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EPRI Cable Program Mission Statement

Support implementation of members’ cable system aging management programs

and perform research that supports cable reliability through end of plant operation

Specify, Purchase

Install

Cradle

www.epri.com

Operja_tlons Prioritize ’
Diagnostics )

Analytics

Remediation/
Replacement

Focus should be on the
condition of cables in
“Adverse Environments”
because those are the ones
that may need to be replaced.
If they are good, the ones in
benign environments will be
good.
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State of Research Discussion
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Cable Aging Management

= Research exist to support aging management programs
= Program implementation guidance is available

= Knowledge Retention to maintain expertise of changing workforce
— Cable User Group and Cable Training
— Cable Polymer Handbooks’

= Better understanding cable operating environments
= Improved Condition Monitoring methods are being developed
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Existing EPRI Cable Research

Cable Aging Management

Condition Monitoring-

Stressor/Degradation Modes-MV
Cable Failure Mechanism
Research

Mitigation-
Life cycle management
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Aging management program
implementation guidance and
harvesting guide

Test applicability matrix:

Tan Delta test evaluation:
Effects of Withstand Test on MV
Cable

Evaluation of wet aging of various
MV cable types,

MV Cable Polymer Handbook

End of life guide for MV cable and
accessories
Black EPR Rejuvenation
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3002000557, 1021070
3002002994

1022969
3002005321, 1025262
3002010591

1018777,1021069, 1022965,
1024894, 3002000554,
3002002993, 3002005323
3002005322

1025259

3002000551
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Cable Aging Management Guidance

= Aging management programs per EPRI, NRC,
INPO, and IGALL guidance are being
implemented worldwide to:

— ldentify and monitor cables in adverse
environments

= Leading indicators compared to cables in
mild locations — bounding for cables in
milder environments

= Cables in mild environments are expected to be
reliable > 80 years

— Focus on condition of cables in “Adverse

Environments” because those are the ones that may
need to be replaced
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Safety Reports Series

Ageing Management for
Nuclear Power Plants:
International Generic

Ageing Lessons Learned
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Program Guide

Electric Cable
Reliability

lowVoltage and Instrumentation and Contrel
Cable Aging Management Guide, Revision 1

© 2020 Electric Power Research Institute, Inc. All rights reserved.


http://www.epri.com/

Cable Aging Management Program- What is it?

Entire Plant Cable
Population

Cable Supporting
Maintenance Rule
functions, License
Renewal

Commitments, etc

Cables
subjectedto
submergence

Cables subject
to hot spots”
and radiant
energy

Cables with
hot
conductors or
splices

.

Cables to be assessed
by the Cable Aging
Management Program

Scope

" Includes adverse environments such
as chemical and radiation
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Degradation Stressor of Cables

Heat/Ambient Water/Treeing Electrical Stress
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Aging Concerns Low vs Medium Voltage

Low Voltage Medium Voltage
= Major concern = Electrical stress induced
— Thermal >50° C degradation
— Radiation >2000 KGy - Water treeing
= Lesser concern/more rare — PDin splices or
. terminations
— Chemical

e = Lesser concerns
— Polymer stability in water

- UV (just sunlight?) - Thermal

-~ Thermal/radiation
— Ohmic heating
— Chemical
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Cable Aging Management (continued)

Periodically assess cables in adverse environments

= Low voltage cables = Medium voltage cables
— Visual/tactile examination — Visual/tactile examination
— Surveillance testing — Tan delta testing (wet, shielded
— Insulation resistance (wet) cables)
— Frequency domain reflectometry — Insulation resistance (wet, non-
(dry) shielded cables)
— Review operating experience - Review operating experience

Key Takeaway

Assessing and performing condition monitoring of a relatively small population of cables in adverse
environment allows plant operators to manage a large population of cables that are in benign environments.
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Cable Aging Management (continued): On-Going Program

Act
Replace cables and

Perform forensic
analysis

Check
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Develop Aging
Management Based
on Best Available
Information

|

Aging

upgrade applications |, Management

Program

Monitor
Temperatures and
Radiation Levels

A 4

Monitor Condition of
Cables/Obtain
Experience
Information
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Knowledge Retention

ELECTRIC POWER
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Cable User Group and Aging Management Courses

= Cable User’s Group
— Meets every January to discus
= Implementation status of aging management programs
= Operating Experience and Case Studies
= Research Updates and Technology Transfer
= Training
— Low voltage and Medium Voltage Courses
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Knowledge Retention — Cable Polymer Handbooks

= Cable polymer guides

Cable Polymer Material Handbook—
Instrument Cable
3002013173

Final Report. December 2018

EPRI Project Manager
A Mantey

Al or a porbion of the requirements of the EPRI Nuckear
Quallty Assurance Program appiy to this product.

- &

ELECTRIC POWER RE:

SEARCH WSTTIUTE
A3 Hillvians Avarusm, Paka ko, Calforsis S004-1 308 - PO fox 55472, Falo Ak, Dalibnis BI0I-0813 . L8A
B0 TTA - (50852 T - muboaprieprd o= wewaprcom

14 wWww.epri.com

Cable Polymer Material
Handbook—Low Voltage Power
and Control Cable

3002010637

Final Report, August 2017

EFRI Project Manager
A Mantey

“All or a portion of the requirementis of the EPRI Nudear
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Plant Engineering: Cable Polymer
Handbook — Medium Voltage
Insulations

3002005322

Final Report, December 2015

EFRI Project Manager
A Mantey
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Polymer Handbooks

= Capture knowledge of

Polymer types
Manufacturing methods
Installation

Degradation stressor
Walkdowns

— Testing
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Understanding Operating Environments

—
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Oberatina Environments

Plant
40-Year
TLD TLD Dose TLD TLD TLD Nermal Material
Radiation Rate 40-Year B0-Year 80-Year Radiation Suitable
Menitor Meniter Location Elevation Installed Result Rad Rad'hr. Dose Rad Dose Rad Dese Rad Dose Rad EXCEPT
No. Building Description Level Period (Gy) (Gy/hr) Gy) (Gy) (Gy) (Gy) for:

C1 Contzinment | Inside Pressurizer Cubicle, MainTop | 10M6/2015 1.70E+01 1.27E03 4 ATE+O2 6. 70E+02 8.93E+02 9.60E+05 MNi& — Al
attached to Conduit fo 2472017 | (1.70E-01) | (1.27E-05) (4 ATE+00} | (B.TOE+DQ) | (B.93E+00) | (9.60E+03) | Suitable
2EFC2ANBX25, next to
Conduit 2E7C3ABRR22.

2 Containment | Inside Pressunzer Cubicle, Main/Top | 10M6£2015 1_20E+01 8.99E-04 J.15E+02 4 TIE+02 6.J1E+02 9.60E+05 MiA — All
Morth side fo 4242017 | (1.20E-01) | (B.99E-D8) (315E+00) | (4.73E+00) | (8.32E+00) | (9.60E+03) | Suitable

C3 Containment | Outside North side of Main/Top | 10162015 1.20E+01 9.07VE04 J18E+02 4 TTE+02 6.J6E+02 G9.60E+05 MNi& — All
Pressurizer Cubicle, near box fodMS207 | (1.20E-01) | (9.07E-D8) (3.18E+00) | (4.77E+00) | (6.36E+00) | (9.60E+03) | Suitable
2EZCIABKRI0G which is
near Safety Injection Tank.

C4 Containment | AtSlValve 2JSIAHVEDS, Main/Top | 10/24/2015 1.00E-02 TE0EO7 26TE-M1 4 00E-01 5.33E-01 G9.60E+05 MNia — All
below Box 2EZCIDAKKI0Z, fo 4242017 | (1.00E-04} | (7.60E-D9) (267E-03) | (4.00E-03) (5.33E-03) (9.60E+03) | Suitable
near Safety Injection Tank.

] Containment | At bend of cable fray MainTop | 1192015t | 5.00E+02 J92E-02 1.37TE+4 206E+04 2.75E+04 J.50E+06 MNi& — Al
2EFCNTLCE 42412017 (5.00E+00) | (3.92E-04) (1.37E+02) | (2.06E+02) | (2.75E+02) | (3.50E+04) | Suitable

Ce Containment | On Cable Support Structure MainTop | 11972015t | 1.00E+03 T91E02 2TTE+4 4 16E+04 5.54E+04 J.50E+06 MNi& — Al
SW comer 41972017 (1.00E+01) | (7.91E-04) (2TTE+02) | (4.16E+02) | (5.54E+02) | (3.50E+04) | Suitable

7 Containment | On Cable Support Structure Main/Top | 11/%205% | BA0E+02 6.40E-02 2.25E+04 JATE+04 4 49E+04 J.50E+06 MiA — All
SE comer 4192017 (8.10E+00) | (6.4DE-04) (220E+02) | (3.3TE+02) | (449E+02) | (3.50E+04) | Suitable

C8 Containment | Afbend of cable fray MainTop | 1192015t | 290E+02 22TE02 T96E+03 1.19E+04 1.59E+04 J.50E+06 MNi& — All
2EZCIBNTLBBE A242017 (290E+00) | (2.2TE-04) (796E+01) | (1.19E+02) | (1.59E+02) | (3.50E+04) | Suitable

ca Containment | Just below cable tray MainTop | 1192015t | 1.90E+02 1.49E-02 5.22E+03 TB3E+03 1.04E+04 J.50E+06 MNi& — All
2EFCIACTYAL 42472017 (1.90E+00) | (1.49E-04) (5.22E+04) | (V.BAE+01) | (1.04E+02) | (3.50E+04) | Suitable

10 Containment | On Cable Support Struchure MainTop | 1192015t | 7.80E+02 6.17E-02 2.16E+04 J24E+04 4 32E+04 J.50E+06 MNi& — Al
NW corner 41972017 (7.B0E+00) | (6.1TE-D4) (216E+02) | (3.24E+02) | (4.32E+02) | (3.50E+04) | Suitable

i1 Containment | On Cable Support Structure MainTop | 1192015t | 9.50E+02 T51E02 263E+04 J95E+04 5.2TE+04 J.50E+06 MNi& — Al
ME corner 41972017 (9.50E+00) | (7.51E-04) (263E+02) | (3.95E+02) | (5.27E+02) | (3.50E+04) | Suitable

C12 Containment | Afbend of cable fray MainTop | 1192015t | 2.00E+02 1.57E-02 2A9E+03 8.24E+03 1.10E+04 J.50E+06 WA = All
Z2EZCNTEAB 42412017 (2.00E+030) | (1.57E-04) (949E+01) | (B.24E+01) | (110E+02) | 3.50E+04) | Suitable
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Condition Monitoring Techniques
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Condition Monitoring Techniques

MV Cable Condition Monitoring : ne LV Condition Monitoring Tools

=»Visual/Tactile

= |nsulation Resistance (wet
insulation only)

= Indenter

= Frequency domain
reflectometry (FDR)

CCIC
H |
..........

= Good tools exist for global evaluation of MV shielded cables

= LV cable condition monitoring needs better tools

- Methods exist for localized defects, but all insulation types are not covered or
access is required for data acquisition

* Frequency Domain Reflectometry
= Dissipation Factor (tan &)

* High Potential Testing

» Partial Discharge

D0 20 0 400 500 e0n A0 edoain
Cstance from ghart (e

No global tool to evaluate Low Voltage cables like

tan-delta for Medium and High Voltage cables.
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Condition Monitoring for Medium Voltage Cables

Phage & Surmmary; 0,1 HE, B2 nF

= Tan delta/withstand oVl

Srd. Die

testing of medium voltage "R e | e

Std. D SOOE-3

cables

Phage C % S0OE-3

. o % ;:j: | Action required|
— ldentifies degraded TR |
insulation and indication of
most splice and termination

0.1 Hz Dissipation Factor at Operating Voltage (tangent delta)

degradation = SN ANAN TR AR AR R RN AN

_ . s DORMMRNMARRN AN R RN

— Correlates with AC 25 BN \b\\wuﬁi\m%

breakdown testing of good NI DI
and degraded cables = BEERERa
T R EARXX RN Good fRRRK

SE-3

e : AR

[
dE-3 T
m" 4 8 12 ' 16 '° 20 = 24 * 28 ¥ 32

AC Breakdown Voltage/Operating Voltage (V/V )
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Improved Condition Monitoring

= Research is indicating
that low frequency

Long-Term Operations: Initial

] Tan § (UST)
10"

1 1 - wtlpes SP1422 200V
dielectric : S Al 6)- B

r SP6089 200V

spectroscopy (tan ooty

- wtfpe SP7163 200V

delta for low voltage

cable) will provide =1 e e L:\

similar results for low o

identifying low T

voltage cable e e e e
. Fre_.(?ur\e_h?cy (Hz)

degradation - '
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Future Improvements

= Condition Based Qualifications
- MAI/TEAM - Polyage model of degradation to evaluate remaining life
— SNERDI — Condition based qualification of cable demonstration
= On-line/Continuous Monitoring
— Spread spectrum time domain reflectometry
— Distributed temperature monitoring
= Update of aging management guides
— Incorporate DOE research on EMDA gap research results?

— NRC condition monitoring research results?

= Operating experience identified research needs
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Summary
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Summary

= Licensees’ have the tools to effectively manage cable aging

= Guidance or developing and implementing aging management
programs exists and will continue to be updated

= Need to maintain knowledge level of changing work force through
training and cable polymer handbooks

= Operating conditions can be better understood through obtaining
temperature and radiation data specific to cable locations

= Condition monitoring methods exist for medium voltage cables
= Improved condition monitoring tools are being researched
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{ Together...Shaping the Future of Eleciricity
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