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Mr. Oliver D. Kingsley, Jr.
Senior Vice President, Nuclear Power
Tennessee Valley Authority
6N 38A Lookout Place
1101 Market Street
Chattanooga, TN 37402-2801

SUBJECT: SUMMARY OF MAY 22, 1990, MEETING ON WATTS BAP,ICABLE ISSUES

This letter refers to the meeting held at our request on May 22, 1990, in
Atlanta, Georgia. The purpose of the meeting was to discuss the status of
electrical cable issues at TVA's Watts Bar Nuclear Plant. A list of
attendees, the meeting agenda, a summary of the meeting, and a copy of your
handout are enclosed.

In accordance with Section 2.790 of the NRC's "Rules of Practice," Part 2,
Title 10, Code of Federal Regulations, a copy of this letter and its
enclosures will be placed in the NRC Public Document Room.

Should you have any questions concerning this matter, please contact us.

(Original signed by Linda Watson)

Bruce A. Wilson, Chief
TVA Projects

Enclosures:
1. List of Attendees
2. Meeting Summary
3. Handout
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ENCLOSURE 1

ATTENDEES
WATTS BAR CABLE ISSUES MEETING

MAY 22, 1990

Nuclear Regulatory Commission:

S. D. Ebneter, Regional Administrator, RII
J. L. Milhoan, Deputy Regional Administrator, RII
F. J. Hebdon, Director, Project Directorate IV, NRR
S. C. Black, Assistant Director, TVA Projects, NRR
R. C. Pierson, Assistant Director for Technical Programs, NRR
B. A. Wilson, Assistant Director for Inspection Programs, NRR/RII
R. W. Borchardt, Regional Coordinator, EDO
E. C. Marinos, Chief, Reactor Operations Branch, NRR
H. Garg, Senior Electrical Engineer, NRR
C. H. Julian, Chief, Engineering Branch, RII
M. D. Hunt, Reactor Inspector, Region II
K. P., Barr, Watts Bar Section Chief, NRR/RII
H. H. Livermore, Senior Project Engineer, NRR/RII
A. R. Long, Project Engineer, NRR/RII
M. W. Branch, Watts Bar Senior Resident Inspector, Operations, NRR/RII
G. A. Walton, Watts Bar Senior Resident Inspector, Construction, NRR/RII

Tennessee Valley Authority:

M. Brickley, Lead Electrical Engineer
K. Brown, Senior Electrical Engineer and Cable Specialist
J. Collins, Electrical Design Manager
S. Crowe, Site Quality Manager
A. Gwal, Member, Watts Bar Program Team
H. Hemmati-Arass, Electrical Field Engineer, Construction
M. Medford, Vice President, Nuclear Technology and Licensing
D. Nunn, Vice President, Nuclear Engineering
D. Peters, Site Licensing Engineer
W. Raughley, Engineering Manager, New Projects
P. Reilly, Project Manager, Watts Bar Cable Issues
E. Wallace, Manager, Nuclear Licensing, and Acting Chief Engineer
R. Wilson, Vice President, New Projects



ENCLOSURE 2

MEETING AGENDA

TENNESSEE VALLEY AUTHORITY
WATTS BAR CABLE ISSUES

MAY 22, 1990

A. Opening Remarks

B. Status of Cable Issues

1. -Issues to be Discussed:

,Cable damage due to pull-bys
Cable jammiing
Cable bend radius
Cable sidewall pressure
Cable pulling through condulets and flexible conduit.
Silicon rubber insulated cables
Cable support in vertical trays and conduits
Cable proximity to hot pipe
Unqualified cable splices
Accuracy of Computerized Cable Routing System
Amnpacity; Conduit overfill
Fire Protection cable routing

Synopsis of each issue should include:

a. Background
b. Discussion of how the Corrective Action Plan (CAP)

the issue
C. Current status of corrective actions, including

activities to evaluate or bound the issue
d. Additional plans for final resolution

addresses

any results of

Specific NRC Concerns to be addressed:

a. TVA has not commiitted to document and evaluate the
significance of damage. found on cables which are
removed during the pull -back activities.

b. Undocumented and unqualified splices have been detected
by the pull-back activities which might not be addressed
by the current corrective action program.

C. Pull back activities have identified several additional
cases where the Computerized Cable Routing System appears
to not be accurate.

d. The pull back activities should be used to verify
cable routing.

NRC/TVA

T VA



Enclosure 2

e. The pull back activities have identified the existence of
miscellaneous items in conduit (such an pull cords, pull
wires, broken cables, abandoned cables, etc.) which
might not be accounted for by TVA analyses.

f. Integration of other activities with evaluation of the
pull-by damage issue.

g. Installation of cables under " At risk" conditions (eq. hot
pipes).

C. Closing Remarks TVA/NRC
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ENCLOSURE 3

MEETING SUMMARY

The NRC staff opened the meeting with a restatement and discussion of the
meeting objectives. The TVA presentation addressed each of the areas in the
enclosed meeting agenda. The enclosed handout provides the detailed technical
information which was presented at the meeting. The presentation included the
reasons why there was no previous detection of cable pull-by damage during the
implementation of earlier investigative and systematic evaluation programs, as
well as a description of how the implications of cable deficiencies identified
during the pull-back activities were being factored back into the originally
planned corrective actions.

The NRC staff determined that additional information was needed in certain
areas. In addition to the action items described in the meeting handout, the
licensee agreed to the following:

Documentation will be provided for TVA's revised analysis of silicon
rubber cable, to support TVA's position that Watts Bar cabling is
enveloped by Sequoyah testing. TVA had originally calculated a
radiation dose for Watts Bar which exceeded the calculated dose for
Sequoyah and did not pass the Wylie Laboratories qualification
test. The Watts Bar radiation dose calculation was subsequently
revised and the new value was the same as the value for Sequoyah.
TVA will provide documentation of this revised dose calculation.

A program plan will be generated to address the cable pull-by damage
issue, which will include plans for confirmation of TVA's assumed
threshold for pull-by damage. TVA categorized conduits as to risk
for pull-by damage, and agreed to replace cables in the high and
moderate risk categories. TVA committed to perform wet high-pot
testing, similar to testing performed at Browns Ferry, of cables in
40 low-risk conduits.

A program will be submitted for resolving the ampacity issue,
including a description of testing to upgrade qualification of
cables from 60 to 90 degrees centigrade.

A basis will be provided for TVA's proposed vertical conduit and
cable tray support criteria, which are different than the criteria
used for Sequoyah. TVA's proposed criteria are based on NEC
Article 300-19 (1990). The NRC staff expressed a concern that this
code change did not have a sufficient analytical basis. Therefore,
TVA was requested to submit documentation justifying the proposed
acceptance criteria.

TVA will also provide a response to related NRC concerns that the
use of tie wraps could damage cable insulation.
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- The basis will be provided for TVA's proposed screening threshold
for cable damage due to proximity to hot pipes. For evalution of
this issue, TVA proposed defining hot pipes as those where the
system normally operates at greater than 250 degrees Fahrenheit.

- The detail and basis of plans to address the cable bend radius issue
will be submitted, including the short term resolution and
description of a long term test program. TVA has proposed using
different criteria than in the ICEA standard for accepting
previously installed cables.

- Watts Bar cabling will be evaluated for damage to large, low-voltage
power cables which have been pulled through standard condulets. This was a
source of cable damage encountered at Browns Ferry.

- TVA will respond to the NRC concerns on cable sidewall bearing
pressure documented in the March 1987 Cable Issues Safety Evaluation
Report and the associated Technical Evaluation Report. TVA
performed testing of sidewall bearing pressure during May 1986, and
will provide NRC with documentation of an independent review of this
testing and the disposition of the findings from the review.

- Clarification of TVA's program to address cable splicing will be
provided, including actions to confirm that vendor splices are in
accordance with requirements.

- Prior to Licensing of Unit 1, TVA will address all the subject cable
issues as they relate to non-safety related system operability.

The TVA staff agreed that if the continuing cable removal efforts identify
additional undocumented splices, their program will be reevaluated to determine
if additional efforts are warranted in this area. During cable replacements,
the licensee will monitor for cable damage due to previous replacement of
pressure boundary and fire seals, or other unevaluated sources of damage.

The NRC agreed to provide TVA with a copy of the Sandia National Laboratory
Report, "Cable Test Program at Sequoyah Nuclear Plant."
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TVA

PRESENTATION

TO

NRC

REPORT ON

RESOLUTION OF WATTS BAR

CABLE ISSUES

MAY 22, 1990



SILICONE RUBBER INSULATED CABLE

ISSUE:

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

RESOLUTION:

CONCLUSION:

DURING THE RESOLUTION OF SQN CABLE ISSUES, IT WAS DETERMINED TISILICONE RUBBER CABLES ARE MORE SUSCEPTIBLE TO IMPACT INDUCED ITHAN OTHER INSULATION TYPES. (CAP ITEM NO. 4.1.1)

DAMAGE LOCATION AND STRUCTURE CONSISTENT WITH IMPACT MECHANISM

ALL SILICONE RUBBER CABLE IN SOME 50.49 CIRCUITS (ROCKBESTOS AN,ANACONDA). NO AIW SILICONE CABLE IN 50.49 CIRCUITS.

SILICONE RUBBER CABLE NO LONGER BEING INSTALLED IN 50.49 CIRCUI

1. REMOVE PREVIOUSLY INSTALLED WBN CABLES
FROM 10 WORSE CASE CONDUITS (26 CABLES)

2. SUBJECT WBN CABLES TO IEEE 323/383
TESTING - CABLES SUCCESSFULLY TESTED

3. CLOSE CAP ITEM NO. 4.1.1 CAQR WBP870902

- C8

- C(

-- 8i

TESTS DEMONSTRATED THAT INSTALLATION METHODS FOR SILICONE RUBBERCABLES AT WBN WERE ADEQUATE TO HAVE PREVENTED IMPACT-DAMAGE

cc
IC.
(d
IC



SILICONE RUBBER
CABLE TEST SUMMARY

WYLE TEST (18056-1)
VALUES

TEMPERATURE 356° F

RADIATION (MRADS)

WBN EQ REQUIREMENTS
PLANT CONDITIONS

342F *

I50 **

* INCLUDES A 15°F MARGIN (PER IEEE 323-1974)

INCLUDES A 10% MARGIN ON ACCIDENT RADIATION (PER IEEE 323-1974)



CABLE ISSUE BACKGROUND

o IN TOTAL:

APPROXIMATELY 1.5 MILLION FT OF CABLE TO BE REPLACED OR
ADDED PRIOR TO WBN STARTUP DUE TO CABLE ISSUES

CABLE DAMAGE
AMPACITY
APPENDIX R
CABLE BEND RADIUS

.APPROXIMATELY 400,000 FT OF CABLE INSTALLED

o AT CONCLUSION OF PRESENTATION:

TVA WILL HAVE DEMONSTRATED AN INTEGRATED APPROACH TO
THE RESOLUTION OF WATTS BAR CABLE ISSUES

THROUGH THE INSPECTIONS, REMOVALS, EVALUATIONS, AND
TESTS WHICH WILL BE DESCRIBED TODAY; TVA'S APPROACH
PROVIDES REASONABLE ASSURANCE THAT THE WATTS BAR CABLE
SYSTEM MEETS OR EXCEEDS ITS LICENSING BASIS REQUIREMENTS



ISSUE:

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

RESOLUTION:

CABLE JAMMING

WEN CABLE INSTALLATION DID NOT ADDRESS THE CABLE JAM RATIO WHICHCOULD RESULT IN UNDETECTED CABLE DAMAGE. (CAP ITEM NO. 4.1.2)

TVA DID NOT IMPLEMENT MANUFACTURER'S (IEEE -690) RECOMMENDATION

ALL CONDUIT INSTALLATIONS CONTAINING CLASS 1E THREE SINGLE CONDUCTOR
POWER CABLES

REVISED G-38 TO REFLECT JAM RATIO REQUIREMENTS

1. IDENTIFY ALL CLASS IE CONDUITS CONTAINING
THREE CABLES (010 AND LARGER) THAT FALL WITHIN
THE CRITICAL JAM RATIO RANGE (87 CONDUITS)

2. ELIMINATE CONDUITS FROM STEP 1 WHICH ARE:
A. BOUNDED BY SQN TEST

(78 CONDUITS)
B. LESS THAN 10' LENGTH

(5 CONDUITS)

3. ISSUE OF CALCULATION TO DOCUMENT STEPS 1 AND
2 RESULTS

4. REPLACE THE CABLES NOT ELIMINATED PER STEP 2
(4 CABLES - PRELIMINARY RESULTS)

5. CLOSE CAP ITEM NO. 4.1.2

- COMPLETE

- 7/30/90

- 7/30/90

- 7/30/90

- 1/1/90
(GROUP 4)

- 2/28/91

CONCLUSION: THE AS-INSTALLED CABLES WILL MEET THE JAM RATIO REQUIREMENTS OR AREBOUNDED BY THE SQN TEST OR ARE LESS THAN 10' LENGTH.



CABLE JAMMING

JAMMING CAN OCCUR (ESPECIALLY AROUND BENDS) WHERE THE 
SUMMATION OF CABLE

DIAMETERS CLOSELY MATCH THE CONDUIT DIAMETER. THE PULL SHALL NOT BE MADE IF

THE JAM RATIO FALLS WITHIN THE CRITICAL RANGE AS DESCRIBED 
BELOW.

D - Inside diameter of

conduit per DS-E13.1.4

d = Average outside diameter

of one of the cables per
DS-E12.1.13

JAM RATIO = D/d

CRITICAL RANGE = 2.8 - 3.1



CABLE SUPPORT IN VERTICAL CONDUIT

CABLES IN LONG VERTICAL CONDUITS MAY BE INADEQUATELY SUPPORTED.
UNSUPPORTED WEIGHT COULD LEAD TO CABLE FAILURE. (CAP ITEM NO.4.1.3) NEC ARTICLE 300-19 (1990) HAS BEEN ISSUED RELAXING THE
VERTICAL SUPPORT REQUIREMENTS.

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

TVA INSTALLATION REQUIREMENTS DID NOT INCLUDE INDUSTRY RECOGNIZED
CABLE INSTALLATION SUPPORT REQUIREMENTS

CLASS IE CABLES INSTALLED IN VERTICAL CONDUIT THAT EXCEED THE NEC
ARTICLE 300-19 REQUIREMENTS (1987)

REVISED INSTALLATION REQUIREMENTS AND SITE PROCEDURES TO IMPLEMENT
THE NEC 300-19(1987) REQUIREMENTS AND TO IDENTIFY ACCEPTABLE
SUPPORTING METHODS.

RESOLUTION: I. PERFORM EVALUATION/CALCULATION TO
DETERMINE ACCEPTABLE VERTICAL LENGTHS
THAT WILL ENSURE CABLE BEARING PRESSURE,
CONDUCTOR STRENGTH AND TERMINATION/SPLICE/
INSULATION LOADING IS NOT EXCEEDED.
ACCEPTABLE CABLE BEARING PRESSURES ARE
BASED ON OKONITE CABLE CORPORATION TESTING.

2. REVISE CAP SECTION 4.1.3 - 6/30/90

3. DURING BEND RADIUS WALKDOWN, ALL
FITTINGS AND JUNCTION BOXES USED
VERTICAL DROPS WILL BE EVALUATED
AS NECESSARY TO PROVIDE ADEQUATE

CONDULET
AT TOP OF LONG
AND DCNs ISSUED
SUPPORT

4. CLOSE CAP ITEM NO. 4.1.3, CAQR WBP890295,
AND NCR W-262-P 5 0.55(e)

CONCLUSION:

- ONGOING

- 2/28/91

CLASS IE CABLES IN VERTICAL CONDUIT WILL MEET THE REQUIREMENTS
IDENTIFIED BY TVA ANALYSIS.

ISSUE:
THIS

- 6/1/90



PRELIMINARY CALCULATION RESULTS

o STANDARD 900 BENDS AT THE TOP OF A VERTICAL CONDUIT PROVIDE
ADEQUATE CABLE SUPPORT TO THE NEC 300-19 (1990) LIMITS

0 ALLOWABLE VERTICAL CABLE LENGTHS WITHOUT EXCEEDING STATIC
SIDEWALL BEARING PRESSURE IF THE CABLE PASSES ACROSS A CONDUIT
FITTING CONTAINING A 1/8" RADIUS BEND

o ALLOWABLE STATIC SIDEWALL BEARING PRESSURE BASED ON VENDOR
FURNISHED LIMITS IS 345 PSI WHICH HAS A SAFETY FACTOR OF 2

Cable
Size 1/C 2/C 3/C 4/C 5/C 7/C 9/C 12/C 14/C 16/C 19/C
#14 124 73 100 92 76 71 62 55 43 4 7

#12 88 72 75 8I 71 53 55 48 NA 43 40 1

#10 99 61 79 70 66 46 46 39 - - 3

#L8 70 NA 57 56 NA NA NA NA NA NA NA

# 6 74 NA 49 NA NA NA NA NA NA NA NA

#4 60 61 3 NA NA NA NA NA NA NA NA

#2 N3 A 34 NA NA NA IA NA NA NA NA

1/0 39 35 28 NA NA NA MA NA NA NA NA

2/0 20 32 26 NA NA NA NA NA NA NA NA

3/0 37 NA NA NA NA NA NA NA NA NA NA

4/0 41 NA NA NA -NA NA NA NAI NA NA NA

250 MCM 22 NA NA NA NA NA NA NA NA I NA NA

400 MCM 22 NA NA NA NA NA A NA NA NA NA



CABLE SUPPORT IN VERTICAL TRAY

ISSUE:

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

1. CABLE TRAY AND CABLE TRAY SUPPORT CAP ADDRESSES MECHANISM
TO TRANSFER VERTICAL CABLE LOADS TO THE TRAY SUPPORT SYSTEM

2. CABLE INSTALLED IN LONG VERTICAL CABLE TRAYS MAY BE
INADEQUATELY SUPPORTED WHICH COULD LEAD TO CABLE FAILURE.
CAP COMMITMENT IS TO THE NEC ARTICLE 300-19 (1987)
REQUIREMENTS. (CAP ITEM NO. 4.1.4) NEC ARTICLE 300-19
(1990) HAS BEEN ISSUED RELAXING THE VERTICAL SUPPORT
REQUIREMENTS.

TVA DESIGN AND INSTALLATION REQUIREMENTS DID NOT INCLUDE THE
INDUSTRY RECOGNIZED CABLE INSTALLATION SUPPORT REQUIREMENTS

CLASS 1E CABLES INSTALLED IN VERTICAL TRAY SEGMENTS THAT EXCEED
THE NEC ARTICLE 300-19 REQUIREMENTS (1987)

REVISED INSTALLATION REQUIREMENTS AND SITE PROCEDURES TO
IMPLEMENT THE NEC 300-19(1987) REQUIREMENTS AND TO IDENTIFY
ACCEPTABLE SUPPORTING METHODS.

RESOLUTION:

CONCLUSION:

1. PERFORM EVALUATION/CALCULATION TO DETERMINE
ACCEPTABLE VERTICAL LENGTHS THAT WILL ENSURE
CABLE BEARING PRESSURE, TERMINATION/SPLICE/
INSULATION LOADING, AND CONDUCTOR STRENGTH
IS NOT EXCEEDED. ACCEPTABLE CABLE BEARING
PRESSURES ARE BASED ON OKONITE CABLE
CORPORATION TESTING.

2. IDENTIFY ALL CLASS IE TRAY SEGMENTS
THAT EXCEED THE NEC ARTICLE 300-19 (1987)
REQUIREMENTS (88 TRAY SEGMENTS EXCLUDING
UNIT 2 ANNULUS)

3. REVISE CAP SECTION 4.1.4

4. REVIEW 88 CABLE TRAY SEGMENTS AND SEGMENTS
IN UNIT 2 ANNULUS AGAINST THE REQUIREMENT
IDENTIFIED BY THE CALCULATION

5. ISSUE DCN TO ADD SUPPORT IF REQUIRED

6. CLOSE CAP ITEM NO. 4.1.4 AND CAQR WBP880564
INCLUDING 50.55(e)

ALL CLASS IE CABLES IN VERTICAL TRAYS WILL MEET THE
REQUIREMENTS IDENTIFIED BY TVA ANALYSIS.

- 6/1/90

- COMPLETE

- 6/30/90

- 6/1/90

- 7/15/90

- 8/30/90

•' It,



CABLE PROXIMITY TO HOT PIPE

POTENTIAL FOR CABLE DAMAGE RESULTING FROM CLOSE PROXIMITY TO HOTPIPES WHICH COULD IMPACT AMPACITY AND QUALIFIED LIFE (CAP ITEM
NO. 4.1.5)

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

RESOLUTION:

TVA DID NOT SPECIFY CLEARANCE REQUIREMENTS

ALL CLASS 1E CABLES IN CLOSE PROXIMITY TO HOT PIPES

SRN G-40-34 ISSUED (3/12/90)

1. IDENTIFY HOT PIPE SCREENING
HOT PIPE IS SYSTEM NORMALLY
>250OF ( 4000' OF PIPE)

REQUIREMENTS,
OPERATING AT

- COMPLETE

2. WALICDOWN ALL HOT PIPES AND IDENTIFY
INTERACTIONS, APPROXIMATELY 341 CLASS 1E
CONDUITS IN THE INTERACTION ZONE. FIVE
CLASS lE CABLE TRAY SEGMENTS FOUND IN THE
INTERACTION ZONE.

3. EVALUATE USING ACTUAL CONDITIONS AND
ISSUE DONs AS NECESSARY

(THE MAJORITY OF INTERACTIONS WILL BE
JUSTIFIED BY ANALYSIS WITH SOME REQUIRING
ADDITION OF INSULATION AND A FEW WILL
REQUIRE MOVING CONDUITS)

4. CLOSE CAP ITEM NO. 4.1.5 AND PIR WBNEEB8644

-COMPLETE

- 6/2/90 Gr 2

- 7/1/90 Gr 4-6

- 2/28/91

CONCLUSION: CLASS 1E CABLES WILL NOT BE ADVERSELY AFFECTED
HOT PIPES. STEPS WILL BE TAKEN TO ENSURE THAT
INTEGRITY IS MAINTAINED.

BY PROXIMITY TO
PIPE INSULATION

ISSUE:



PARALLEL CONDUIT TO HORIZONTAL HOT PIPE ENVELOPE

* - • Zone of influence
for a Horizontal
Hot Pipe

A oPeCenterline of

-• Hot Pipe
Fluid Temp. > 250°F

O.D. Pipe Insulation

B 0. D. Pipe

A = 1.5 X DIAMETER OF PIPE INSULATION + SEISMIC/THERMAL MOVEMENT

B = HOT PIPE SEPARATION DISTANCE + SEISMIC/THERMAL MOVEMENT



SCREENING CRITERIA

CALCULATION ASSUMPTIONS:

HOT PIPE

650°F FLUID TEMPERATURE

ALL PIPE INSULATED WITH CALCIUM SILICATE INSULATION

INSULATION THICKNESS PER INSULATION SPEC 2967

ENVIRONMENTAL DATA USED FOR ALL CASES

THERMAL MOVEMENT PER SRN N3C-912-20

CABLE

6 POWER CONDUCTORS PER CONDUIT

QUALIFICATION TEMPERATURE 90°C

MAX AMPACITY



TYPICAL SCREENING CLEARANCE CRITERIA

CABLES ABOVE
HOT PIPE

CABLE BESIDE
HOT PIPE

CABLES BELOW
HOT PIPE

CABLE IN CONDUIT

HORIZONTAL/PARALLEL

HORIZONTAL/NON-PARALLEL

CABLE TRAYS

HORIZONTAL/PARALLEL

HORIZONTAL/NON-PARALLEL

1.5 times D1.s

6 INCHES

1.5 times D,.s

6 INCHES

2 INCHES

2 INCHES

6 INCHES

2 INCHES

2 INCHES

2 INCHES

6 INCHES

6 INCHES



ISSUE:

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

RESOLUTION:

CABLE SPLICES

INSTALLED SPLICES MAY NOT CONFORM WITH THE QUALIFIED CONFIGURATIONS
AND MATERIALS TESTED BY THE VENDOR. (CAP ITEM NO. 4.1.8) THE
IDENTIFIED PROBLEMS WERE:

a BEND RADIUS OF RAYCHEM HEAT SHRINK

o LESS THAN 2-INCH SEAL LENGTH

o PROPER SELECTION OF RAYCHEM MATERIALS (USE RANGE, SHIMS)

o USE OF SCOTCH TAPES AND INSULATED LUGS UNDER RAYCHEM MATERIALS

TVA DID NOT ADHERE TO THE INSTALLATION AND INSPECTION REQUIREMENTS

ALL 50.49 CABLE SPLICES

G-38 AND SITE PROCEDURES REVISED TO ENSURE PROPER.INSTALLATION
OF SPLICES

1. REPLACE ALL 50.49 SPLICES
(-10,000 CONDUCTORS/1800 CABLES)

ONGOING
SCHEDULE TIED
TO SYSTEM
GROUP TESTING

2. DURING THE BEND RADIUS EVALUATION INSPECTION
WILL BE PERFORMED IN ALL PULL POINTS IN ENTIRE
CONDUIT ROUTE IN HARSH ENVIRONMENT FOR 50.49
CLASS IE CABLES FOR ANY UNDOCUMENTED SPLICES

3. CLOSE CAP ITEM NO. 4.1.8 , CAQR, 50.55(e)
AS APPLICABLE

CLOSE CAP ITEM NO. 4.1.8
NCR 5769
NCR 6208 50.55(e)
NCR 6224 50.55(e)
SCR WBNEQP8501 50.55(e)
PIR 8586
NCR 6584
CAQR WBP871109

- ONGOING

- 2/28/91

NCR 6223 50.55(e)
NCR W-353-P5 50.55(e)
SCR WBNEQP8601 50.55(e)
NCR.6774 50.55(e)
PIR 8707
CAQR WBP870163
PIR 8720
CAQ WBP880676

ALL 50.49 CABLE SPLICES WILL BE IN COMPLIANCE WITH VENDOR REQUIREMENTSCONCLUSION:



CABLE JACKET,TRIM TO LEAVE
I/0" MINIMUM OF INSULATION
EXPOSED (TYP)

/-VARIES ACCORDING M .IFRR
-. u2 w

BUTT SPUCE
CONNECTOR
OR TERMINAL
LUGS

MIN. LENGTH ,OF OUTER
SLEEVE2 ZX+Y"+ 9 Z

DETAIL A
SINGLE CONDUCTOR IN-LINE SPLICE
SEE NOTES 13 8 16,SD-EI2.5.1-1 AND
NOTES 3E,3F, a 4 , SD-EI2.5.1-2

ICAL

IM (IF REWi'O•



VENDOR SPLICES

SPLICES INSTALLED BY THE CONTAINMENT PENETRATIONVENDOR DO NOT
CONFORM WITH THE QUALIFIED CONFIGURATIONS AND MATERIALS TESTED
BY THE VENDOR. THE IDENTIFIED PROBLEM IS THAT THE SEAL LENGTH
FOR THE RAYCHEM MATERIALS IS ONLY 1/4 TO 1/2 INCH ON EITHER
SIDE OF THE SPLICE. (SHOULD BE 2 INCH EITHER SIDE)

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

RESOLUTION:

INSTALLATION REQUIREMENTS FOR PRESENT DAY QUALIFICATION
CONFIGURATIONS WER7 NOT USED WHEN THESE SPLICES WERE MADE.

PIGTAIL EXTENSIONS FOR ELECTRICAL CONTAINMENT PENETRATION
ASSEMBLIES WITH CONDUCTOR SIZES #4, #6, AND #8

NO FURTHER PREVENTIVE ACTIONS ARE REQUIRED. WBEP 5.16 WAS
ISSUED TO CONTROL THE 10 CFR 50.49 PROGRAM REQUIREMENTS FOR
ENVIRONMENTAL QUALIFICATION OF ELECTRICAL EQUIPMENT.

1. REPLACE ALL CONTAINMENT PENETRATION PIGTAIL
EXTENSION SPLICES FOR CONDUCTOR SIZES #4, #6,
AND #8 AWG WITH QUALIFIED SPLICE CONFIGURATIONS - ONGOING

TIED TO SYSTEM TESTING

2. CLOSE CAQR WBP890567 - 2/1/91

CONCLUSION: ALL CONTAINMENT PENETRATION PIGTAIL EXTENSION SPLICES WILL BE
IN COMPLIANCE WITH VENDOR REQUIREMENTS

ISSUE:



ISSUE:

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

CABLE SIDEWALL BEARING PRESSURE (SWBP)

SWBP WAS NOT PROPERLY ADDRESSED DURING CABLE INSTALLATION.CABLE SWBP MAY HAVE BEEN EXCEEDED AS CABLES ARE PULLED AROUND ACONDUIT BEND. (CAP SECTION NO. 4.1.9)

INSTALLATION REQUIREMENTS DID NOT INCLUDE INDUSTRY INSTALLATIONGUIDELINES FOR SWBP RELATED TO CABLE PULLING IN CONDUITS

ALL CLASS 1E CONDUIT INSTALLATION

TESTED LIMITS NOW INCLUDED IN ENGINEERING INSTALLATIONSPECIFICATION AND SITE IMPLEMENTATION INSTRUCTIONS

RESOLUTION:

CONCLUSION:

1. PERFORMED WD TO IDENTIFY 81 WORSE
CASE CONDUIT CONFIGURATIONS

2. PERFORMED EXPECTED PULL TENSION
CALCULATIONS AND EXPECTED SWP CALCULATIONS

3. PERFORMED SWP TESTING AT TVA CENTRAL
LABORATORIES

4. SWP LIMITS ADDED TO INSTALLATION SPECIFICATIONS

5. COMPARED LIMITS TO WORSE CASE CONFIGURATION
AND AS INSTALLED CONFIGURATION DETERMINED
ACCEPTABLE. THE WORSE CASE CONFIGURATIONS
WERE BOUNDED BY THE G-38 SWBP REQUIREMENTS.

6. REVISE SWBP EVALUATION DUE TO
THIRD PARTY REVIEW BY
D. A. SILVER AND ASSOCIATES

7. CLOSE CAP SECTION 4.1.9
NCR 6270, CAQR WBP890357, 10 CFR 50.55(e)

THE CLASS IE CABLES MEET SWBP REQUIREMENTS

- COMPLETE

- COMPLETE

- COMPLETE

- COMPLETE

- COMPLETE

- 8/30/90

- 9/30/90



SUMMARY OF SWBP TEST

-TEST CONDUCTED BY TVA CENTRAL LABORATORIES
MAY 1986

REVIEWED BY D. A. SILVER AND ASSOCIATE

TEST OBJECTIVES

- DETERMINE EFFECTS OF EXCESSIVE SIDEWALL BEARING PRESSURE ON
ELECTRICAL CABLES BY APPLYING VARIOUS PULLING TENSIONS TO CABLES IN
CONDUIT TEST SETUP

TEST REQUIREMENTS

- POWER, CONTROL, SIGNAL AND INSTRUMENT, AND COAXIAL CABLES INCLUDED

- DETERMINE ACTUAL CABLE WEIGHT PER FOOT OF EACH SAMPLE

- FIVE VIRGIN CABLE SAMPLES, 25 FEET LONG, OF EACH SAMPLE, SUBJECTED
TO AC DIELECTRIC BREAKDOWN TEST

- FIVE TEST PULLS OF EACH CABLE SAMPLE, APPROXIMATELY 100 FEET LONG,
PULLED UNDER TENSION THROUGH GALVANIZED RIGID STEEL CONDUIT SETUP,
ONE AT A TIME. TEST SETUP CONTAINS 4 HORIZONTAL 90-DEGREE BENDS

- TENSIONS ADJUSTED TO ACHIEVE MAXIMUM SWBP FOR EACH TEST SAMPLE

- FIFTEEN FEET OF EACH CABLE SAMPLE SUBJECTED TO AC DIELECTRIC
BREAKDOWN TEST

- POST-PULL AC DIELECTRIC TEST RESULTS COMPARED TO PRE-PULL TEST

- FOR COAXIAL CABLES, SAME AS ABOVE, EXCEPT DIELECTRIC TESTS PERFORMED
ON 100-FEET SAMPLES. ADDITIONALLY, CAPACITANCE, INSULATION
RESISTANCE, AND CHARACTERISTIC IMPEDANCE TESTING PERFORMED

T
_ SWBP = X R

WHERE:

T = TENSION OF CABLE PULL (LBS/FT)

R = ACTUAL INNER INSIDE RADIUS OF CONDUIT BEND (FT)

X = CONSTANT BASED ON RELATIVE DIAMETERS OF CABLE AND
CONDUIT AND CABLE WEIGHT



SUMMARY OF SWBP TEST

TEST CONDUCTED BY TVA CENTRAL LABORATORIES
MAY 1986

REVIEWED BY D. A. SILVER AND ASSOCIATE

a TEST RESULTS

CABLE TYPES

POWER CABLES

CONTROL CABLES

SIGNAL AND INSTRUMENT
CABLES

TEST RESULTS
MAXIMUM SWBP

(LBS/FT)

3104

1831

1496

373

G-38
REQUIREMENT

(LBS/FT)

1000

1000

S00

300 73

MARGIN
(LBS/FT)

2104

996

COAXIAL CABLES



ISSUE:

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

PULLING CABLE THROUGH 90-DEGREE CONDULET
AND MID-ROUTE FLEXIBLE CONDUIT

DAMAGE MAY OCCUR IF CABLES ARE PULLED THROUGH 900 CONDULET ANDMID-ROUTE FLEXIBLE CONDUIT (CAP SECTION NO. 4.1.10). NRCCONCERN ADDRESSED IN TER.

INSTALLATION SPECIFICATION DID NOT PREVENT PULLING CABLESTHROUGH 900 CONDULETS OR MID-ROUTE FLEX CONDUIT

ALL CLASS 1E CABLES

INSTALLATION SPECIFICATIONS HAVE BEEN REVISED BY ADDINGREQUIREMENTS TO NOT ALLOW PULLING CABLE THROUGH MID-ROUTE FLEXOR 900 CONDULET.

PULLING THROUGH A 90° CONDULET

1. REMOVED SILICONE RUBBER INSULATED CABLES
FROM 10 WORSE CASE CONDUITS (26 CABLES).
- SI CABLE WOULD HAVE BEEN DAMAGED IF
PULLED THROUGH A 90* CONDULET.

2. SUBJECTED CABLES TO IEEE 323/383
TESTING - CABLES SUCCESSFULLY TESTED

3. ISSUE FINAL REPORT
4. CLOSE CAP ITEM NO. 4.1.10

PULLING THROUGH MID-ROUTE FLEX

1. DURING REMOVAL OF 37 CRITICAL CASE CONDUITS
FOR CABLE PULLBY EVALUATIONS TVA REMOVED ONE
MID-ROUTE FLEXIBLE CONDUIT IN A CONDUIT RUN
CONTAINING A DAMAGED CABLE

2. SENT MID-ROUTE FLEX TO U.CONN FOR
ANALYSIS. ANALYSIS INCLUDED VISUAL
INSPECTION. U.CONN TESTING CONCLUDES NO
DAMAGE RESULTED FROM PULLING CABLES THROUGH
MID-ROUTE FLEX CONDUIT.

3. ISSUE WORK IMPLEMENTATION DOCUMENT TO PERFORM
LOW CATEGORY CABLE TESTS

4. CLOSE CAP ITEM NO. 4.1.10

- COMPLETE

- COMPLETE

- 8/30/90
- 9/30/90

- COMPLETE
- COMPLETE

- 7/15/90

- 10/30/90

CONCLUSION: IT IS HIGHLY UNLIKELY THAT CABLES HAVE BEEN PULLED THROUGH 900CONDULETS. THE TEST PROVIDES CONFIDENCE THAT IF IT DID OCCURDAMAGE WOULD NOT RESULT. IT IS EXPECTED THAT ADDITIONAL TESTSWILL CONFIRM THAT NO DAMAGE RESULTED FROM PULLING CABLES
THROUGH MID-ROUTE FLEX CONDUIT.

RESOLUTION:



CCRS DATA BASE VERIFICATION AND VALIDATION

CONCERNS ADDRESSED ABOUT VALIDITY OF CCRS DATA BASE (CAPITEM NO. 4.2)
ISSUE:

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

RESOLUTION:

LACK OF PROCEDURES TO VERIFY AND VALIDATE CCRS DATA BASE

CABLE ROUTES, RACEWAY LOADING, AND ELECTRICAL CALCULATIONS
USING CCRS DATA

ISSUED SITE PROCEDURES TO CONTROL CCRS DATA BASE

1. ISSUE REQUIRED PROCEDURES TO ADDRESS
DEVELOPMENT AND MAINTENANCE OF CCRS

2. EVALUATE ROUTING DATA ADEQUACY

3. INPUT SPARE/ABANDON CABLES

4. ESTABLISH RACEWAY CONFIGURATION

5. EVALUATE DATA ACQUIRED DURING CABLE
REMOVAL FOR:

A. MISIDENTIFIED/MISROUTED CABLES
B. SPARE/ABN CABLES

6. ASSESS IMPACT OF DATA TO PREVIOUS CCRS

7. CLOSE CAP ITEM NO. 4.2

- COMPLETE

- COMPLETE

- ONGOING

- COMPLETE

- ONGOING

- ONGOING

- 6/30/90

CONCLUSION: CCRS DATA BASE IS SUFFICIENT TO SATISFY ALL SAFETY COMMITMENTSBASED ON COMPLETED ACTIONS AND DATA IDENTIFIED TO DATE DURING
CABLE PULLOUT EFFORT. CCRS PROVIDES ADEQUATE QC RECORD.



ATTACHMENT - ADEOUACY OF CCRS DATA-BASE REVISION I

SECTION A

4595 CABLES

ANALYZED PREVIOUS REVIEWS
TO VERIFY AOEOUACY OF CCRS
DATA BASE. THIS REPRESENTS
1 OOX OF EO AND APPENDIX 'R'
CABLES FOR WBN - UNIT I

SECTION B

26 CABLE

SILICONE RUBBER
INSULATED CABLES
REMOVED FoR
TESTING PURPOSES

7%

75

SPECIFIC REWORK PER ECN
ATTRIBUTES ({... NOT STARTED.
MARK NO., NO INSPECTION
CONIRACI NO.) PERFORMED

2

DISCREPANCIES WITH
A U BERS I -u

NG MATCHED

NOTEs CHANGES FROM CHART REVISION 0 TO REVISION I
ARE CIRCLED C•.

* CABLE NOT IN CONFORMANCE TO ROUTING DATA

*ROTING VERIFIED (SIGNAL TRACED AND/OR
VISUALLY INSPECTED)

CCRS - COMPUTERIZED CABLE ROUTING SYSTEM

** -( EXCEPT AT CONDUIT TO TRAY ENTRY AS STATED IN 1HE CAP.
I SECTION_4.2.2. 5 OF THE 14 CABLES ARE INVOLVED PER
CAP REFERENCE (CAO WBP880510). f D

32

Z4 DISCREPANCIES WITH HARK/
CONTRACT NUMBERS. INSTALLATION
NOT CO4PLETE PER DESIGN CHANGE.
BUT NO ROUTING DISCREPANCIES.

7 ROUTING DISCREPANCIES. BUT CABLE
INSTALLATION IS TECHNICALLY
ACCEPTABLE.

I APPENDIX *R" CABLE HAD NOT BEEN
REROUTED PER THE LATEST DESIGN
OUTPUT. A PERSONNEL ERROR - NOT
CCRS DATA PROBLEM



ISSUE:

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

CCRS SOFTWARE VERIFICATION AND VALIDATION

CCRS SOFTWARE WAS NOT VERIFIED AND VALIDATED (CAP ITEM NO. 4.2)

LACK OF PROCEDURES REQUIRING CCRS SOFTWARE VERIFICATION ANDVALIDATION

CABLE ROUTES, RACEWAY LOADING, ELECTRICAL CALCULATIONS USINGCCRS DATA WERE QUESTIONABLE

REVISED PROCEDURE GOVERNING CCRS CABLE DATA AND SOFTWARE.VALIDATED THE CCRS SOFTWARE AND ISSUED CONTROLLED DOCUMENTATION(WBEP 5.31, SOFTWARE REQUIREMENTS SPECIFICATION, USER MANUALAND TEST PLANS) GOVERNING THE VERIFIED SOFTWARE.

RESOLUTION:

RESULTS/DATA:

CONCLUSION:

1. ISSUE NEP 3.8 GOVERNING QUALIFICATION OF
SAFETY-RELATED SOFTWARE

2. DEVELOP SRS (SOFTWARE REQUIREMENTS
SPECIFICATION), USER'S MANUAL, AND SVVP
(SOFTWARE VERIFICATION AND VALIDATION PLAN)

3. DEVELOP WBN CCRS AND QUALIFY IN ACCORDANCE
WITH NEP 3.8. TEST CASES DEVELOPED TO VERIFY
ALL ASPECTS OF THE SYSTEM.

4. VERIFICATION RESULTS COMPARED TO EXPECTED
RESULTS -- NO DISCREPANCIES NOTED.

5. WBEP 5.31 EXTENSIVELY REVISED TO CONTROL INPUTS
TO THE SYSTEM DATA FILES

6. SYSTEM DATA FILE STRUCTURES MODIFIED TO BE
CONSISTENT WITH SYSTEM OPERATION. EXISTING DATAWAS COPIED INTO THE NEW FILES; HOWEVER, NO DATA
WAS MODIFIED.

7. TRAIN ON CONTROLLED USER/OPERATOR MANUAL

8. CLOSE CAP ITEM NO. 4.2

CCRS SOFTWARE HAS BEEN VERIFIED AND VALIDATED

THE CCRS SOFTWARE IS IN COMPLIANCE WITH SOFTWARE QA
REQUIREMENTS.

- COMPLETE

- COMPLETE

- COMPLETE

- COMPLETE

- COMPLETE

- COMPLETE

- COMPLETE

- 6/30/90



ISSUE:

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

CABLE AMPACITY

AS-INSTALLED CLASS 1E CABLES WERE INADEQUATELY SIZED TO CARRYTHE FULL LOAD CURRENT. THIS CONDITION COULD POTENTIALLYDEGRADE THE CABLE'S LIFE OR CAUSE IT TO FAIL DURING SERVICE.

SIZING OF POWER CABLES DID NOT ADHERE TO INDUSTRY REQUIREMENTS

CLASS IE POWER CABLES

TVA HAS ISSUED DESIGN STANDARD DS-E12.6.3 WHICH INCLUDES LATESTINDUSTRY REQUIREMENTS AND CABLE PROCEDURE WBEP 5.31 REQUIRESCALCULATIONS FOR POWER CABLES.

RESOLUTION: 1. IDENTIFY DERATING FACTORS FOR
CLASS IE POWER CABLES

- COMPLETE

2. PERFORM SCREENING CALCULATION TO
DETERMINE AMPACITY ADEQUACY

0450 CABLES FAILED INITIAL SCREENING
0250 OUT OF 450 CABLES FAILED
AMPACITY CALCULATION AND WILL BE
REPLACED WITH LARGER CABLES

0REMAINING 200 TO BE DOCUMENTED
BY FURTHER ANALYSIS TO BE TECHNICALLY
ADEQUATE BASED ON SPECIFICS
'EVALUATE APPENDIX R IMPACT

3. ISSUE DCN(s) AS NECESSARY

- COMPLETE

- GR 1 COMPLETE
ONGOING 9/1/90

- ONGOING 9/1/90

4. PERFORM EQ CABLE TESTING TO RAISE - ONGOINGQUALIFICATION FROM 60 TO 90 DEGREE C
FOR 5-YEAR (4TH QUARTER/90), 20-YEAR,
(PRIOR TO FUEL LOAD), AND 40-YEAR LIFE (5/92)SUBMITTAL TO NRC TO DETAIL TEST PROGRAM - 6/30/90

9/1/90

5. CLOSE CAQR WBP900116 - 2/28/91

CONCLUSION: CLASS 1E POWER CABLES ARE ADEQUATELY SIZED TO CARRY REQUIREDFULL LOAD CURRENT.

- ONGOING



FIRE PROTECTION CABLE ROUTING (APPENDIX R)

APPENDIX R CONSIDERATIONS GIVEN TO GROUP 1 CABLES

ROOT CAUSE:

EXTENT:

GROUP 1 CABLES WERE ROUTED BEFORE THE APPENDIX R ANALYSIS WAS
COMPLETED, THEREFORE, APPENDIX R INTERACTIONS MAY OCCUR.

THE GROUP I CABLES ADDRESSED ARE THOSE THAT WERE IDENTIFIED FOR
REWORK FOR ONE OF THE FOLLOWING:

CABLE AMPACITY
CABLE DAMAGE
REGULATORY GUIDE 1.97 UPGRADE

RESOLUTION:

CONCLUSION:

REGULATORY GUIDE 1.97 - SIGNAL CABLES CAN BE FIRE WRAPPED
WITHOUT DERATING FOR AMPACITY OF THE CABLES.

AMPACITY AND CABLE DAMAGE ISSUES - CABLES SIZED FOR MAX DERATE
FACTORS.

RECENTLY DESIGNED OR INSTALLED CABLES IDENTIFIED AS APPENDIX R
INTERACTIONS CAN BE FIRE WRAPPED WITHOUT IMPACT ON CABLE SIZING.

UPON COMPLETION OF THE APPENDIX R ANALYSIS, THE ROUTE OF THESE
CABLES WILL BE REVIEWED TO VERIFY COMPLIANCE WITH APPENDIX R
SEPARATION REQUIREMENTS AND ANY NECESSARY MODIFICATIONS WILL BE
PERFORMED.

ISSUE:



EVALUATION OF DATA FOUND DURING CABLE REMOVAL

DURING CABLE REMOVAL DUE TO CABLE DAMAGE EFFORT, THE FOLLOWINGANOMALIES WERE IDENTIFIED: 1) MISROUTED AND MISIDENTIFIEDCABLES, 2) UNDOCUMENTED SPLICES, 3) UNDOCUMENTED SPARE ANDABANDONED CABLES, AND 4) OTHER POTENTIAL CABLE DAMAGE.'

AS A RESULT OF IDENTIFIED ANOMALIES A FORMAL PROCESS IS BEINGESTABLISHED TO INSPECT AND EVALUATE DATA.

RESOLUTION: 1. TVA TO DOCUMENT MISROUTED, AND MISIDENTIFIED
CABLES, UNDOCUMENTED SPLICES, SPARE/ABANDONED
CABLES, AND CABLE DAMAGE

2. TVA WILL COLLECT, TREND, AND EVALUATE ALL
PHYSICAL DATA AND ADJUST PROGRAM WHEN WARRANTED.

3. CLOSE CAQRs

- ONGOING

- ONGOING

- 3/1/91

OBSERVATIONS:

CONCLUSION:

ALL ANOMALIES FOUND WILL BE RESOLVED AND THE CCRS EVALUATED TOASSESS IMPACT.

TO DATE EVALUATION INDICATES:

1. 22 OUT OF 1,238 CABLES REMOVED ARE IDENTIFIED AS EITHER
MISROUTED, UNIDENTIFIED SPARE OR ABANDONED CABLES.

2. 6 ACTIVE CABLES WERE IDENTIFIED AS MISROUTED, ALL AT END
DEVICE. NO SEPARATION VIOLATION.

3. 2 UNDOCUMENTED SPLICES HAVE BEEN FOUND IN DUCTBANK CONDUITSAND 2 UNDOCUMENTED SPLICES FOUND DURING PULLBY EXTENT OFCONDITION REVIEW. ALL 4 SPLICES ARE BEING EVALUATED.

4. ADDITIONAL CABLE DAMAGE OBSERVATIONS (SEE ATTACHED).-

THE LOW RISK CONDUITS IDENTIFIED DURING THE PULLBY EVALUATION,ALSO BEING REPRESENTATIVE OF THE WORSE CASE INSTALLATIONS, WILLBE TESTED TO DEMONSTRATE ADEQUACY OF THE REMAINING INSTALLEDCABLES. COMBINED REMOVAL, INSPECTION AND HIGH VOLTAGE TESTINGOF REMAINING CABLE POPULATION WILL DEMONSTRATE THE ADEQUACY OF
THE WBN CABLE INSTALLATION.

ISSUE:

PROCESS:



M)SROUTED CONFIGURATION SHEET A

-*3Z-2.90-I I-A
LC.ABLE TRAY RISER)

DESIGNED RACEWAY 3
1*
I

CONDUIT
O-ZMC- ?.9O-8?.A--

O-JB-?__ O-3432

MISROUTES .IDENTIFIED UNDER
WBP9OO9-7

i

i

MISROUTED CAKBLES
PM-2-2242- A

2?lM -2- 2921'l- A

2,PMI3 -194-A

UNIDENTIFIED
I V/.." CONDUIT

CAQR



MISROUTED CONFIGURATION SHEET

O-3TRYZaO TR6/67-A
(CABLE TRA~Y)

DESIGNATED RACEWAY--,

CONDUIT
?- 3VC-290-222Z-A'-,

-'

CCLRS)

2-PNL-Z75-R73-A

MISOUTE IDENTIFIED UNDER
W1P9O0099

-•MIROUTEDCAL
Z-3~4- 70 - 2 4.S*-A

o- CONDUIT
2.-3PLCZ90-217-A

CAQR



MISROUTED CONFIGURATION SHEET B

O-3TRY-9OO
(CABLE -T

DESIGNATED RACEWAY-*

CONDUIT
1_-3 P LC,- Z_9 0 -?_ 3 4-A--

(cr...•)

- I - I I - ~ -

1-PNL-75-R73-A

MISýOUTE IDENTIFIED UNDER
WISP890518

MISROUTED
--3SG-3 -1,'-A

CABLES

,,-ýCONDUiT
1 3PLGZ90-235A

CAQR

AR8/(9 -
?RAY)

m

V



CABLE DAMAGE OBSERVATION

Issue

1. Improper Vimasco Removal

2. Possible violations of fire seal
breaching procedure

3. Cables in. condulets containing fire
sealant

4. Damage cable at terminations

5. Manhole cable damage

6. Pullby damage

7. Unknown

8. Minor jacket damage, e.g., cuts, nicks,
scratches

Ohprvati~nn

4 cables

1 cable

1 cable

-15 cables

1 cable

2 cables

2 cables

-40 cables

WBEP - 1775F

Observations



ISSUE:

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

CABLE PULLBY

CABLE DAMAGE MAY OCCUR DUE TO PULLBYS, WHICH IS THE ACTION OFINSTALLING CABLES IN CONDUITS CONTAINING PREVIOUSLY INSTALLEDCABLES. (CAP ITEM NO. 4.1.6)

INSTALLATION SPECIFICATIONS DID NOT RECOGNIZE THE POTENTIAL FORCABLE DAMAGE WHEN MAKING CABLE PULLBYS

CLASS IE CONDUITS CONTAINING CABLES WHICH EXPERIENCED PULLBYS

INSTALLATION SPECIFICATIONS REVISED TO ADD RESTRICTIONS ONPULLBYS

RESOLUTION:

A. LOW-VOLTAGE CABLES

1. CATEGORIZE CLASS 1E CONDUITS INTO LOW,
MODERATE, AND HIGH RISK

2. EVALUATE AND IDENTIFY CABLE FOR
REPLACEMENTS (APPROX. 660,000 FEET)

3. REVISE CAP, TO INCLUDE TEST REQUIREMENTS
FOR LOW RISK CATEGORY CABLES

4. NRC APPROVAL OF TEST CRITERIA & CONDUIT
SELECTION

5. PERFORM TEST ON LOW RISK CATEGORY CABLES
TO VALIDATE THRESHOLD. BEGIN TEST

6. CLOSE CAP ITEM NO. 4-.1.6 CAQR

WBP890492 (UNIT 1) 10 CFR 50.55(e) REPORT

B. MEDIUM-VOLTAGE CABLES

1. REVIEW RECORDS TO CONFIRM SUCCESSFUL TEST ON
ALL 77 CLASS 1E MV CABLES REQUIRED FOR UNIT I

2. START TESTING ON 7 MV CABLES WHERE
DOCUMENTATION IS MISSING

CONCLUSION: CLASS IE LV CABLES WITH SIGNIFICANT POTENTIAL FORWILL BE REPLACED. TEST FROM WORSE CASE REMAINING
VALIDATE THRESHOLD.

- COMPLETE

- COMPLETE

- 6/i5/90

- 7/15/90

- 7/15/90

- 2/28/91

- COMPLETE

- 6/15/90

PULLBY DAMAGE
CONDUITS WILL

ALL CLASS 1E MV CABLES WILL HAVE RECEIVED INDUSTRY
HI-POT FOLLOWING LAST PULL ACTIVITY IN ITS CONDUIT
INTEGRITY.

STANDARD
TO CONFIRM

THE REPLACEMENT AND TEST PROGRAM WILL DEMONSTRATE 'THE ADEQUACY
OF THE INSTALLED CABLES.



PULLBY DAMAGE BACKGROUND

EMPLOYEE CONCERN (UNIT 2)

" WELDING ON OR NEAR CONDUIT

O PULLBACK

INSPECTION RESULTS

" NO WELDING OR HEAT DAMAGE

° INSTALLATION DAMAGE NOTED

CABLES REMOVED FROM 28 ADDITIONAL CONDUITS FOR SCOPE ASSESSMENT
(Ul AND U2)

O ADDITIONAL DAMAGE NOTED IN ONE CONDUIT

U.CONN CONFIRMS DAMAGE MECHANISM AS PULLBY

PULL CHARTS DEVELOPED TO CATEGORIZE CONDUITS BY SWBP DURING PULLBYS

AS LOW, MODERATE, OR HIGH

HIGH CATEGORY

o IF NO PULLBY, ACCEPT AS IS

" OTHERWISE REPLACE

MODERATE CATEGORY

o IF NO PULLBY, ACCEPT AS IS

o IF PULLBY OCCURRED AND IS OVERFILLED, REPLACE CABLES

0 CONFIRM CATEGORIZATION BY WALKDOWN FOR INTERMEDIATE PULL POINTS

LOW CATEGORY

° ACCEPT AS IS PENDING TESTS TO CONFIRM THRESHOLD



PULLBY DISPOSITIONS BY CATEGORY

CATEGORY/TOTAL

ACCEPTABLE
BASED ON

NO PULLBYS

HIGH/132

ACCEPTABLE
BASED ON

FURTHER EVALUATION

0

MODERATE/241

LOH/7151*

*LIMITED TESTING AT THRESHOLD

REPLACE

N/A



TEST CRITERIA

REFERENCE NRC LETTER DATED MARCH 6, 1990

240 VOLTS/MIL X MINIMUM EQ THICKNESS NOT TO EXCEED 7200 VOLTS
OR 80 PERCENT OF FACTORY TEST VOLTAGE, WHICHEVER IS LESS

O TEST WILL BE PERFORMED WET EXCEPT WHERE ALL CABLES IN CONDUIT

ARE SHIELDED

POPULATION: SELECT WORST CASE CONDUITS

1. 15 OUT OF 20 VI AND V2 WORSE CASE CONDUITS

2. 15 OUT OF 20 V3 and V4 WORSE CASE CONDUITS. FOR V3 AND V4
CONDUITS, ADDITIONAL CONDUITS WILL BE WETTED IN THE CONDUIT
RUN TO PROVIDE INCREASED CONFIDENCE/INFORMATION.

IF ONE CABLE FAILS DUE TO PULLBY DAMAGE IN THE INITIAL
15 CONDUITS, TEST THE REMAINING 5 CONDUITS. IF CABLES IN
REMAINING 5 CONDUITS PASS, THEN TEST IS COMPLETE. IF NOT, THEN
SELECT NEXT 15 OUT OF 20 WORSE CASE CONDUITS AND REPEAT TEST.

IF TWO OR MORE CONDUITS IN THE INITIAL 15 CONTAIN FAILURES THE
REMAINING 5 CONDUITS WILL BE TESTED AND A SECOND GROUP OF
20 CONDUITS IDENTIFIED AND 15 CONDUITS SELECTED FOR TESTING
FROM THAT GROUP.

IF A CABLE FAILS FOR NONPULLBY DAMAGE A ROOT CAUSE ANALYSIS
WILL BE COMPLETED AND APPROPRIATE ACTIONS'TAKEN.



STATISTICAL BASIS

Confidence

95%

95%

95%

95%

95%

Low Category
with Damage

.0189

,00988

.00797

.00562

.00448

Distribution

1. Prior Expert

2. Update with data acquired from
extent of condition review.

3. Update with data acquired from
silicone cable removal/test.

4. Update with acceptable results
from a 20 conduit test.

5. UpdAte with acceptable results
from an additional 20 conduit
test.



STATISTICAL BASIS

Distribution Confidence

1. Prior Expert

2. Update with data acquired from
extent of condition review.

.3. Up date with data acquired for
silicone cable removal/test.

4. Update with acceptable results
from a 15 conduit test.

5. Update with acceptable results
from an additional 15 conduit
test.

95%

95%

95%

95%

95%

Low Category

with Damage

.0189

.00988

.00 797

.00602

.00493



ISSUE:

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

TECHNICAL
PROBLEM:

CABLE BEND RADIUS

MINIMUM ICEA RECOMMENDED CABLE BEND RADIUS WAS VIOLATED DURINGINSTALLATION. (CAP ITEM NO. 4.1.7) LONG TERM FAILURE OR REDUCTION OFLIFE POSSIBLE OR MECHANICAL DAMAGE CAUSING POSSIBLE INSULATION DAMAGE.

INADEQUATE ENGINEERING REQUIREMENTS AND INADEQUATE CONSTRUCTION ANDQC REQUIREMENTS

LOW VOLTAGE AND MEDIUM VOLTAGE CLASS lE CABLES

TVA DESIGN STANDARDS AND SITE PROCEDURES HAVE BEEN REVISED TO REFLECTICEA STANDARD BEND RADIUS VALUES.

MEDIUM VOLTAGE CABLE, LONG TERM ELECTRICAL FAILURE (CORONADISCHARGE) OR MECHANICAL FAILURE (BIRDCAGING). LOW VOLTAGE POWER ANDCONTROL CABLE, CONDUCTOR BIRDCAGING, INSULATION BUCKLING. FOR COAX;CONDUCTOR MIGRATION. ALL TYPES, POTENTIAL REDUCTION IN LIFE DUE TOREDUCED ELONGATION MARGIN.

RESOLUTION: 1. PERFORM TEST TO DETERMINE MECHANICAL DAMAGE THRESHOLD
AND LOWER BOUND BEND RADIUS FOR EACH CABLE SIZE

2. EVALUATE LIFE (PERCENT RETENTION OF ELONGATION)

3. ISSUE INSPECTION CRITERIA:

- COMPLETE

- 6/15/90

MV CABLES
LV CABLES

4. INSPECT CABLES AND REPLACE OR
RETRAIN AS NECESSARY

5. REVISE FSAR

6. CLOSE CAP ITEM NO. 4.1.7, CAQR WBP900019

7. DEVELOP TEST/ANALYSIS PROGRAM TO PROVIDE LONG
TERM SUPPORT OF REDUCED BEND RADII

8. DEVELOP LONG TERM MONITORING PROGRAM

- COMPLETE
- 6/15/90

- TIED TO
GROUP
TRANSFER
DATES

- 6/30/90

- 2/28/91

- 12/01/90*

- 12/01/90*

* - PROGRAM IN PLACE.

CONCLUSION: THE BEND RADIUS TEST, INSPECTIONS, AND REWORK WILL ENSURE WBN CABLEBEND RADIUS VALUES WILL NOT AFFECT THE SAFETY FUNCTION OF*THE CABLE.



BEND RADIUS TEST

OBJECTIVE

oPERFORM A REPRESENTATIVE CABLE TYPE TEST FOR CONDUCTOR SIZES USED
AT WBN

oDETERMINE THE BEND RADII AT WHICH PHYSICAL DAMAGE OCCURS (DAMAGE
THRESHOLD)

oESTABLISH WITH MARGIN THE LOWEST BEND RADII EACH SIZE CABLE (AWG)
CAN BE BENT AND THEN RETRAINED WITHOUT IMPACTING LONG TERM CABLE
PERFORMANCE (LOWER BOUND)



BEND RADIUS TEST

MEDIUM VOLTAGE POWER

METHOD

o ESTABLISH BASELINE CONDITIONS.

o BEND SPECIMEN TO ICEA STD (12X).

DETERMINE SHIELD OVERLAP.

o BEND SPECIMEN TO 8X, 6X, 5X, 4X,

DETERMINE SHIELD OVERLAP.

REMOVE OUTER JACKET, TAPE SHIELD, AND

3X, 2X, AND 1.5X. REMOVE OUTER JACKET AND

REMOVE TAPE SHIELD, INSPECT EXTRUDED INSULATION SHIELD (CUTS, GOUGES,.
PINCHING, ETC.).

REMOVE THE INSULATION AND STRAND SHIELD MEASURE OUTSIDE DIAMETER OF
CONDUCTOR IN THE BENT CONDITION.

ESTABLISH BEND RADII AT WHICH SHIELD SEPARATION OR CONDUCTOR DEFORMATION
OCCURS (DAMAGE THRESHOLD).

o BEND SPECIMEN TO IX ABOVE DAMAGE
JACKET, TAPE SHIELD, INSULATION,
(INCLUDE XLPE AND EPR).

THRESHOLD, RETRAIN TO 8X, REMOVE OUTER
MEASURE DIAMETER, AND DENOTE CONDITION

IF CONDITION ACCEPTABLE, IX ABOVE DAMAGE THRESHOLD IS THE LOWER BOUND.

RESULTS

ESTABLISHED DAMAGE THRESHOLD AT 3X (SHIELD SEPARATION, CONDUCTOR DEFORMATION
BEGINS).

o ESTABLISH LOWER BOUND AT 4X (BENT TO 4X, RETRAINED TO 8X CONDITION

ACCEPTABLE, SEMICONDUCTOR NOT DAMAGED, NO BIRDCAGING, ETC.).



BEND RADIUS TEST

LOWER VOLTAGE POWER AND CONTROL

METHOD

ESTABLISH BASELINE CONDITIONS.

o BEND SPECIMENS TO ICEA STD (4X, 5X AS APPLICABLE PER CABLE DIA). REMOVE
OUTER JACKET, INSULATION, MEASURE CONDUCTOR DIAMETER, AND EVALUATE
CONDITION, i.e., BIRDCAGING.

o BEND SPECIMENS TO 1/2 STANDARD, THEN DECREASE IN MULTIPLES OF IX.

o ESTABLISH BEND RADII OF CONDUCTOR DEFORMATION (DAMAGE THRESHOLD).

o BEND SPECIMENS TO DAMAGE THRESHOLD PLUS IX OR IF NO VISUAL DAMAGE AT

LOWEST BEND, BEND TO THE LOWEST BEND, RETRAIN TO ICEA STD, AND REMOVE
JACKET, INSULATION, AND EVALUATE CONDITION.

IF CONDITION ACCEPTABLE, 1X ABOVE OR LOWEST BEND AS APPLICABLE IS THE

ESTABLISHED LOWER BOUND.

RESULTS

ESTABLISHED DAMAGE THRESHOLD AT:
MINIMUM ACHIEVABLE BEND

CONDUCTOR DEFORMATION (BIRDCAGING) OR

< IX FOR AWG < #10

IX FOR AWG > #8 < 300

< 2X FOR AWG #300, #400, and #500

o ESTABLISHED LOWER BOUND AT:

IX < #10 AWG

2X > #8

(BENT TO 'LOWER BOUND, RETRAINED TO STD CONDITION ACCEPTABLE, NO
BIRDCAGING, ETC.)



BEND RADIUS SUMMARY
SCOPE: CLASS 1E CABLES

MVPWR
i/C
LV PWR

M/C
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l/C
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C.oNT3POLT ST NAL
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ANALYSIS AND
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EVALUATION OF REDUCTION IN QUALIFIED

LIFE RESULTING FROM SMALLER BEND RADIUS

" APPLIES TO 10 CFR 50.49 I/C POWER CABLES IN HARSH AREAS EXCEPT

CONTAINMENT AND MSVV

o ADDITIONAL ELONGATION FROM BENDS AT RADII BELOW STD REDUCES MARGINS

° ANALYSIS ASSUMES INITIAL ELONGATION AT MINIMUM ICEA ALLOWABLES

o ANALYSIS CONSERVATIVELY ASSUMES 60 PERCENT END OF LIFE POINT

o APPLIES ARRHENIUS TECHNIQUE TO ESTABLISH FULL 40-YEAR LIFE OF NONPOWER

CIRCUITS IN CONTROL AND SIGNAL APPLICATIONS

" THE EXPECTED REMAINING LIFE FOR POWER CABLES BY CONSTRUCTION IS:

iX BEND 2X BEND
TYPE II EPR 22 32
XLPE 30 35

-- r
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TYPE II EPR (90 DEG RATED)

CONTROL OR SIGNAL APPLICATIONS (60 DEG)
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TYPE IL EPR
POWER CABLE
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VENDOR CABLE BEND RADIUS

BEND RADIUS OF VENDOR CABLES LEAVING THE TOP OF THE 250 VOLT
CIRCUIT BREAKER INSIDE DIESEL GENERATOR (DG) CONTROL CABINETS
lA-A, 1B-B, 2A-A, AND 2B-B DOES NOT CONFORM TO ICEA STANDARDS.
THIS ITEM IDENTIFIED DURING NRC CAT ASSESSMENT.

ROOT CAUSE:

EXTENT:

RECURRENCE
CONTROL:

THE VENDOR (MORRISON-KNUDSEN, MK) DID NOT ADHERE TO THE
INDUSTRY REQUIREMENTS

1. ALL VENDOR CABLES LEAVING THE TOP OF THE 250 VOLT CIRCUIT
BREAKER INSIDE DG CONTROL CABINETS IA-A, lB-B, 2A-A, AND
2B-B

2. FURTHER REVIEW IN PROGRESS TO DETERMINE EXTENT OF CONDITION

VENDOR EQUIPMENT INTERNAL WIRING SPECIFICATION WILL BE DEVELOPED
OR EQUIPMENT PROCUREMENT SPECIFICATIONS WILL BE REVISED, AS
APPLICABLE, TO SPECIFICALLY IMPOSE CABLE BEND RADIUS
REQUIREMENTS FROM THE ICEA STANDARDS OR AS ESTABLISHED BY
TESTING

RESOLUTION: 1. MORRISON-KNUDSEN TO REWORK/REPLACE THE CABLES
INSIDE THE DIESEL GENERATOR CONTROL CABINETS TO
AN ACCEPTABLE BEND RADIUS

2. COMPLETE EXTENT OF CONDITION REVIEW

3. ADDRESS DEFICIENCIES FOUND DURING EXTENT
OF CONDITION REVIEW AND DETERMINE C/A

4. RESPOND TO NRC CAT ITEM 1647J-21

5. CLOSE CAQR WBN900214

CONCLUSION:

- 6/5/90

- 7/1/90

- 7/16/90

- 7/31/90

- 1/28/91

VENDOR CABLE BEND RADIUS WILL BE IN COMPLIANCE WITH INDUSTRY
STANDARD OR MANUFACTURERS' REQUIREMENTS

ISSUE:



SUMMARY

o EVALUATION OF PAST ENGINEERING/CONSTRUCTION PRACTICES
REVEALED:;

DESIGN SPECIFICATIONS LACKED NECESSARY GUIDANCE ON
INSTALLATION PARAMETERS IN KEY AREAS

INSTALLATION PRACTICES REUED HEAVILY ON
CRAFT EXPERTISE

O TO UNDERSTAND IMPACT ON, PLANT. TVA HAS PERFORMED AND
IS CONTINUING EXTENSIVE AI•ALYTICAL EVALUATIONS AND
PHYSICAL TESTING

o EVALUATIONS AND TESTING INCLUDE:

HIGH POTENTIAL INSITU TESTING OF CABLE

FULL EQ TESTING OF CABLE SAMPLE REMOVED'
FROM THE PLANT

SIGNAL TRACING OF CABLES

SIDEWALL BEARING PRESSURE CALCULATIONS ON
WORST CASE CABLES



SUMMARY

COMPUTER CABLE ROUTING SYSTEM DATABASE VERIFICATION

WALKDOWNS OF:

HOT PIPE INTERACTIONS

VERTICAL CONDUIT

VERTICAL TRAY

10 CFR 50.49 SPLICES

CABLE BEND RADIUS

o EVALUATION AND REVISION OF INSTALLATION SPECIFICATIONS

o ONGOING EVALUATION AND REVISION OF INSTALLATION
PROCEDURES AND PRACTICES

o SIGNIFICANT REPLACEMENT EFFORTS WILL BE COMPLETE
BY UNIT 1 STARTUP:

666,000 FEET OF CABLE FOR CABLE DAMAGE

ALL 10 CFR 50.49 SPLICES

REWORK OF INBOARD/OlUTARD CLASS 1 E PENETRATIONS
FOR CABLE INSTALLATION CRITERIA



CONCLUSIONS

o TVA HAS DONE EXTENSIVE ENGINEERING ANALYSIS, LAB TESTING,
IN-SITU TESTING, AND FIELD INSPECTIONS/WALKDOWNS TO
UNDERSTAND AND DEFINE CABLE ISSUES

o THE MATERIAL PRESENTED PROVIDES A CORRECTIVE ACTION
PROGRAM THAT WILL LEAD TO RESOLUTION OF KNOWN CABLE ISSUES

o ADDITIONAL FIELD DATA WILL CONTINUE TO BE EVALUATED AS
ACQUIRED TO PROVIDE CONTINUING INTEGRITY OF THE CABLE CAP

o CORRECTIVE ACTION PROGRAM IMPLEMENTATION AS DESCRIBED
PROVIDES REASONABLE BASIS FOR THE LICENSING OFWATTS BAR



CABLE ISSUE BACKGROUND

ORIGIN OF CABLE CAP

1985 EMPLOYEE CONCERNS LED TO:

TVA GROUPING OF CONCERNS

CABLE ISSUES WAS ONE OF MAJOR GROUPINGS

TVA BEGAN COMPREHENSIVE REVIEW OF INSTALLATION
SPECIFICATIONS AND PRACTICES

IN 1987 NRC ISSUED TECHNICAL EVALUATION
REPORT OF CABLE INSTALLATION PRACTICES

TVA CAPTURED EVALUATION EFFORTS THROUGH CORRECTIVE
ACTION PROGRAM (CAP) TO ADDRESS WEAKNESSES IDENTIFIED
BY:

TVA REVIEW

NRC TECHNICAL EVALUATION REPORT

.ORIGINAL CABLE CAP DEVELOPED AND SUBMITTED
IN DECEMBER 1988



CABLE ISSUE BACKGROUND

O PRIOR TO COMPLETING DISCOVERY (JUNE 1989):

CABLE DAMAGE DISCOVERED AS PART OF EMPLOYEE CONCERN
INVESTIGATION

IN JUL/AUG 1989 TVA SURGICALLY REMOVED AND INSPECTED
APPROXIMATELY 38,000 FT OF CABLE

TVNCONTRACTOR ANALYSIS CONFIRMED DAMAGE RESULTED FROM
CABLE PULLBYS

o CABLE CAP REVISION SUBMITTED IN DECEMBER 1989 TO ADDRESS
FINDINGS AND RESOLUTIONS OF CABLE PULLBY ISSUE

TVA CABLE DAMAGE RESOLUTION:

EVALUATE CONDUITS FOR CABLE DAMAGE

SEPARATE INTO TWO BASIC CATEGORIES - HIGH AND LOW RISK

TVA WILL REPLACE CABLES IN HIGH RISK CONDUITS WHERE
PULLBYS WERE PERFORMED

APPROXIMATELY 660,000 FEET OF CABLE WILL BE REPLACED FOR
CABLE DAMAGE

o OVERALL, CABLE ASSESSMENTS HAVE EVOLVED SUBSTANTIALLY AS
A RESULT OF ENGINEERING ANALYSIS, LABORATORY TESTING,
IN-SITU TESTING AND FIELD WALKDOWNS/INSPECTIONS


