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Tensile Data Figures 8 and 9 show the degradation in tensile elongation with increasing dose and time, 
respectively, for the silicone rubber insulations.  The degradation in tensile elongation to ~50% 
occurs rather quickly (< 3,000 hrs and ~105 kGy) at 100 °C.  

Fig. 8 - Ultimate tensile elongation data for silicone rubber cable insulations aged at 100 °C and 
~39 Gy/hr provided by CNEA.

Fig. 9 - Ultimate tensile elongation data for silicone rubber cable insulations aged at 100 °C and 
~39 Gy/hr provided by CNEA.
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Fig. 1 - Ultimate tensile elongation data for Anaconda Densheath EPR cables returned from 
HFIR at ORNL (~45 yrs of age, Tavg ~27 °C, RH ~70%) which were further aged at varying 
temperatures.  
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Fig. 3 - Ultimate tensile elongation data for A) Anaconda Densheath EPR cables returned from 
HFIR at ORNL (~45 yrs of age, Tavg ~27 °C, RH ~70%) and B) accelerated aging data for 
Anaconda Durasheeth EPR cable data [4].  
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3.3 Cable from Zion Nuclear Power Station

A short length of suspected Okonite Hypalon/EPR cable was obtained from the 
decommissioning Zion Nuclear Power Station.  The tensile elongation and density were 
measured to be approximately 240 % and 1.45 g/cm3, respectively.  It is important to note that 
the tensile and density measurements were performed on the bonded jacket and insulation at the 
same time as they could not be separated; this complicates any comparison to other data sets.  
Regardless of this testing configuration, significant tensile elongation remains in the materials.

Not having any environmental history of the cable makes it difficult to perform an aging 
assessment. Furthermore, knowledge that the cable was in a submerged environment adds an 
extra layer of complexity to the issue that is outside the work scope of this program.  Future SNL 
effort may involve revisiting this particular cable, but under a revised work scope or alternative 
funding source. 

1) Given that NRC is obtaining numerous cables from the Zion plant, I don’t think it is the best use of 
taxpayer money to reproduce the work they are doing. Sheila and Stephanie are on the right path and 

more than capable of testing those cables. I would be happy to be involved (advice/counsel discussion 
about data/how to further age/etc.), but don’t see the point in also obtaining samples and reproducing 

their work. What is most important is that the work is done, not who does it. In the unlikely case that 
things drop out for NRC (funding cut), let me know and I will try to convince Jeremy (probably an easy 
sell) that we would want to take those samples and continue that work.

Robert Bernstein, G. V. W. I., Mathew C. Celina, John L. Schroeder, Patricia S. Sawyer, Derek J. Wichhart, Amy Garner, Guillermo A. Mata, and Kenneth T. Gillen "LWRS Year End Report -
Cable Aging Research at SNL, Organic Materials Science Department," SAND#2013-7998P, 2013.
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Westinghouse PWR Environmental Data

Thank you Drew Mantey and EPRI for passing this information onto our team!Thank you Drew Mantey and EPRI for passing this information onto our team!



Total Integrated Dose to 60 years

Andreychek, T. “PWR At-Power Dose Survey:  Summary and Conclusions” ASTM D33 Committee Meeting,  June 11, 2001

10 kGy

1 kGy

0.1 kGy

100 kGy

Reported dose rates were extrapolated to total integrated dose after 60 Effective Full Power Years.

Highest 60 year EFPY dose was ~350 kGy
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Table 1: Data Table from EPRI (courtesy Andrew Mantey)
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a substantial effort was devoted over the past year to put together a literature review with the 
tentative title “Review of Important Issues that must be considered when Condition Monitoring 
Techniques are Applied to Nuclear Power Plant Safety Cables”. This document is nearing 
completion (the current version contains more than 70 Figures) and is expected to be finished in 
the early part of FY14. 

The first issue has to do with the potential importance of diffusion-limited oxidation (DLO) 
when accelerated aging exposures are utilized to correlate CM measurements with mechanical 
deterioration.  Very few of the CM documents have focused on the effects of DLO on the 
correlations between CM parameters and mechanical degradation (e.g., elongation).  With this in 
mind, we intend to show how DLO can alter such correlations and offer some guidance on how 
one can estimate and, if necessary, confirm which experimental aging conditions are likely to 
cause DLO effects for several important generic cable insulation and jacketing materials 
(chloroprene and CSPE jackets, EPR/EPDM and XLPE/XLPO insulations).  

Robert Bernstein, G. V. W. I., Mathew C. Celina, John L. Schroeder, Patricia S. Sawyer, Derek J. Wichhart, Amy Garner, Guillermo A. Mata, and Kenneth T. Gillen "LWRS Year 
End Report - Cable Aging Research at SNL, Organic Materials Science Department," SAND#2013-7998P, 2013.
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Highlights of Work FY14Highlights of Work FY14

Finish work with ArgentinaFinish work with Argentina

Finish Finish HFIRHFIR workwork

Complete Complete Gillen Condition Monitoring ReviewGillen Condition Monitoring Review

Work to Work to ––SIMPLYSIMPLY-- document conditions in plantdocument conditions in plant

Work with ‘others’ to understand concernsWork with ‘others’ to understand concerns

Work Work to retrieve field aged cables (aside from Zion)to retrieve field aged cables (aside from Zion)

New thought process: cable systems as opposed to New thought process: cable systems as opposed to 
cable insulation?cable insulation?
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FY14 Thoughts FY14 Thoughts --Pseudo DetailPseudo Detail
1.1. WorkWork towardtoward modelmodel validationvalidation viavia fieldfield returnedreturned cablecable materialsmaterials..

1.1. VisitVisit ZionZion withwith NRC/DOENRC/DOE toto identify,identify, andand workwork toto retrieveretrieve fieldfield cablescables --CompletedCompleted.. DecisionDecision mademade NOTNOT toto pursuepursue ZionZion cables,cables, lettingletting NISTNIST taketake leadlead
herehere

2.2. ReceiveReceive ControlControl rodrod drivedrive mechanismmechanism (CRDM)(CRDM) cablescables (after(after healthhealth physicsphysics approvalapproval atat SNL)SNL) andand performperform baselinebaseline testingtesting andand proposepropose pathpath forwardforward
onon anan assessmentassessment ofof thethe serviceservice cablescables --NeedNeed toto followfollow upup whenwhen findfind thethe timetime

3.3. WorkWork withwith EPRIEPRI (Drew(Drew ManteyMantey)) toto receivereceive somesome ofof theirtheir fieldfield agedaged cablescables --NeedNeed toto followfollow upup andand keepkeep tryingtrying toto getget anyany cablescables hehe cancan provideprovide
4.4. WorkWork withwith UniversityUniversity ofof ConnecticutConnecticut andand DrewDrew ManteyMantey toto retrieveretrieve reactorreactor agedaged samplessamples --TheseThese mightmight notnot bebe thethe opportunityopportunity originallyoriginally thoughtthought..

ReportsReports sentsent byby Drew,Drew, SNLSNL needsneeds toto followfollow upup

2.2. Continue/FinalizeContinue/Finalize HFIRHFIR AnacondaAnaconda DurasheathDurasheath CableCable AgingAging forfor serviceservice cablescables (current(current datadata isis agedaged outout toto 125125 days)days) andand putput outout finalfinal reportreport (UUR(UUR peerpeer
reviewedreviewed publication,publication, withwith theirtheir blessing)blessing) ––PersonalPersonal milestonemilestone forfor FYFY1414;; needneed toto finishfinish thethe workwork

3.3. FinalizeFinalize collaborationcollaboration withwith CNEACNEA (Argentina)(Argentina) onon SiRSiR cablescables.. PerformPerform somesome limitedlimited testingtesting (gel(gel analysis,analysis, possiblypossibly radiationradiation studies,studies, andand IRIR studies)studies) andand
publishpublish paperpaper jointlyjointly underunder thethe USUS--ArgentineArgentine BEWGBEWG (UUR(UUR PeerPeer reviewreview publication)publication) (This(This datadata isis applicableapplicable toto USUS SiRSiR Cables)Cables) ––PersonalPersonal milestonemilestone forfor FYFY1414;;
needneed toto finishfinish thethe workwork

4.4. BecauseBecause ofof successsuccess withwith CNEACNEA andand IAEAIAEA meeting,meeting, exploreexplore possiblepossible collaborationcollaboration withwith Koreans,Koreans, andand CanadiansCanadians toto broadenbroaden thethe USUS networknetwork --SubmittedSubmitted
proposalproposal withwith Koreans,Koreans, needneed toto followfollow upup withwith themthem.. NeedNeed toto talktalk toto withwith CanadiansCanadians becausebecause ofof theirtheir indenterindenter workwork.. WillWill trytry toto makemake timetime forfor this,this, butbut notnot
suresure highhigh enoughenough onon prioritypriority listlist givengiven otherother taskstasks..

5.5. ContributeContribute minorminor supportsupport toto thethe IAEAIAEA CRPCRP onon CableCable Aging,Aging, possiblypossibly attendattend nextnext meetingmeeting

6.6. ContinueContinue restoration/restoration/ modernizationmodernization ofof radiationradiation facilitiesfacilities (LICA)(LICA) andand thenthen ageage XLPOXLPO,, EPR,EPR, andand SiRSiR cablescables inin LICALICA whichwhich relaterelate toto cablescables inin radrad
environmentsenvironments --LICALICA hashas aa thermalthermal “event”“event”.. SomeSome samplessamples werewere lostlost.. WorkingWorking toto havehave independentindependent overover--temperaturetemperature controlcontrol..

7.7. WorkWork withwith EPRIEPRI (Drew(Drew ManteyMantey)) toto translatetranslate existingexisting datadata toto applicableapplicable knowledgeknowledge forfor USUS utilitiesutilities forfor rad/thermalrad/thermal environmentsenvironments (this(this activityactivity maymay taketake intointo
FYFY1515 dependingdepending uponupon whenwhen EPRIEPRI publishespublishes theirtheir data)data).. ––ReallyReally needneed toto findfind thethe timetime toto makemake thisthis aa prioritypriority inin FYFY1414..

8.8. ParticipateParticipate inin professionalprofessional meetingsmeetings whenwhen cancan attendattend (e(e..gg..,, EPRIEPRI CableCable UsersUsers Group,Group, AmericanAmerican NuclearNuclear Society,Society, IEEEIEEE ICCICC,, etcetc..))

9.9. HostHost regularregular DOE/NRC/EPRIDOE/NRC/EPRI meetingsmeetings toto discussdiscuss detaileddetailed cablecable datadata (radiation/thermal/and(radiation/thermal/and submerged)submerged) andand areasareas ofof interest/overlapinterest/overlap betweenbetween thethe variousvarious
groups/programsgroups/programs

10.10. AttendAttend JointJoint LWRSLWRS--EPRIEPRI LTOLTO CableCable R&DR&D MeetingMeeting

11.11. ReleaseRelease memo/reportmemo/report onon thethe radiationradiation testingtesting concernsconcerns withwith regardregard toto locationlocation inin LICALICA facilityfacility (a(a concernconcern raisedraised inin FYFY1313)) ––PersonalPersonal milestonemilestone forfor FYFY1414

12.12. ContinueContinue developmentdevelopment ofof potentialpotential newnew oxygenoxygen consumptionconsumption methodologymethodology (equipment(equipment purchasedpurchased inin FYFY1313))

13.13. ExploreExplore possibilitypossibility ofof researchresearch areasareas withwith MatMat CelinaCelina (SNL(SNL)) ––meetingmeeting setupsetup forfor midmid OctoberOctober

14.14. WorkWork closercloser withwith KevinKevin SimmonsSimmons atat PNNLPNNL toto assetasset withwith hishis rejuvenationrejuvenation projectproject;; provideprovide insightinsight learnedlearned fromfrom thethe NRCNRC programprogram
––InitiatedInitiated thatthat collaborationcollaboration.. ProvidingProviding agingaging expertiseexpertise..
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Asking for frank feedback….Asking for frank feedback….

From an operator or regulator perspective….From an operator or regulator perspective….
(keeping in mind DOE as funding source)(keeping in mind DOE as funding source)

What is the next big thing we can/should tackle?What is the next big thing we can/should tackle?

What would we need to address to ‘end’ concerns on cable What would we need to address to ‘end’ concerns on cable 
insulation?insulation?

Where are there still concerns with regard to cable insulation?Where are there still concerns with regard to cable insulation?

Are there Are there significantsignificant areas that are lacking work?areas that are lacking work?

Who cares and is going to use this information….and Who cares and is going to use this information….and 
how are they going to use it?how are they going to use it?
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