

The test specimens shall be subjected to the Accident Simulation (LOCA) 
specified in Paragraph 3.10 of Section V11.  I 1.2 Post-Tast Functional Test 

The test specimens shall be subjected to a Functional Test upon completion of 
the Accident Simulation (LOCA). The Functional Test shall be performed as 
specified in Paragraph 3.11 of Section VII.  

I 2.0 PROCEDURES 

I 2.1 Tast Setup 

I A *trial 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 pressure 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 
simulation, which required chemical spray, was performed using a DI water 5 solution.  

2.1.2 Test RSeelinm PremarAd..  

I ~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 U loads were prepared by TVA technician personnel before mounting the cable 

tasIn the tat chamber. 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 
end due to visible cracks In the silicone rubber insulation. The first six Inches 
of cable on both ends of each specimen was considered not to be a part of the 
test specimen as documented in Paragraph 2U of Section VII.  
TVA personnel used new Tefsel cable ties to secure the test specimens to the I ~cable trays. The cable ties were also musd to secure the test specimen splices and test leads to tke inclined section of each cable tray. The splices and test 
leads of the cable trays were secured to prevent damage to the test specimens 5 during Insmallation Into the test chavaber.  

W"u A I ~*NN"mii 046"
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PROCIDUMS (Coindaeso) 
Test Setup (Ceadamed) 

Test m~elmu 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 
weire powered as listed below:

VII. The test specimens 

Test Correst (A)

RWC-S-A.40 
RWC-S9.340 
RWC-S-C.40 
RWC-S-D.40 
RWC-S-E.40 

RWC-W-A.40 
RWC-W-B.40 
RWC-W-C.40 
RWC-W-D.40 
RWC-W.E40 

ANA-S-A.40 
ANA4.3B.40 
ANA-.SC.40 
ANA-S-D.40 
ANA-S-E.40

The applied voltage to all of the test specimnws 
toleance for voltage and current as follows:

Voltage 
current

was 305 VAC with allowable

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

L.1.

The test specimen circuits were monitored and recorded as specified In 
Paragraph 3.10.5 of Section VII. The monitored channels on the Data 
Acquskition Systen (DAS) were as follows:.

2.1.2

2.1.3

Amps 
Amps 
Amps 
Amps 
Amps

1S Amps 
1S Amps 
15 Amps 
15 Amps, 
IS Amps

Amps 
Amps 
Amps 
Amps 
Amps

wyig 1



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

Thermocouple No.  
inches of top center

2 mounted within 
of Cable Tray OA

Thermocouple No. 3 mounted within 2 
inches of bottom center of Cable Tray *A 

Average Temperature of Thermocouple Nos.  
1, 2, and 3 

Chamber Pressure 

Chemical Spray Flow 

Circuits 1 through 15 Applied Voltage 

Circuits I through 15 Current 

Circuits I through 15 Specimen Leakage

Chemical spray PH was monitored and recorded hourly during the 24-hour 
period 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 
requested 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 &and was used to generate th plots of var ious parameters 
versus time. The DAS line printet operated during the test program at thes 
print rate listed below:

Zrist at 

10 seconds, 
I minute 

10 minutes 
10 seconds 
0 miSnuts 

IS minetes

TInt Tim. lasovax.1 

7 minutes 
22 hoorn 45 OIL 
2 hours 40 mW.  
5 Mimi"ue 
4 hours 30 min.  
525 Wonr 30 sin.

ON-U 
Initiate ramp 

End ehem. spray 

To end of test

W"wA rnn 
wowIs* Poo"
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LIA
PROCEDURES (Costlrnied) 
Test Soetp (C..tlaued) 
HmAiAs1dA (CO11tlaued4)

2 

3 

4 

S 

6 

7.21 

22-36 

37-51

PSIG 

GPM 

VAC 

Amps 

=Amps

Dnerletlem



Page No. V.41 
Test Report No. 1805-1 

2.O PROCIEDUlIS (Coatlamd) 

2.2 Pro-Test Wet Imsulatlou Resistance MeasurementsI 

2.. Inita~ial Ts 

The test specimens were subjected to insulation resistance measurements while 
submerged in the test chamber. The measurements were taken by applying 500 
VDC for 1 minute before the reading of the resistance between each conductor 
(specimen. splice. and test lead out of the chamber) and chamber ground.  
During the insulation 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.  

2.L.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 insulation resistance measurement readings were repeated approximately 
48 hours after draininbi the chamber.  

The test specimens were subjected to an additional Insulation Resistance TestI 
before opening the accident chamber. The test occurred approximately 72 
hours after droainig the chamber. At the Customer's request. the test chamber 
was opened and Cable Tray C (RWC Watts Bar 40-year specimens) was I 
removed. Upon removal of the cable tray, the test chamber was sealed and 
flooded. Insulation resistance measurements were then repeated for the test 
specimens mounted is Cable Trays A and L 

L.3 Acc~dent Exposm, 

The test specimens of Cable Trays A and E were powered with the requiredI 
voltage and current and were subjected to steam to stabilize at 1049F for a 
miuniu of 30 minutes Upon stabilization, the test specimens were subjected 
to the Accident profile as specified Is Figure 2 of Section VIL The peakI 
conditions of 3427F at IS P110 were achieved within 30 seconds and the 
chamber temperature &and pressure were varied as necessary to envelope them 
required profile The specimens were subjected to chemical spray atE 
approximately 75 minutes into the Accident Simulation and remained on for 24W 
hoors and 22 minutes from that point. The chemical spray flow rate 
requirement of 7.0 gallons per minute (OPM) was determined from the 0.3 
GPM Per 14uare foot test requirement specified in Paragraph 3.10.7 of SectionI 
VIL The area of chemical spray coverage was determined to be approximately 
23 fgt 

intermittent voltage level fluctuations in the 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 
S hours sand 30 msnuses.
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2.0 PROCEDURES (Continued) 

2.4 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 3.3.1 of Section VII.  

3.0 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 Trays A and E were subjected to the Accident Simulation and Post-Test 
Functional Test of Paragraph 2.0. Results of the test specimens' performance 
are presented is~ khe following paragraphs.  

3.1 Test Setup 

3.1.1 Chamb er Calibration 

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

3.1.2 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.  

3.1.3 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.  

3.2 Pre-Test Wet Insulation Resistance Measurements 

Notice of Anomaly Number 2 documents the low resistance values recorded 
during the pre-test wet insulation resistance measurements. The low resistance 
values were recorded for Test Specimens RWC-W-C.40 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 
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3.0 RESULTS (Continued) 

3.2 Ire-Test Wet Insulation Resistance Measurements (Continued) 

Notice of Anomaly Number 2 is presented in the Appendices of this Section.  
The Data Sheets generated during the insulation resistance measurements are I 
also presented in the'Appendices of this Section.  

3.3 Accident Exposure 

All of the test specimens of Cable Trays A and E successfully mai~ltf ned the 
applied voltage and current throughout the Accident Test. Leakage ;urrents 
remained within monitoring equipment tolerance leVels on all specimen circuits 
except Circuit No. I (RWC-S-A.40) which reached a maximum recorded -peak 
leakage of 9 milliamps. A plot of the recorded leakage currents for Circuit 
Nos. I through 5 and I I through 15, inclusive, are presented in the Appendices I 
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 printout 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 losses, 
the test specimens experienced out-of-specification conditions. A conservative U 
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
DDE aging temperature of ' 50OF (+9, -0) deg F. The test specimens remained I powered during the additional test time.  

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 increased 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 in the Appendices 
of this Section.  

Photographs of the specimen preparation, accident test setup, test equipment, 
and thermocouple locations are presented in the Appendices of this Section.  

3.4 Post-Test Functional TestI 

The Date Sheet generated during the Insulation Resistance Measurement Tests 
is presented In the Appendices of this Section. Photographs of the test I specimens in the cable trays upon completion of the Post-Test Functional Test Visual Inspection are also presented in the Appendices of this Section.1 

WYLI AETU
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3.0 RESULTS (Continued) 

3.4 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 asbestos 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 asbestos 
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 good 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 material 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.  

3.5 Appendices 

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

* Appendix I 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 Anomaly 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 III contains a typical wiring diagram for each of the 
test specimen circuits of Cable Trays A and E.  

0 Appendix IV contains Computer Plots V-I through V-6 for the 
*trial run* and V-7 through V-26 for the Accident Simulation 

(LOCA). Typical 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 Visual Inspection.  

0 Appendix VI contains Data Sheets generated during Insulation 
Resistance Measurement Testm 

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

I: 
I 
I 
I 
U 
I 
I 
I 
I 
I
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NO'.11E NO: .2... P.O. NUMBER: N/A CONTRACT NO: TV-73743A 

CSOE: Tennessee Valley Authority WYLE JOB NO: 18056 

NOTIFICATION MADE TO: Kent Brown NOTIFICATION DATE:- 12/07/Ag .3 NOTIFICATION MADE BY: 'T. Walter VIA: Inl person 

CATEORY: 0 SPECIMEN CC PROCEDURE (3 TEST EQUIPMENT ANOMALY: 12-03-88 

* PART NAME: Silicone Rubber Insulated'Cables PART NO. KS-500 

TEST: Accident Simulation (LOCA) I.D. NO. RWC-W 40-year 

SEIIAIN LP18057, IPR 01 PARA.NO. 3.10 rn REQUIREMENTS: 
After placing the test specimens, mounted in their respective cable trays, in the Accident 
Simulation Chamber, wet insulation resistance measurements shall be performed while the Ispecimens are submerged.  

U DESCRIPTION OF ANOMALY: I 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.  

IDISPOSITION -COMMENTS.- RECOMMENDATIONS: 

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 

representative for Watts Bar Power Plant, at an equivalent age of 40 yiears.  IUpon 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.  

I MMT,. IT 18 THE CUSTMERS RESpONSISIUTy To ANALYZE ANOMAUU AND COMPLY WITH 10 CPR PART 21.  

I V9R1FICATIOM PROJECT ENGINEER:VA H.N#, Al I 

TEST WTNESW Kent Brown/Don Arp PROJECT MANAGI IREPRESNT~iG: - TVA CCJA INATION: ______________ 

GUALITY ASSIJRANCLf-Jhi'A*PTKI*AAA.. 21, _____________

pa" _.I_ el 2W* Pam WN "M ftv. J" In
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' Notice of Anomaly No. 2 
J/N 18056 
Fag* 2

oEtinal Tes

11/30/88 Post-Specimen Preparation 
(prior to installation in 
test chamber) 

12/03/88 Submerged JR 
(specimens mounted in 
flooded test chamber) 

12/03/88 Insulation Resistance 
(specimens mou-anted in 
test chamber - readings 
taken after -Jraining~chamber)

.12/05/88

Medim

Water 

Water 

Air

Insulation Resistance 
(specimens mounted in test 
chamber - readings taken 
approximately 48 hours 
after draining chamber)

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

Recored atka 

4.OElO ohms 
1.4E12 ohms 

1.1E7 ohms 

9.5E5 ohms 

2.0E7 ohms 
1.8E6 ohms

1.4ES ohms @ IOY 
C.OW ohms

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

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

4.0E7 ohms 
3.OE5 ohms @ lOOV 
1.0E6 ohms 
l.ES ohms

All remaining 40.year cable specimens not listed above maintained 
insulation resistance values in excess of 1.OEI I ohms during all 
functional tests.

-1
I 
S 
I 
I 
I
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The test profile shall be 
1 50OF (+9, -0) deg F.  
prof ile.

extended by 5 hours 30 minutes at the post-DDE aging temperature of 
The test specimens shall remain powered during the extended test

NOMt IT IS TNE CUSTOMES hE1P@NISINUTY TO ANALYZ ANOMALIE AND COMPLY WITH 10 CFR PART M1.  

VERIFICATION: PROJECT ENGINEER: 

TEST WIT NESS NIA PROJECT MANAGR: 

REPRESENTING:~ 212 N~i ~ dA&GT~L_____ 

alUALITY AGSCURANCL, (6; a 'h! 

woo Few WN WS" Ris JAN is PusW.
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NOTICE OF ANOMALY ecember 30, 1988 

NOTICE NO: 3.2.. P.O. N'YIUER: N/A - - CONTRACT No: TV-73743A 

CUSTOMER: T~nnessee Valley Authority WYLE JOB NO: 18056 

NOTIFICATION MADE TO* Kent Brown NOTIFICATION DATE. 1228A 

NOTIFICATION MADE BY: T. Walter viA. Telephone 

CATEGORY: 0 SPECIMEN M PROCEDURE 03 TEST FOUIPMENT ANOMALY: 12/28/88 

PART NAME- SiioeRbe.IsltdCbe PART No. KS-500 & CC-2 193 Nuclesil 

TEST: Accident Simulation (LOCA) I.D. NO. RWC-S & ANA-S 40-year 

SPECIFICATION: WLQP 18057, JPR 01 PARA. No. 3.10.4 

REQUIREMENTS:, 

The test specim,:.as shall be powered continuously throughout the Accident Simulation with an 
applied voltage of 305 (+10, -0) VAC. Individual 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 indicatc:d that the test specimens 
experienced out-of-specification voltages and chamber tempera ture/pressure. The out-of
specification conditions were dete'rmined to be the result of power supply line voltage 
fluctuations at the test facility and power losses.  

DIS1POSITION - 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.
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NOTICE OF ANOMALY DATEt 
Taur 2.18

NOTICE No: 4...L. P.O. NUMBER: N/ACONTONRACT NO: TY-73743A 

CUSTOMER. Tennessee Valley Authority WYLE JOB NO: 1 p056 

NOTIFICATION MADE TO: Kent Brown/Don ArD NOTIFICATION DATE: 01 125/1 

NOTIFICATION MADE BY: T. Walter VIA. In person 

DATE OF 
CATEGORY: 0 SPECIMEN G PROCEDURE 0TEST EQUIPMENT ANOMALY: 12/09188 

PART NAME' Silicone Rubber Insulated Cables PART No. KS-500 & CC-2 193 Nuclesil 

TEST: Accident Simulation (LOCA) 1.D. 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 IT IS THE CUSTOMERS RESPONSIBILITY TO ANALYZE ANOMALIES AND COMPLY WITH 10 CPA PART IM.

VII UPICAION:PROJECT ENGINEERm: 

TEST WITNESS: N/A PROJECT MANAGER1; 

RE1PRESENTING: N/A ________________ 

QUALITY ASSURANCE: .&M~~_______________

WOOs 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 

E~mifm~mu 9mrJi2,cSA- %IA. _ ...-

JOB NO.  

SPECIF CAT O-OILQ2~L cIS0~o57-00 
n&f zC,-7- f3

i~U U U

DESCRIPTiON. MANUP. PARTIMI

Palo 'Ne. V-19 
Test Report No. 18056-1 

CHECK AS APPROPRIATE 

DElL NO.

- f-12 

- t~~-IZ. TAw. A.-_ _ __ _ _ _ _ __ _ 

- g-lu -O G 

TwjA~~~ %cTA W 

1~~ - -4 

AM- 

- C t~o Ia.- cA1 e ._ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ 
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