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Pref ace

This subcategory report isone of a series of reports prepared for the

Eapl oyee Concerns Special Program (ECSP) of the Tennessee Valley Authority
(TVA).  The ECSP and the organization which carried out the prograi, the
Enpl oyee Concerns Task Goup (ECTG, were established by TVA's Hanager of
Nucl ear Power to evaluate and report on those Office of Nuclear Power (ONP)
enpl oyee concerns filed before February 1, 1986. Concerns filed after that
date are handled by the ongoing ONP Enpl oyee Concerns Program (ECP).

The ECSP addressed over 5800 enpl oyee concerns. Each of the concerns was a
formal, written description of a circunstance or circunstances that an
employee thought was unsafe, unjust, inefficient, or inappropriate. The

m ssion of the Enployee Concerns Special Program was to thoroughly
investigate all issue. presented in thr concerns and to report the results
of those investigations in a form accessible to ONP employees, the NRC, and
the general public. The results of these investigations are conunicated
by four levels of ECSP reports: elenent, subcategory, category, and final.

El ement reports, the lowest reporting level, will be published only for
those concerns directly affecting the restart of Sequoyah Nuclear Pl ants*
reactor unit 2. An elenent consists of one or more closely related
issues. An issue isa potential problem identified by ECTG during the
eval uation process as having been raised inone or nore concerns. For
efficient handling, what appeared to be simlar concerns were grouped into
elements early i nthe program, but issue definitions energed from the
evaluation process itself. Consequently, Im elenents did include only
one issue, but often the ECTG evaluation found more than one issue per

el et .

Subcat egory reports sunurize the eval uation of a nunber of el emts.
However, the subcategory report does nore than collect elenent level

eval uations. The subcategory level overview of element findings leads to
an integration of information that cannot take place at the el ermnt level.
This integration of information reveals the extent to which problens
overlap nore than one element and will therefore require corrective action
for underlying causes not fully apparent at the elenment |evel.

To make the subcategory reports easier to understand, three itens have been
placed at the front of each report: a preface, a glossary of the
tem nol ogy unique to ECSP reports, and a list of acronyns.

Additionally, at the end of each subcategory report will be a Subcategory
Sumary Table that includes the concern numbers; identifies other
subcategories that share a concern; designates nuclear safety-related,
safety significant, or non-safety related concerns; designates generic
applicability, and briefly states each concern.

Either the Subcategory Sumary Table or another attachment or a conbination
of the two will enable the reader to find the report section or sections in
which the issue raised by the concern i s eval uated.
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The subcategories are themselves summarized ina series of eight category

reports. Each category report reviews the mgjor findings and collective
significance of the subcategory reports inone of the followng areas:

managenent and personnel relations
* industrial safety
* construction
material contro
oper ations
qual ity assurance/quality contro
* welding
engi neering

A separate report on enployee concerns dealing with specific contentions of
intimdation, harassment, and wongdoing will be released by the TVA Office
of the Inspector General

Just as the subcategory reports integrate the information collected at the
elenent level, the category reports integrate the information assenbled in
all the subcategory reports within the category, addressing particularly
the underlying causes of those problems that run across nore than one
subcat egory.

Afinal report will integrate and assess the information collected by all
of the lower level reports prepared for the ECSP, including the | nspgctor

Ceneral"s report.

For more detail on the methods by which ECTO epl oyee concerns were
evaluated and reported, consult the Tennessee Valley Authority Enployee
Concerns Task Group Program anual. The Manual spells out the prograns
obj ectives, scope, organization, and responsibilities. 1t also specifies
the procedures that were followed i nthe investigation, reporting, and
closeout of the issues raised by enployee concerns.
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ECSP GLOSSARY OF REPORT TERMS*

classification of evaluated issues the evaluation of an issue |eads to one of
the follow ng determnations:

Cass A |ssue cannot be. verified as factual

Cass B: Issue isfactually accurate, but what is described is not a
problem (i.e., not a condition requiring corrective action)

Cass C Issue isfactual and identifles a problem but corrective action
for the problemwas initiated before the eval uation of the issue
.was undertaken

Cass D Issue is factual and presents a problemfor which corrective
action has been, or isbeing, taken as a result of an evaluation

Cass E A problem requiring corrective action, which was not identified
by an enployee concern, but was reveal ed during the ECTG
eval uation of an issue raised by an enpl oyee concern.

col lective significance an analysis which deternmines the inportance and
consequences of the findings ina particular ECSP report by putting those
findings inthe proper perspective.

concern (see "enpl oyee concern")

corrective action steps taken to fix specific deficiencies or discrepancies
reveal ed by a negative finding and, when necessary, to correct causes in
order to prevent recurrence.

criterion (plural: criteria) a basis for defining a performance, behavior, or
qual ity which ONP inposes on itself (see also "requirenent").

element or elenent report an optional level of ECSP report, bel ow the
subcategory level, that deals with one or nore issues.

enpl oyee concern a formal, witten description of a circunstance or
circumstances that an enployee thinks unsafe, unjust, inefficient or
inappropriate; usually documented on a K-formor a formequivalent to the

K-form
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evaluator(s) the individual (s) assigned the responsibility to assess a specific
groupi ng of enployee concerns.

findints includes both statenents of fact and the judgnents nade about those
facts during the evaluation process; negative findings require corrective
action.

issue a potential problem as interpreted by the ECTG during the eval uation

process, raised inone or nbre concerns.
K-form (see "enpl oyee concern")

reauirement a standard of performance, behavior, or quality on which an
eval uation judgment or decision may be based.

root cause the underlying reason for a problem
*Terns essential to the programbut which require detailed definition have been

defined in the ECTG Procedure Manual (e.g., generic, specific, nuclear
safety-related, unreviewed safety-significant question).
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Di vi sion of Nucl ear Engineering
Division of Nuclear Quality Assurance

Di vi sion of Nuclear Training

Department of Energy

Di vision Personnel Officer

Di screpancy Report or Deviation Report
Ensi neering Change Notice

Enpl oyee Concerns Program

Enpl oyee Concerns Program Site Representative
Enpl oyee Concerns Special Progran

Enpl oyee Concerns Task G oup

Equal Enpl oyment Qpportunity Comni ssion
Envi ronmental Qualification

Energency Medical Responre Team

Engi neering Design

Enpl oyee Response Team or Energency Response Team
Fiel d Change Request

Final Safety Analysis Report

Fi scal Year

General Enpl oyee Training

Hasard Control Instruction

Heating, Ventilating, Air Conditioning
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Institute of Nuclear Power Qperations

I nspection Rejection Notice
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L/ R Labor Relations Staff
MRA Modi fications and Additions Instruction
M Mai nt enance | nstruction
VSPB Merit Systems Protection Board
M Magnetic Particle Testing
NCR Nonconform ng Condition Report
NDE Nondestructive Exami nation
NPP Nucl ear Performance Pl an
NPS Non-plant Specific or Nuclear Procedures System
NQAN Nucl ear Quality Assurance Manual
NRC Nucl ear Regul atory Comi ssion
NSB Nucl ear Services Branch
NSRS Nucl ear Safety Review Staff

NU CON Division of Nuclear Construction (obsolete abbreviation, see DNC)
NUMARC Nucl ear Wility Management and Resources Comittee

OSHA Gccupational Safety and Heal th Administration (or Act)

ONP O fice of Nuclear Power

Office of Vorkers Conpensation Program

Personal History Record

Liquid Penetrant Testing

Qual ity Assurance

Qual ity Assurance Procedures

Quality Control
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CONSTRUCTI ON SUBCATEGORY  REPCRT
19200

Conduit and Cable Tray

Executive Summary

Summary of |ssues

This report evaluated a total of twenty-th~ee (23) enployee concerns. These
concerns were divided into three (3)min groups consisting of: conduit,
cable tray, and conduit fittings. The concerns were generally site-specific
to Watts Bar Nuclear Plant (WBN) with two (2) exceptions which were specific
to Bellefonte Nuclear Plant (BLN). The perceived problens related to each
main group resulted i ntwelve (12) problemareas identifiled i nthe conduit
group; two (2)problemareas inthe cable tray group, and one (1) problem area
i nthe conduit fittings group.

The twelve problem areas inthe conduit group can generally be discussed
collectively for specific and non-specific hardware concerns as: inadequate
work practices or deficiencies, inadequate deisign guidance, rework of conduit
systems, and quality problems related to conduit materials. Of the twelve
probl em areas, five produced negative findings at WBN and required additional
corrective action. These five (5) areas were also deemed generic and were
eval uated at all active TVA nuclear sites.

The two (2)problem areas inthe cable tray group were not factual and were
non- generic.

The one (1)problemarea i nthe conduit fittings group was factual and generic
to all active TVA nuclear sites except BFN

Within the conduit group factual problem areas were determined to be: 1)
conduits had excessive bends between pull points, 2) poor quality conduit
materials had been received, 3) cable overcrowding had occurred, 4) flexible
conduit Installations were questionable, 5) deficiencies existed i nthe good
industrial practice of protecting installed conduit. The one (1) concern
voiced in the conduit fitting group !.evoaled a deficiency related to the
control of reactive netals within the confines of the Reactor Building.

The remaining issues and/or concerns were either not factual or TVA had
properly addressed the issues and ta— the appropriate actions.

The attached "Tracking Swnary Table" lists the perceived problem areas and
general |y depicts the significance or each issue covered Inthis report.

A874T
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Vél or Fi ndi ngs

The evaluation of the conduit grouping of concerns reveal ed three (3) DNE
desi gn deficiencies which have the potential to adversely affect each active
site's reliability and suitability-for-service related to the established
requirements. The three deficiencies noted relate to the conduit installation
criteria specified by DNE inthe design output document G C.S-G40 or the
retroactivity (backfit) aspect of those established requirenents pertaining to
past installations. The question of "backfit" resulted fromfornerly
deficient design output documents G C.S. -G and N2E-860. The specific
deficiencies noted were: 1) conduits had accunul ated bends of more than 360"
between cable pull points, 2) conduit overfill occurred because of inadequate
DNE routing assignment controls, 3) and flexible conduit installations are
questiorable related to mninum length, bend radius, and the connector
torquing requirenents.

Concerns which dealt with the quality of conduit materials were substantiated
to varying degrees fromsite to site and identified deficiencies involving the
procurenment process, receipt inspection, material issue, and/or installation
procedures. Additionally, the enployee concern related to conduit cleanliness
revealed that an infraction had occurred inthe good industrial practice
program of providing protection to the condult systemwhen the permanent pul |
box covers, etc. were renmoved. This lack of protection allowed dirt and
debris to enter the conduit introducing the potential to damage the cables
during pulling activities.

I nadequaci es were identified inthe existing prograns related to the DNE

eval uation of retrofit (backfit) requirenents of newy established or revised
criteria related to the past installations of flexible conduits. In addition,
prograns which were devel oped to document conditions adverse to quality (CAQs)
were neither effectively nor accurately assessed for significance or generic
applicability. It was also noted that when problems were identified in the
appropriate nonconformance reports, haphazard and inadequate responses from
the affected sites masked or hanpered the resolution of the issue identified.
I'n some cases the correction nethods specified by DNE (inresponse to the
problens idintified) were inappropriate to ensure consistent, conplete and
accurate resolutions. These inadequate correction methods did contribute to
(at least inthe major issue of flexible conduit) site procedure violations.

The single finding inthe conduit fittings group was that DNE had not
effectively controlled or accounted for non-coated zinc reactive netals within
the confines of the containnment vessel at all sites except BFN. This |ack of
control and accountability introduced the potential for nore hydrogen to be
produced within the confines of the containment than was anticipated by the
cal cul ation packages prepared by DNE.

Col I ective Sitnificance of Findings

Weaknesses were identified inthe DNE Electrical Design Organization, which
resulted ininappropriate installation criteria and correction methods being
issued. Deficiencies were present inthe design output docunent related to
excessive conduit bends, flexible conduit installations and the perceived
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probl emassociated with the use of reducing bushings (actually deternmined to
be a result of cable overcrowding). These deficiencies were inturn

propagat ed throughout the work controlling procedures utilized by the
construction forces. These conditions resulted inthe need for

post - construction wal kdowns, re-inspections, engineering evaluations, and

| aboratory tests. Al of these activities contribute to the potential for
plant rework and may affect each active TVA nuclear site's reliability or
suitability-for-service given the established requirements. The issues of
excessive conduit bends and overcrowding of the conduit systemplaces sone of
the installed cables at all active sites inan indeterninent status. The
potential exists that the allowable cable side wall pressures may have been
exceeded during the cable pulling activities. DNE ispresently evaluating
these and other simlar cable problens to determne each site's needs to neet
those reliability or suitability-for-service requirenents. Further
discussions related to cable overcrowding iscontained inthe Construction
Cat egory Cable Report 10900.

The adequacy of flexible conduit installations at all active sites was also
indetermnate and requires a re-evaluation by DNE. Reconsideration nust be
given to all aspects of the installation process to ensure the intent of the
established requirenents are net. The evaluation of this issue isunderway by
DNE at SQN and this baseline evaluation programwi ||l probably provide a basis
for evaluating simlar conditions at other sites.

The suitability for service of each active site was not conpronised by the
deficiencies associated with poor quality conduit naterials nor the poor work
practices associated with conduit cleanliness. As related to the introduction
of uncontrolled die cast zinc (reactive metals) inside containment at VBN,

SN, and BLN, it issignificant to note, that nore hydrogen may be produced
during a design basis event than was anticipated. DNE was ineffective in
establishing adequate controls for such materials and additional engineering
evaluation isrequired to determine the inpact on post accident plant

operat i on.

The programmatic deficiencies identified throughout this report can be
sunmari zed as:  inadequate control of the retroactivity (backfit) of newy
established or revised requirenents; inadequate identification, control, and
determ nation of those corrective actions required; and inadequate
responsibility assignnent to determ ne how wide-spread (generic) or
significant deficiencies are throughout the TVA organization.

An overview of the technical deficiencies contained inthis report indicate
that each active TVA nuclear site's reliability or suitability for service
woul d not have been conprom sed had the design output documents accurately
reflected the needed requirements. Additionally, had the proper DNE
evaluation of the flexible conduit issue taken place in 1980 as requested by
NSRS, and i n subsequent revisions to those established requirenments, the
question of suitability-of-service related to this Issue would have been
resol ved wel |l before the start-up schedul e.

Enpl oyee effectiveness inthe constructing organization indicated that the
construction work control was adequate to ensure that the minimum requirenents
established by DNE were met when these requirements were properly included in
construction specifications. The enployee effectiveness was conpronised when
DNE directives were supplied via the nmeno type approach.

Page 3 of 6



Causes of the Major Findints

Conduit problenms such as excessive bend violations and flexible conduit
installation deficiencies generally resulted fromthe |ack of adequate
guidance and criteria inthe design output documents GC S-G40, G C S 4-3, and
N2E-860 (within the timeframes that each was effective). The associated work
controlling procedures were inturn inadequate inthose areas. The
chronol ogi cal events relative to the flexible conduit issue indicated that as
problenms were identified, timely, adequate and effective responses to
conpletely resolve the issue were not provided. The DNE evaluation related to
the revised or newy established criteria was sonmetines inadequate to ensure
that past flexible conduit installations would perform their intended

function. Problems which were identified i nappropriate non-conformnce
reports were inadequately reviewed for significance and generic applicability
and may be attributed (inpart) to the inadequate coordination and

conmuni cation of the design and construction efforts. The site responses were
either not adequate to fully address the issue or non-existent (i.e.; not
docunented). I nsone cases, the correction nethods specified by DNZ were

i nappropriate to ensure that past flexible conduit installations were
accept abl e.

Related to the quality aspect of conduit materials, procurenent controls,
recei pt inspection, and insome cases the installation procedures were not
adequate to prevent or detect suspect conduit materials before issue or
installation. Inconsistencies were also identified related to the application
of the DNE requirements (established by meno) for procuring conduit and
associated hardware from a QA approved vendor.

Conduit cleanliness concerns basically resulted from deficiencies ina "good
industry practice" program which would require protection of permanent plant
material and equipnent. The work controlling procedures were inadequate to
provide this protection when the conduit systems were installed or if the
pernmanent pull box covers etc., were renpved

The issues of conduit overfill resulted from inadequacies inthe DNE Cable
Routing Programand i sdiscussed i nthe Construction Category Report 10900
entitled "Cable".

The lack of control of reactive metals within the confines of containment was
attributed to inadequate DNE procurement controls and procedural guidelines
for limting or identifying the use of the noted fittings inside containment.

Corrective Action of Mjor Findings

I ngeneral, to provide assurance that each active TVA nuclear site is

suitabl e-for-service (given the established requirements) related to the
installed conduit systems, requests were made for DNE to eval uate past conduit
installations that have the potential to adversely affect the safety of plant
operations. I nresponse to the problems identified as excessive conduit bend
violations and conduit overcrowding, DNE |sevaluating the entire cable
Installation program and I nso doing will effectively address these as well as
other simlar cable problems. The issue of flexible conduit Installations
pronpted arequest for DNE to perferm a conplete re-evaluation of the existing
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installations related to 10 CFR 50.49 equipnent and pipe nounted devices
Comui tment was nmade by DNE to thoroughly investigate this issue and establish
conplete and acceptable guidelines for each site to utilize inorder to

qual ify or evaluate existing installations. Conmitnent was also made by DNE
to identify and rework any deficient conduit systemor flexible conduit
installation

I norder to assure that the identified programmtic deficiencies related to
the inproper evaluation of retroactivity (backfit) of new or revised
requirements and the inproper control of conditions adverse to quality; DNE
and ONP (respectively) were requested to ensure the proper eval uation was
perforned and documented, and that a clear line of responsibility was
established to ensure accurate resolution of those problens identified as
CAG. Inresponse to those requests, the appropriate DNE engineering
requirements procedures were revised to clearly Indicate that the proper
evaluation of all newrevised requirements was required and that this

eval uation woul d be docunented. This docunentation isnow required to contain
the logical reasoning insupport of the actual -determination of retroactive
(backf it ) application. ONP responded to.the CAR deficiency by describing the
current CAQR program which places the responsibility of the determnation of
generic applicability and significancy of-the condition within two (2)

organi zations within TVA dnd stated that the'tracking of those deficiencies
woul d be performed inasingle program

The inconsistencies identified related to the procurement of quality conduit
materials and deficient site work controlling procedures were requested to be
strengthened. The response from DNE general Iy inposed more stringent controls
for the procurement of conduit materials. This was to be acconplished by
deleting the section inthe material specification which allowed the waiver of
any and/or all of the inspections, tests or tests reports. Additionally, the
appropriate design output document would be changed to require adherence to
the revised material specification. Inlight of those quality assurance
requirenents, (i.e., documentation) DNE committed to investigate the i ndustry
practice, and TVA's specific needs to deternmine whether further upgrading wll
be required for conduit procurenents. Conmitments were made from each
affected site to strengthen the appropriate work controlling procedures inan
effort to identify defective or suspect conduit materials. Simlarly, each
affected site committed to strengthen the work controlling procedur es
(utilized to install conduit systems) to provide added protection of the
installed conduit by placing permanent or tenporary covers on all openings in
an effort to prevent dirt or debris fromentering the conduit system

Di scussion of the corrective action required to resolve the conduit overfil
issue iscontained inthe Construction Category Report 10900 entitled "Cabl e$.

I'norder to provide anore accurate estimate of hydrogen release within the
confines of the containnent vessel during a design basis event, requests were
made for DNE to inplement nore stringent controls for non-coated zinc reactive
metals and to evaluate the potential “effect of an indetermnent amount of die
cast zinc conduit fittings within the confines of the Containment Bui | di ng.

I nresponse, DNE conmitted to revise the design output docunent G C. S-G40 to
control zinc materials Inside the Reactor Building and to utilize TVA

Page 5of 6



specification 21.001 for conduit material procurenents to ensure only coated
materials wore supplied by vendors. A commitment was also nad* to evaluate or
obtain accurst* inventories of die cast zinc (reactive netals) inside the |,
contai nment and include their Inventory in the hydrogen cal cul ati on packages.
Addi tionally, procedures would also be devel oped to describe or control the
inventory and/or calcul ation methods used for future updates of the
appropriate cal cul ati on packages.
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| I nadequste | DNE to conplete the
Idesign out-1 evaluation of the
I put docu- | cable side wall
Iments and | pressure testin
Isite work | conducted at Centrall
llpomicetlirred. Lab and disposition
| procedures. | the installed con
| | duit at UBN. SQN |
BFN. and BLN. Re- |
work conduit systens
as required. (CATD
19200- NPS- 01, 19201

SQN\- 05)

SON incorporate bend
criteria into

MEAI -6.  (CATD
19201- SQN- 04) .

BFN revised NI Al -27 |
as aresult of this
eval uation. No

CATD was required.

ATTACHVENT A
Paze 1 of 15
S| GNI FI CANCE | COLLECTI VE
| SIGN
None None

Contributed to the Sone

potential to exceed conduit in

t he maxi mum cabl e stal |l ati ons

| side wall pressure at all

al  owabl es (values), active TVA
sites are
question
abl e.



Executive Sunmary Table

| SSUES [Se INS |

| | |

(c) Conduit I Xl I
congesti on andl |
maj or rework | |

occurred

partly be- I I
cause TVA I |
conprom sed I |

speci ficati onsi

and accepted |

of f-scal e I

equi prent . I

Note - | I
Conprom sed |
speci ficati onsl |
and off-scale |
equi pment was |
perceived to | |
relate to I
pi ping or any |
per manant
pl ant feature |
whi ch was not |
installed per |
est abl i shed I |
DCE gui de I
l'ines. [
I
(d4 Conduits
issued to the |
craft were |
damaged ad | I
made of poor | |
qual ity or I
inferior I i
materi al s. I

CORRECTI VE ACTI ON TRACKI NG SUHHARY
REPORT 19200
CONDUI T AND CABLE TRAY

FINDINGS CAUSE CORR ACT.

Rewor k occurred since I None None
conduit is installedfield]

routed on a nanagt:..ent

assuned risk basis. No

i nstances of rework I

resulting from conpronised

specifications were found.

| ssue was consi dered

non- generi c.

Del
DN E
Di rectives

| SON to revise Al-II
to establish
speci fic guidelines

Site work controlling ci ent
procedures (except BF) I

exhi bi t ed weaknesses jn |

ei ther the procurenent. for receipt inspec
recei pt, issue or tion of conduit
installation processes. materials. (CATD
St rengt heni ng those pro | 19201- SN-01)
cedures was deened 1SQ to initiate

necessary to nore

I ccurately detect.
«aael or deflective

appropriate trainingl
for conduit instal-
It ons i.e.. @40

Page 2 of
S| GNI FI CANCE

None

Installation diffi
culties had been
encountered. The
potential to damage
the cable during
pulling activities
was present due to
defects such as
burrs, sharp edges,

| etc. This
1 eval uatj an.t.eeal ed

15

| COLLECTI VE

SI GN
None

Three of
Ithe four
active TVA
nucl ear
sites
exhibited
weaknesses
insite

pr ocedur es

involving
CelUr e-
ocur e-



al

secteU Sunmeery Table

SSU«S ISR INS |

l-onrtied |

FI NDUGS

I conduit and associ at ed
DE directives
to procure conduit

bar dwar e.

froma |

QA approved rador uws eott

cosisteNtlly utillzed for
condui t systens. |

procuringl
Issue was teonoeric.

COIRECTIVE ACTION TRACKI NG SUMVARY
REPCRT 19200
COMDUIT AND CABLE TRAY

COR ACT. I

" Srequirenents.
| (CATD 1921- SQ 06) |
| BLS to revise BP I

QCP 1.1 to assign

the responsibility
for determnian the |
material storage

| evel requirenents.
Al'so. UW 10.12
required revision

to detect materiaT
defects at the tinme |
of issue. In I
addi tion, SP-QCP- |
3.32 *ad BMP-QCP-3.21
required revision tol
i nspect conduit and |
fittiags for I
irregularities that |
have the potential

to damuge the

cable at the [
tinme of instal- I
lation. (CATD
19200-BL N-01)
WBN to streagthen |
the receipt inspec- |
tion procedure
VBN-QCP 1.06 to
identify conduits I
defects.  (CATD
19200-WBM-03). |
Corporate DE was I
requested to ro

enphasi s the direc
tive to procure 5
conduit and fitting

~—~

Pate 3 of 15
SIGNIFICACE ICOLLECTIVE
Jra. |-—

that all installed neat
cables receive receipt,
either a pre-opera i ssue, and/
tional or a func or instal
tional test and thisl lation of
provi des assurance condui t
that the installed syst ens.

cables will perform
their intended
function. Pl ant
safety was not

conpr om sed.



| Qut i

Is

Cont i ued

(1) Conduits were

(tf

sot installed
is accordace
with -
designed
drawings with
respect to
juction box/

conduit iater-I

face.

Improper spare
conduit fir*e
barrier ples

were
installed.

X

Sumary Tabl e

* Qs

CORRECTIVE ACTI ON TRACKING SUMNARY
REPORT 19200
CONDUIT AND CABLE TRAt

FINDINS |

[ 11
I
I

The ERT ilvestigation ce-

port reveal ed a particular

conduit perceived as as |
improper installatio. [

N8 issued drauewis and I

inspection of the specific

conduit identified o

deiciencies. This I

concern was ot factual.

Issue considered noa

*eneric. I

The proper fire barrier |
plugs ar specified by I
E sad were observed i I
the field. Temporary capsl
were used durlg I
coastructie but wre |
roved before tra er |
tomclear power. This |
concern as not factual.
Issue considered son
generic. I

CAUSE

S

one

None

C8F!§ ACT.

rfra QA approved

vendor by properly
placing the require

IlmMts in the

appropriate doesign
out put docunents.
(CATD 19200-NPS-06)

None

one

SIGNIFICAMCE

one

Nong

ICOLLECTIVE

I None

o
one



CORRECTIVE ACTION TRACKI NG SUMVARY
REPORT 19200
CONDUIT AND CABLE TRAY

over-crowdi ng t as

generic because of impro

per routin assignmeat by

OE and did not result

from the use of reducing

bushligs nor undersized | *
wall sleeves. See the

Costruction Report 10900

"Cable" for complete

evaluatio. |

Esutiea Summary Table S
|SSUES NG CAUSE CORR ACT. SIGNIFICANCE ICOLLECTIVE
| R - i | SIGN.

(gWw  Cable over I Xi1 1 The use of reducing Improper  See report C010900  The allowable | Overcrowd
crowdiag | bushi gs was factual but tE | maximum cable side | In of the
occurred | acceptable since it routing | wall pressures nay condui t
becase of thg | posed so threat to the assisnmentl | have been exceeded syst ens
use of | | pulled cable as | og as | (Rleferene | durian installation places
reducleg | requl remants |n applicabl el 010900) activities. | some of
bushi gs and | desi gn steadards and pro Ithe in
odersized I cedures for conduit fill Sstal |l ed
wall sleeves. | and masimm pull tension Scabl es at

I were met. so undersized lall active
I wall sleeves were noted STA sites
I during the evaluatioas. Sin an

I The issue of cable Sindeter min

Sant st at us.



CORRECTIVE ACTION TRACKING SUMMARY
REPORT 19200
CONDUIT AND CABLE TRAY

Exftfie % 'y TablelCC
[ SSCUE 1St 1S F! S | Cb5coR ACT. SIGNIFICAaCs 6 Oi LECTIV
| [ | ! ) a .
(M Flex coaduit I | G.CS-Go did not effec- | Deficient | pig to revise ~ ~ ~ No assuriace exist Past fles
coepligs wer el tively address each DNE GCSHAO0to that each site was i ble con
net properly | ! mnaufacturer’s torquian guidanco. | properly address aware of the duit in
torqued ad I | reggiremnts (such as | the torquing torquing require Istallations
codult m I | Thoms & Betts) and the | requirements of mmts (values) and  Sat all
not be required lafozr-tion m | [f1exible conduit this aay have Sactive TVA
completely not have been available or bssemblies. resulted in recent nuclear
screwd I utilized at all active | (CATD 19201- NPS- 02) findings of |oose Ssites ro
toSether. TVA nuclear sites. condui t couplinas Squire re
Becarse of the UBV by NRC at SQN. levaluation
evaluatio, incompletely Shy ONE.
screoed together conduit
was perceived to be in | ' DC-BLN to revise | foqint of the Sone flex
reference to flexible | the applicable site | f|exible conduit conduit
coduit installations. | installation/ | couplinga  at SLi assenbl i es
| ssue was geerlic. | nspection | was not perforned may not
| procedures to | to any prescribed perform
| require torquian of | value. their
| flex conduit I intended
| coupliags to I function.
| manufacturer's I
| instructions. [
( CATD 19200- BLN-03) |
I
SQ-CA-S013 was not pro Failure to| sQN was requested tcll | nadequat e det er- | Some flex
perly evaluated for identify | reevaluate the , Imination of siani condui t
Si gi pi cace or geseric commOn us | siaificance aad | ficance and generic assemblies
applicability. of G.C.S. | geaeric | applicability may not
040 and | applicability | allowed questionablel perform
it" de | deternination of | flexible conduit their
ficleacr. | sQ cu-87013 in | installations to go intended
I's addi | order to allow the | unidentified and | function.
ties, the | established progrm | not properly
estab | to address torquina | evaluated at other
l'i shed | deficleacies at all affected TWA sijtes.
- , | | Ideficiescies at all S |



Elges~ve Sumari Table
SSUES ISR |

hi Continued

CORRECTINV ~ ACTION TRACKI NG SUMVARY
19200
COMOUIT AND CABLE TRAY

FI NDMGS

Timely and adequate
response by ONE to the
NSS request to eval uate
past flexible conduit
installations for thermal
ewovient consi derati ons
in 1980 ws not provided.
This resulted in signifi-
cant and reportable NCI's
being senerated at BN in
Decenber of 1985 after an

unresol ved itemwas issued

by the NRC. This
unresol ved itemresul ted
in NRC violation

390/ 6-02. These
deficiency reports docu-
nent ed viol ati ons of
flexible conduit assem
biles involving thermal
nmovenent and mi ni um bend
radi us consi derati ons.
Appr oxi mat el y six nont hs
|ater MF issued

CAUSE |
|

program I
di d not
effec
tively
ensure

t he
accuracy
of this
determn
ation.

Backfit I
applica- |
tion of I
the newy I
est ab
l'i shed
require

ats in
&CS -40
SR- 2
and in
subsequent |
revisions |
to GCS I
0-40, was |
not ade- |
quately I
performed I
by DE.
Not e
These
new y/re
vised re
qui renent s

= o = O =]

Pate 7 of

CORR ACT. SIGNIFICANCE

sites.

[
[
active TVA nucl ear |
I
(CATD 19201- SQN-07) |

Flexible conduit
assenbl i es may not
be installed to
acconodate the
required thernal

and sei sm ¢ novenent
of 10 CFR 50. 49
(safety-rel ated)
equi pnent and pi pe
mounted devices.
This fact as well
the potential
minimum bend radius
issue may result in
unqualified stresses
being imposed on thel
af fect ed

10 CFR 50.49 deviced
and/or the

associ ated cabl es.

DI E was requested to
clearly list in the
construction spec
fication revision

bl ocks all new

revi sed requirenents
/criteria contained
in the new revision
and to include a
positive statenent

if the criteria is
required to be
retroactive or not.
The eval uation of I
backfit application I
was requested to be
docunent ed and
contain the |ogical
reasoning in supportl
of this

determ nation

( CATD 19200- NPS- 04)

as

15
ICOLLECTIVE
I SIGN.

I
|

Each active
TVA nucl ear
site's
suit
ability-of
service
(given the
est abl i shed
require
nments) was
affected by
untinely

| and

| inaccurate
eval uation
of those

| require
nent s
est abl i shed
in 1980 and
in
subsequent
revisions

| to those

|



CORRECTIVE ACTION TRACKING SUNMARY

Executive Smaary Table
ISSUES ISR InS |

| | 11

(h) Coatinaed T | | SCR Bf NEEB8632 to docu
1 net deficiencies of
11 seismic and thermal nove
11 mat criteria and m ni nua
LI ( beod radius for installed
| | | flexible conduit

asseblies.

FINDINGS

| nadequat e deternination
of the significance and
generic applicability of
condi tions described on
nonconf or nance reports or

REPORT 19200

CONDUIT AND CABLE TRAY

| CAUSE CORR ACT.
| adequatelyl
addr essed
in forner
desi gn
out put
docunent s
G C S
G 40,
G C S
0-3, nor
M2E- 860
(for SON).I

The estab-1 ONP was requested tol

l'i shed assign the respon-
prograns sibility to a single
did not organi zation for

ensure thel coordination,
|

SI GNI FI CA

i nvestigation of
the flexible conduit) to evaluate

Page 8 of 15

| COLLECTI VE

I SIGN
require

| ents
(related
to the
entire
flexible
Scondui t
i ssue).

[1t shoul d
be noted
that had
the proper
IDNE eval u
ation been
| conduct ed
las probl ens
Swer e
identified,
t he
Squesti on of
Ssui t
ability-of
service
Swoul d have
| been

I resol ved
[well before
Ithe startup

schedul e.
Various aspects of DNE uct

I the deficiencies | establish
identified thru aqualif

cation plan



Executive Suarv Table
| SSUES

(h)

Conti nued

N
I

I NS
I
I

CCORRECTI VE ACTI ON TRACKI NG SUMVARY
REPCRT 19200
CONDUI T AND CABLE TRAY

S  FINDINGS

| rel ated docunments was

noted during investigationi

of the flex
i ssue. Add

i ble conduit
itionally,

generic responses fromthe

affected or
(when condi
deened gene

gani zation
tions were
ric) were

i nadequat e or nonexistent; |

i.e. not do

Correction

specified by DNE were not

adequate to

defici encies

viol ati ons
bend radi us'

cunment ed

nmet hods
addr ess

of m ni mum

nor that

identified as

10 CFR 50.49 floor nounted

equi pnent where the flex

conduit con
| ocated at
than 6 feet

nection was
a point less
above the

CAUSE I

accuracy

of this
determn
ation nor
did they
effective
ly assign |
t he

respon- I
sibility |
of this [
t ask.
Weaknesses
were also |
noted in

t hose

progr ans
related to
t racki ng
these de
ficiencies
until com
pletion. |

No clear |
cause was |
det er - |
m ned. I
[t was
concei v
abl e that
Revi sion 11
to VBN NCRI
6M25 whi chl
added

CORR ACT.

fol l owup, and docu-

ment ati on of adversel

conditions for all
sites (including
the generic applic
ability review of
NRC itens).

( CATD 19200- NPS- 05)

DNE cor porate was
requested to
reeval uate the
correction methods
specified inthe
U. S. Raughl ey
nmenor andum dat ed
5/ 14/ 86 and
establish accurate
criteria for all
sites to follow to

Pate 9 of 15

S| GNI FI CANCE

| issue were not or

woul d not have been
addressed at all
active TVA sites
(given the inplemen
tation of the estab-
| i shed prograns.)
This deficiency
contributed to a

pi ecemeal approach
to the flexible
conduit issue

resol ution.

Fl oor nount ed

10 CFR 50. 49

equi pnent was not
properly eval uated
by DNE to ensure
adequat e thermal
and seismc |engths
were verified after
i nstal lation.

Addi tionally,

conpl ete eval uation

| COLLECTI VE

S| G\

the major
flexible
conduit

i ssue at
all active
TVA Nucl ear
Sites.

G ven the
est abl i shed
require
nents each
TVA site's
sui t
ability

for

service is
question
abl e.

Al four
active
sites were
affected by
i nadequat e
correction
met hods
speci fi ed
by DNl and
atotal re
eval uation



Executive Summary Tabl e
| SSUES I SR INS

I
(b) Continued I

4968T

I FI NDI NGS

I CAUSE I

I
| floor. Note - flex f1ieXotlgkagipmm

conduit connections

in

It hesd

this renan must accompdat el aviol ationsa

a 1l-inch novenent.

| was inad
vertently
omitted org
was not
known to
the

pr eparer

of the
required
correctivel
actions. |
Simlarlyl
| the

pr eparer

of the
corrective
action

| plan may
not have
been aware
that as
surance
did not

exi st thatl
the flex
condui t

m ni mum

[ ength
Criteria
for floor
nount ed
10CFR50. 491

mVvemmmtktihidanh

CORR ACT. I

ensure that existing”
flexible conduit
installations neet
the intent of the
established require-|I
ments. I
( CATD 19201- NPS- 01)

DNE was requested
to revise the
installation guide
lines related to
the disposition of
NCR BFNEEB8632 t o
i ncl ude all

10 CFR 50.49

equi pnent .

( CATD 19200- NPS- 02)

SN was requested to
resolve the flexiblel
conduit installation:
defici ency descri budi
in the U S Raughleyl
nenp dated 5/14/86
and include 10 CFR
50.49 floor mounted
equi pment in this
eval uati on.

( CATD 19201- SQ\-02)

Paze 10 of 15

SI GNI FI CANCE | COLLECTI VE
I SIGN
of the generic OB ENBI WE - °
inplications of UBN | tbadubte
NCR6529 was not | ¢eBduit
performed in that i 6§UBr &6
the as-installed | required.

condition of
flexible conduit
assenblies (related
to m ni nrum bend
radius') was not
prescri bed.



Executive Sumary Tabl e

| SSUES

(b)

Cont i nued

ISR INS |
[ I

CORRECTI VE ACTI ON TRACKI NG SUMVARY
REPORT 19200

FI NDI NGS

During the wal kdown
conducted according to
SNI - 0-318-33 Revision 1
(issued to verify the
adequacy of the flexible
conduit installations at
SQO, it was discovered
that the m ni num bend
radi us was not verified
as required by the wal k
down procedure. Approxi
mately 75 percent of the
af fected equi pnent had
been eval uated by DNE at
S at the time of this
finding.

I CAUSE

equipment
was taken
into con

si derati onl
during
installa
tion

activ

ties.

Thi s
procedure
viol ation
occurred
(in part)
because of
i nadequat el
di rectiona
gi ven by
DNE in the
U S
Raughl ey
nmenor andum
dat ed

5/ 14/ 86.
The

pr epar er

of the SHII
i nadver -
tently
omtted
this in
specti on.
No cl ear
directionas

CONDUI T AND CABLE TRAY

CORK ACT.

DNE was requested
to evaluate this
omtted inspection
( CATD 19201- SQ\- 08)

Page 11 of

I SI GNI FI CANCE

The mi ni mrum bend
radius for flexible
conduit assenblies
at SON have not
been verifi ed.

15

| COLLECTI VE

SIGN.

DNE wi | |
det erm ne
the NBR
accept
ability at
SON after 7
restart b3
perform n!
a si

st andard
sanpl i ng
program
accordingI
to 105D.
Thi s
sanpling
program m
result in
the re
evaul ati oi
Sf the coi
clusions
drawn base
on the pre
vious wall
down dat a,



Ezecutive Summary Table
| SSES

()

Covers uer
left off of
conduits and
pul | boxes
allowing dirt
aand ot her de

bris to enter.|

RSISI
|

FINDINGS

The appropriate site pro-
cedures did not contai na
adequate instructions to
and debril s

from entering the conluit

prevent dirt

system

The issue was factual
generic to all'active TVA

si tes.

CORRECTIVE ACTION TRACKI NG SUNVARY
REPORT 19200
CONDUI T AND CABLE TRAY

|  CAUSE | CORR ACT.
bhad been
| iven to
i nspect
Sthe H B.R |

[to a good Icedures at

[industrial

| providi ng

Ito per-

and | manent lduit systens.
| pl ant ( CATDs;
| material 119200- VBN- 01,
l'and equi p- 119200- BFN- 01,
nment . 119201- SQN- 03

119200- BLN- 02)

IInattention Installation pro
UBN, BFN
| SQN, and BLN were

I practice ofirequested to be re
lvised to provide
| protection |adequate protection
[to the installed con

and

Pe 12
SI GNI FI CANCE

The installed ciible
I'systems were sulbject
[to potentially

| damagi ng effect of
[foreign debris @mter-
ling the conduit.

| However, the cone-
Ipleted cable sysitens
Iwere subject to a

[ functional and/ oy

| preoperational teat
land this provides

| obj ective evidenjce

Ithat the install ed
lcables will pertorm
[their intended

| functions.

ICOLLECTIV
i SIGM.
I

Al active

I nucl ear
Isites dis

| pl ayed weak
[ nesses in
Itheir atten
Itiveness to
provi de good
lindustrial

I practices to
| protect per
[ nanent pl ant
| equi pnent.

I Since this
[type of pro
[tection

I shoul d be a
Ipart of all

| establ i shed
| prograns.

I strengt hen
linaor es

I tablishing
leither a

| design re

| qui rement or
| corporate

| di vi sion

Il evel policy
I shoul d be
Itaken into

| consi dera
Sion.



EEa~mtlue —~inarvy, 7abl.

| SSUES

(iM Conduits were le

(k)

tSR 1uS

not properly

sealed to hlt 1

prevent water
fromentering. Al aA
2418

I%I?a

|aII||
oy

LR

al

ai’jl I
listalled ll%ﬁal
conduit was g
subsequently tag
renoved and ala

r ewor ked
| [
11

Ht?
'aa

tt
aaa

CORRECTIVE ACTION TRACKING SUNIARY
REPORT 19200
CONDUI' T AND CABLE TRAY

V TM&

{tteva  FINDINGS |

CAUSE I CORR ACT.

| Tenporary construction | Teiporarry i one
activity allowed water to Iconstruc
denter unseal ed conduits atition condi-|
junction boxes 5317, 5318.ti on. |
and panel 2-L-344 at B. | I
| Proper DNE eval ustion was | I
performed and no detrinen-|
tal effect was determ ned. |
| Permanent protection was
provi ded by renoving the
tenporary condition and
installing per manent
sheltering and covers I

This issue was factual I
and proper action was
taken by TVA. Issue
consi dered nongeneri c.
I |
II No specific conduit was [ None | None
identified throughout
this investigation. How
ever review of the BL I
i nvesat Cation report in
di cated that the conduit | I
was |ocated in the Decon- | I
?tem' nati on Roomwhich was |
a

a

subject to major conduit

rework per ONE ECN 1951

i ssued in Novenber 1983.

No conduit was identified

where naj or rework was not |

specified by DNE. The

concern as investigated

was not considered factuall I
and was deemed nongeneric. II I

Reai 13 of 15
I SI GNI FI CANCE | COLLECTI VE

I SIGN.
| None m\one

None



Executive Sum ary Table

| SSUES (SR

(1) Undersized I

(n)

condui t
penetrations
are being usedl
creating the
potential for
cabl e over
crowdi ng.

Eri ckson - I
Type conduit
fittings

t hought to be
al um num may
not be pro
perly con
trolled.

INS | FI NDI

CORRECTI VE ACTI ON TRACKI NG SUNKARY
REPORT 19200
CONDU T AND CABLE TRAY

NGS

X | DNE all owed the use of
1-1/2-inch conduit pene
trations in a 2-inch con-
duit system at BLN.
troduci ng the potenti al
to exceed the maxi mum
allowed fill.

Ei ght conduit

were involv

ed.

| n-

penetrati onsl

Design cal cul ations were
performed as a result of
this evaluation and re
veal ed that the maxi mum
fill had not been exceed
ed. The cable routing
program was bei ng updated

to reflect

t he proper

si zel

conduit. This issue was
factual but not a problem
and specific to BLN

Fittings were determ ned
to be die-cast zinc and
not properly accounted foriproperly
in the inventory process
used byDNE to estimte
the amount of hydrogen

release following a borat-Iw thin the
ed water spray (i.e.,
post -acci dent condition).

Cal cul ati on
assune total

cont ai nment

packages

consunption
of reactive nmetals within

and that

con-

| CAUSE

I
| DNE i n-

Page 14 of 15

| advertent|yl dating the cable

Ifailed to
jupdate the
(cable rout-I
ling pro

I gram

IGCS G401

| did not

(control re-l
lactive
Imetals

| confines of
Ithe con

| tai nment .

I

CORR ACT. I SI GNI FI CANCE | COLLECTI VE
I I SIG\
IDNE is presently up- [|None [ None
Irouting program (No
CATD was required)
DNE to establish | Nore hydrogen nay be IDNE is re
controls for reac- iproduced inside con |lquired to

tive metals inside |Itainment at WBN, SQN, |eval uate
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1.0 CHARACTERI ZATI ON OF | SSUES

1.1

1.2

| ntroduction

This subcategory report for Conduit and Cable Trays inthe
Construction Category addresses 23 concerns in safety-related

areas. Twenty-one concerns were specifically identified at Watts Bar
Nuclear Plant (WBN) and two were specifically identified at

Bel lefonte Nuclear Plant (BLN). These concerns pertained to materia
specifications, identification narkings, installation and damage of
conduit and cable trays. Of the 21 concerns generated at WBN, ten
identified issues which were generic to other TVA sites. No generic
inplications were found related to the two concerns generated at BLN
The concerns were broken down into three elenents and eval uated as
fol | ows:

Condui t Cable Tray Conduit Fittings

EX- 85- 052- 002 | N- 85- 181- 002 | N- 85- 374- 002
EX- 85- 066- 002 W - 85- 100- 022
EX- 85- 092- 001 | N- 85- 186- 004
EX- 85- 162- 001

| N- 85- 008- 004

| N- 85- 138- 001

| N- 85- 201- 001

| N- 85- 201- 003

| N- 85- 341- 001

XX- 85- 094- 003 (Specific to BLN)

| N 85-512- 003

| N- 85- 663- 008

| N- 85- 856- 004

| N- 86- 119- 001

| N- 86- 262- 004

| N- 86- 276- 001

OW 85- 007- 008

| N-85-512-002

BNP QCP 10.35-8-18 (Specific to BLN)

Description of |ssues
1.2.1 Conduit

The concerns noted specific and nonspecific hardware problens
involving conduit. The enpl oyees questioned the installation

nethods and materials used inconduit installation
activities. They also raised questions about potentially
damagi ng the conduits/cables by using inproper installation

nmet hods.
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One concern reported fish tape. pulling hooks and other cable
pulling devices were left inconduit between cable pulls.

The concern also reported that conduit was so full that some
pulling devices may not have been removed. This part of the
concern was related to conduit overfill and will be addressed
i nthe Construction Category Cable Pulling Issue Report

No. 10900. The cleanliness aspect of the concerns was
attributed to-the lack of controls to ensure condul et covers
(etc.) were installed. Conduit installation, potential damage,
and material problems perceived were:

a. Fish tape, pulling hooks, and other cable pulling devices
| nconduit were not rempved between cable pulls.
(Non- Generi c)

b. Conduits had accumulated bends more than 360 degrees
between cable pull points. (Generic)

C. Conduit congestion and mejor rework occurred partly
because TVA conpronised specification and accepted
"off-scale" equipment.  (Non-Generic)

Note - Conpronsied specifications and off scale equipnent |
was perceived to relate to Pi ping or any permanent plant 112
feature which was not installed according to the

established DNE gui del i nes.

d. Conduits issued to the craft were damaged and made of
inferior materials. (Generic)

e. Conduits were not Installed i naccordance with
as-designed drawings with respect to Junction box/
conduit interface.  (Non-Generic)

f. Inproper spare conduit fire barrier plugs were installed.
(Non- Generi c)

g. Cable overcrowding occurred because of the use of
reducing bushings and undersized wall sl eeves. (Generic)

h. Flex conduit couplings were not properly torqued and
conduit may not be conpletely screwed together, (Generic)



TVA EMPLOYEE CONCERNS REPORT NUMBER: 19200
SPECI AL PROGRAM
REVI SI ON NUMBER: 2

PAGE 7 OF 92

I. Covers were left off of conduits and pull boxes allow ng
dirt and other debris to enter. (Generic)

J. Conduits were not properly sealed to prevent water from
entering.  (Non-Ceneric)

k. I'nstallod conduit was subsequently renoved and reworked.
(This was a BLN-specific concern.) (Non-Generic)

1. Undersized conduit penetrations are being used, creating
the potential for cable overcrowding. (This was a
BLN-specific concern.)  (Non-Generic)

1.2.2 Cable Trays

The three concerns pertaining to cable trays questioned the
proper installation and identification markings. (Non-Generic)

Probl ens perceived to exist were:

a. Cable tray wall penetrations were not properly installed
because the fire barriers have gaps between board pieces
greater than 1/8-inch and wall and floor penetrations are
stuffed with cotton

b. Cable tray wall penetrations were not identified by nane

or numnber.
1.2.3 Conduit Fittings

One concern questioned the use of specific fittings as
follows:  (Generic)

0 FErickson-type fittings, discovered to be non-magnotic,
were thought to be alumnum Aluninumis a mteria
which is undesirable inthe Reactor Building because it
woul d react with Boron and increase the hydrogen

concentration inside containment inthe event of an
acci dent .

2.0  SUMMARY

2.1 Sumary of |ssues

The issues evaluated inthis report pertained to concerns
questioning the adequacy of the Installation, material, and damage
to potentially safety-related conduit, cable trays, and conduit

fittings.
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Summary of the Evaluation Process

The methodol ogy generally used was to determine the applicable
upper-tier and site procedures, and industry standards associ ated
wWith the concern or related issue. A reviewof the procedures was
then performed to determine if the issues raised were procedurally
addressed. Listings of NCR's and work docunents were reviewed to
determne if previous documentation existed on the subjects. The
expurgated Quality Technol ogy Conpany (QTC) files were researched
for additional information. Informal walkdowns were performed in
some cases to verify the as-built condition of pertinent features
and to substantiate conclusions. Cognizant personnel associated
with the area of concern were interviewed and in sone cases direct
input was obtained fromthe Nuclear Regul atory Conmission (NRQ)
related to specific issues.

Wen a determnation was nade that the perceived probl em had been
fully investigated and the findings conpletely addressed the issue,
a concl usi on was made.

This conclusion deternmined the concern to be factual or not factual.
Factual meant the perceived problemwas found to exist. A further

di scussion of whether the problem had or had not been previously
addressed by TVA was included. Concerns (as stated) deternmined to be
not-factual meant the problemwas not found to exist.

I'f the concern was found to be factual, a deternination was made if
an uncorrected problempotentially exists at other active nuclear
plant sites. Problems such as procedural inadequacies of General
Construction Specifications (design out-put documents) woul d
potentially affect QA-prograns at each site and were eval uated
accordingly. If aconcern was deemed to have generic potential,
investigations were made for all applicable sites and the eval uation
process varied with the investigation results related to the
specific topic of the concern.

Exanple: If a site specific hardware concern was
evaluated and was found to be factual resulting
fromthe lack of guidance in a design output
docunent, the generic evaluation at other active
TVA nuclear sites may have been performed by
reviewing the appropriate work controlling
procedures when no other related site specific
concern was identified. Conclusions were then
drawn based on the objective evidence discovered

during the eval uation.

1R2
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2.3 Sumary of Findings
2.3.1 Conduit

The findings concluded that of the twelve perceived probl em
areas, five were found to present problens requiring
additional corrective action. These five areas were also
deemed potentially generic to other sites. The areas were:

a. Conduits had accumulated bends of more than 360* between
cable pull points

b. Flex conduit couplings were not adequately t or qued.

Note:  The evaluation of the Flexible Conduit Coupling
Torque Issue reveal ed design output document
deficiencies related to the minimum bend radius
and the mininumlength requirenents for flexible
condui t assenblies pertaining to the qualification
of past Installations.

C. Conduits were of poor quality and/or inferior material

d. Covers were left of f of conduits and pul | boxes allow ng
dirt and debris to enter the conduit systens.

e. Conduit overfill occurred because of i nadequat e DNE
routing assignment controls.

2.3.2 Cable Trays

The findings concluded the perceived problems inthis issue
did not exist. Cable tray wall penetrations were found to be
correctly installed and identified.

2.3.3 Conduit Fittings

Uncontrolled die cast zinc procurement was round and the
potential exist for an Indeterninate amount of zinc to have
been installed inside containment at WBN, SN, and BLN.

| t was established that the Erickson type fittings were made of
die cast zinc rather than al um num as perceived by the
concerned individual. Since zinc or zinc coatings contribute
to the hydrogen build-up Inside containment following a
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borated water spray, the appropriate design cal cul ations/
inventory for hydrogen concentration should include these and
other reactive netals. Present calculations for each site
(except BFNwhich isexenpt fromthis requirenent) assunes
the fittings inthe conduit run to be zinc coated sinilar

to the conduit and do not distinguish or include those
fittings that were supplied as die cast zinc. 'Lack of
control's and inspection requirenents inthe governing desi gn
output document allowed the potential for these "solid" die
cast zinc fittings to have been brocured and installed within
the confines of containnent. Since the established
calculations assune total consunption of reactive metals
inside containnment during a Design Basis Event, (berated
water spray) more hydrogen may be produced than was
anticipated. The enployee 'concernwas considered factual
related to this issue and generally three actions are,
required.

1. Ensure accurate inventories of reactive metals within
the confines of containment are established and included
inthe appropriate calculation package (including future
updat es)

2. Revise design output document GC.S.G40 to
effectively control reactive metal's inside containment

and

3. UWilize TVA Procurement Specification Number 21.001 to
prevent procurenent of die cast zinc conduit materials

2.4 Summary of Col | ective Significance

The Collective Significance for the issues I nthis subcat egory
revolves around the fact that design output installation procedures
and material procurement control's have been recognized to be
inadequate inthe areas of providing effective gui dance for certain
conduit Installation nethods, providing QA specifications for
condui t requisitions and receipt inspection, contrv~lling
installation of reactive netal fittings inside containment, and
establishing installation criteria for flex conduit. Site work
controlling procedures inturn were Inadequate inthe seat areas as
the design output procedures and also |acked controls required to
protect installed conduit and cables. Management effectiveness for
DNE and DNC organi zations was | nneed of I mprovenent for each area
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nentioned above. Enployee effectiveness was c' mprom sed and
hindered by the inadequate procedures. It s significant to note
that had the design out-put documents been accurate, each sites
reliability and suitability-for-service would not have been
conpromi sed.  Cose coordinaLion of the Design and Construction
effort could have assisted inthe identification and resol ution of
those identified deficiencies.

It isalso significant to conclude Lhat the deficiency related to
protection of permanent plant material (conduit cleanliness) was
consi dered a breakdown in a "good industry practice" program

Sumary of Causes
2.5.1 Conduit

Condui t problems (such as excessive bend violations, and
flexible conduit installation deficiencies) generally
resulted fromthe lack of adequate guidance and criteria in
the design output docunents G C. S.G40, GC S.G3, and
N2E-860. The associated work controlling procedures were in
turn inadequate inthose areas. The chronol ogical events
relative to flexible conduit issue indicate that additiona

weaknesses were present in the established programas foll ows:

a. As problems were identified - tinely, adequate, and
effective responses and conplete resolutions of the issue
vere deficient. Retroactivity of newy established
requirements and/or the acconpanying DNE "engi neering
evaluation" related to the flexible conduit issue
contributed to flexible conduit installation
deficiencies. This resulted inthe engineering
eval uations being performed after the fact (only after
outside auditing agencies identified significant
concerns). This fact indicates that the coordination and
communi cation of the design and construction effort was

i nadequat e.

b. Problems which were identified inthe appropriate
non- conf ormance programwere inadequately reviewed for
generic inplications and site responses were not adequat e
to fully address the issue or were non-existant
(i.e., not docunented). In some cases, the corruction
nethods specified by DNE were inappropriate to ensure
consistent, conplete and accurate resol utions of the
problens identified. These inadequate DNE gui delines
resulted inand/or contributed to violations thal related
to failure to follow established procedures which were
generated to investigate and resolve the issue at the
site level

| R2
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Inspections did not effectively control the procurenent
and/or receipt at damaged or defective conduit or associated
conponents and i nsone cases the Installation procedures did.
not require an inspection for defects such as burrs or
sharp edges which would be detrimental to the cables

during pulling activities. It should be noted that both DNE
and DNC were inconsistent inthe application of the DM
requirement to procure conduit and associated hardware
froma QA approved vendor requiring acertificate of
conformance as established inMrch of 1978.

Conduit cleanliness concerns basically resulted from

i nadequate work controlling procedures which allowed dirt and
debris to enter the conduit. This was considered a breakdown
ina "good industry practice program which woul d require
protection of all permanent plant material and equi pnent .
This type of requirenent should be a part of all established
prograns.

Conduit overfill resulted from i nadequaci es i nthe DNE Cable
Routing Program and i s discussed i nthe Construction Cat egory
Report 10900 entitled, "Cable".

2.5.2 Cable Tray

No cause was assigned to the cable tray concerns. No problem
exi st ed.

2.5.3 Conduit Fittings
Conduit fitting problenms, as voiced, were caused by
i nadequate DML procurenent controls and ﬁrocedural gui del i nes
for limting or Identifying the use of the noted fittings within
the confines of the containnent.
2.6 Suimmaryof - Corrective Acti on
2.6.1 Conduit

a. Conduit had accunulated bends of more than 3600 bhetween
cable pull points.
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DNE is to evaluate previously installed conduit violating
the 360 degree bend requirenment. This evaluation is
pending results of sidewall pressure testing being
conducted at Central Laboratory. Action is also required
at SQN to incorporate the bend criteria into site
procedures.  (CATDs C019201- SQN-04, 05; and 19200- NPS-01)

Response:

DNE directed the Mdifications and Additions Unit to
revise MBAI-6 to require an inspection for the 3600
bend criteria.

Vil kdown instruction SHI -0-317-32 was issued and
performed to identify conduits with nultiple bends
between pull points that have a potential safety

inpact. Conmitment was nmade to rework deficient conduit
system after the DNE eval uation as required.

TVA DNE is continuing resolution of the cable sidewall
pressure testing issues steming fromthe testing at the
Central Laboratory with the NRC and will provide any
additional requited corrective action. Calculations for
BFN and BLN are yet to be conpl et ed.

Torquing of flex conduit coupling deficiencies were
specifically noted at VBN, SQN and BLN. The work
controlling procedure used at BFN acknow edged tor quing
of the flexible conduit coupling per the manufacturers
instruction simlar to the SQN established program
However, during evaluation of the inplementation of the
established programat SQ\, it was discovered that the
manufacturer's instructions were not effectively
controlled and utilized during the installation process
as noted on SQ CAR-87013. Since the availability of the
manufacturer's instructions is not effectively
controlled, BFN's performance related to this issue is
al so questioned. The generic evaluation of this
condition would address any CAQ condition at BFN, BN,
and BLN. Corporate DNE was requested to provide the
necessary torque valves to the constructing organization
by listing those requirenments inthe design output
document (G C. S. G 40).

(CATD - 19201- NPS- 02)
(CATD - 19200- BLN- 03)
(CATD - 19201- SQ\- 07)
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Response:

G C. 5G40 or the appropriate engineering requirenents
will be revised to list the applicable torque valves for
flexible conduit couplings and SCR W577P was issued

to address this issue. DNE will evaluate the back-fit
requirements of this issue.

BLN wi |l revise sate procedures resulting fromrevision of
G C SG40. Additionally, SQN deemed SQ CAR-87013 to be
generic to all sites and initiated this action.

In order to address the additional weaknesses of the
established programrelated to tineliness, adequacy of
response, and correctioh method specified by DhE the
following actions were deemed necessary:

1.

Corporate DNE was requested to clearly list inthe
construction specification blocks all new or revised
requirenents/criteria contained inthe new revision and
include a positive statement assessing whether or not
these new requirenments were to be retroactive. The DNE
evaluation related to this retroactive determnation was
requested to be documented and contain the | ogi ca
reasoning in support of that justification. Reference to
this docunentation was deemed necessary for retrieval and
review and woul d provide val uable input to managenent
personnel related to establishing the appropriate checks
and bal ances to ensure the quality of the finished
product.  (CATD 19200- NPS- 04)

Response:

Corporate DNE revised NEP 5.1 and 5.5 on March 5, 1987
(which governs how changes to construction specifica
tions are made) to clearly distinguish the new or re
vised requirenents and to require that the engi neering
eval uation related to retroactivity be documented.
This action has been perfornmed and is deened conpl ete
by this eval uation.

Note - Proper closure documentation for this action
has been generated.

Corporate ONP was requested to designate responsibility
to a single organization for coordination, fol l owup, and
documentation of adverse conditions for all sites,
including generic reviews of applicable NRC itens.

(CATD 19200- NPS- 05)
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Response:

The current CAQR programlimits the responsibility of
generic reviews of CAQs to two organizations and
tracking of the adverse conditions will be through a
single program

3. \Weaknesses that were identified in the DNE correction
methods (related to the flexible conduit issue) resulted
in a request for corporate DNE to establish accept abl e
criteria for all active TVA nuclear sites to foll ow which
woul d ensure that past flexible conduit installations are
in conpliance with or meet the intent of the appl i cabl e
specification revision notice (SRN-11). This action woul d
ful'ly address deficiencies which were present in the
original design output documents as well as the i nadequat e
directions given by DNE related to the generic
inplications of WBN-NCR-6529 and sinilar non-conformance
reports. (CATD 19201- NPS-01, CATD 19201- SON- 02, CATD
19200- NPS- 02)

Response:

DNE wi Il re-evaluate the instructions given in the

W S. Raughl ey nenorandum and devel op a total plan to
resolve this issue and TVAwill generate CAQR s as
required.

SN is perforning a wal kdown of flexible conduits in
accordance with SM-0-317-33 and will correct any
di screpanci es found.

A random sanple of flexible conduits at BFN will

be inspected for thermal/seisnic npvenent criteria

on floor nmounted 10 CFR 50.49 equipnent |ess than 6 feet
above the floor in addition to those requirements stated
in the Raughl ey nenorandum dat ed May 14, 1986.

Additional site specific action was deened necessary at
SN related to the inadequate assessnment of the
significance and generic applicability of those
conditions described on SQ CAR-87013. Since GC. S. G40 is
i nadequate related to torquing flexible conduit coupl i ngs
and is utilized at all active TVA nuclear sites: a
request to the SON Site Director was made to re-eval uate
the significance and generically applicable

determ nation. A re-evaluation of this CAR was deened
necessary to allow the established CAQR programto be
effectively utilized to pronptly identify the deficiency
at all affected sites and track the successful conpl etion
of those required actions. (CATD 19201- SQN-07)
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Response:

Re-eval uation of SQ CAR-87013 by Electrical

Modi fications and QA determined that the condition
described was non-significant but generic to other
active TVA sites. The Quality Systems Branch was

requested to initiate this generic review.

Revision to GC S.G40 and site procedure MBAI-6 woul d
be initiated to reflect the torquing values as shown in
UL-514B. Backfitting of these requirements was not
consi dered necessary at SQN based on plant naintenance
but training to the appropriate personnel would be

gi ven.

Upon investigation of the flexible conduit issue related
to CATD 19201-SQN-02 (which primarily addressed the
inplenentation of the W S. Raughly menmo dat ed Hay 14
1986), it was discovered that the mini numbend radius of
the flexible conduit installations was not verified as
required by the inplenmenting special maintenance
instructions (SH -0-317-33 Revision 1). Response from
the SON Site Director was deemed necessary and resul ted
inthe issuance of CATD 19201- SQN-08 to document this
defi ci ency.

Response:

The bend radius inspection requirement will be
elimnated from SN -0-317-33 Revision 1. After pl ant
restart, a flex bend radius sanpling (per M L-STD 10SD)
w Il be perforned

Poor quality of conduit materials.

In response to the findings on the quality of conduit
material, VBN, SQN and BLN projects were requested to
revise site procedures to inspect for conduit defects
during material receipt, issue, and installation.
Action was deened necessary for corporate DNE to ensure
consistent application of the quality assurance
requirements associated with the procurement of conduit
and accessories by revising design out put documents to
include the appropriate quality statements consistent
with the DNE requirenents established inMrch of 1978.
(CATDs 19200- NPS-06, 19200- BLN-01, 19201- SQN 01;

19201- SQ\-06, and 19200- WBN- 03)
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Response: Each affected site committed to strengthen
the appropriate procedures to prevent/detect
defective or suspect conduit material.
Corporate DNE committed to revise the
appropriate design output docunent to inpose
TVA Specification 21.001 for conduit
procurements and to conduct an investigation
to determine the quality assurance
requirements inlight of those directions
gi ven by nenorandum i n 1978.

d. The findings that conduit and pull box covers were |eft
off allowed dirt and debris to enter installed conduits,
and resulted in arequest to revise site procedures at
VBN, BFN, SQN, and BLN to incorporate requirenments for
providing the appropriate protection. (CATDs
19200- BLN-02, 19201- SQ\-03, 19200- BFN-01, and
19200- V\BN- 01)

Response: Each affected site committed to strengthen
work controlling procedures to provide
protection or identify deficiencies
related to conduit cleanliness.

e. Corrective actions for conduit overfill concerns will be
supplied by Construction Category Report No. 10900 titl ed
"Cable" inthe cable pulling issue.

2.6.2 Cable Tray

2.6.3

No corrective action is required.
Conduit Fittings

The finding that die cast zinc conduit fittings were not
included in inventories for reactive metals insjde
containment resulted inactions by DNE to establish controls
for reactive netals inG40 and to incorporate these fittings
into inventories at WBN and SQN, and eval uate zinc fitting
inventories at BLN. Additionally, it was suggested that TVA
specification 21.001 be utilized to ensure that coated
conduit materials were supplied by the contractor. ( CATDs
19200- BLN-04, 19203- SQ\N-01, 19203- SQ\N-02, 19203- SON- 03,

19200- NPS- 03, and 19200- VBN- 02)

Response:  Generally. G C.S-G40 will be revised to provide
more stringent controls of die-cast zinc
materials inside containment. This revision to
GC S -G40 will address procurenent of conduit
materials and will require TVA Specification
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Response-Con' t:

21.001 to be utilized during procurenent. A
conui ttment was made to distinguish die-cast
zinc conduit nmaterials inthe inventories of
reactive netals. Procedures would be generated
describing the process used to contro

or describe cal culation and inventory nethods.

3.0 EVALUATI ON PROCESS

3.1 General Methods of Eval uation

3.2

The general eval uation nethodol ogy' used at nuclear plant sites
consisted of a conpilation of applicable procedures and i ndustry
standards. A review of requirenents was nade to determine if the
issues raised were procedurally addressed.

NCR I ogs were reviewed and potentially applicable NCRs were
evaluated to determine if any previous docunentation existed on the
subj ect s.

Expurgated QTC files were reviewed for any additional relevant
information or investigations that would assist in i dentifying
specific items related to the concerns.

Wl kdowns were performed with sel ected personnel to obtain
additional information. This included discussions of acceptable
practices and standards associated with the subjects of concerns.

Docunents were researched as necessary to provide additional data or
substantiate concl usions

This generalized approach was used to understand the requirements,
acceptabl e practices, historical and active corrective action, and
to substantiate the conclusions of the investigation.

Requirenents or Criteria Established for Individual Issues

Eval uation of the Conduit and Conduit Fitting issues involved
specific investigation of the concerns at WBN and BLN, and generic
eval uation of certain potentially applicable concerns at Browns
Ferry Nuclear Plant (BFN) and Sequoyah Nuclear Plant (SQN).
Generically applicable requirenents or criteria are |isted for all
plants and any additional site-specific criteria islisted by pl ant
site.

| R2
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3.2.1 Conduit

TVA Division of Nuclear Engineering (DNE) Genera
Construction Specification G40 (G C. S.G40) "Installing
Electrical Conduit and Conduit Boxes" establishes the
requirenents for field installation of conduit. A review of
the procedure was perforned to determine the requirements
related to cleanliness, the maxi mum nunber of bends all owed
between cable pull points, the use of reducing bushi ngs, and
flexible conduit Installation criteria.

TVA DNE "Standard Procurement Specification for Rigid Steel
Conduit (Zinc Coated),” No. 21.001, dated February 2, 1981,
was reviewed to determine the detailed material requirenments
for purchasing conduit and tittings.

DNE Engi neering Procedure EP 22.29, Revision 0, titled,
"Procedures to Determine Acceptable Sidewal| Pressure Exerted
or Class IS Cables inExisting Conduit Installations,” was
reviewed to determine the methodol ogy for establ i shing
sidewal | pressure calculations for cable inside conduit.

DNE's Engi neering Procedure 5.01, "Purchase Requisition

Eval uation of Bids and Reconendation/Rejection of Contract
Award - Revisions to Contracts,” was reviewed to deternine
organi zational responsibilities for specifying and pur chasi ng
conduit system conponents.

DNE Electrical Design Guide DS E13.1.1, "Cable Pull Point
Location and Support,” was reviewed to determne the desi gn
requirements for cable pull boxes

National Electric Code, Article 350, was reviewed to
determne the nationally recognized standard for cable pul |

poi nts.

Underwriters Laboratory Standard (UL) UL-6 was reviewed to
deternmine the recognized standard thread requirenents for
condui t.

Di scussions were conducted with DNE's Conduit end G oundi ng
Section Supervisor, Fire Protection Section engineers and
Procurem nt engineers regarding cable sidewell pressure, use
of fireplugs in spare conduits, conduit bend restrictions
purchase specifications, and inspection and storage
requirements for conduit.
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Watts Bar Site Quality Control Procedure WBN QCP- 3. 05,
Revision 25 "Inspection of Cable Installation." was reviewed
to determne the inspection requirements for verifying
conduits were clean before cable pulls and to deternine cable
pul | tension requirenents.

Watts Bar Adninistrative Instruction Al-6.5 Revision 7, was
reviewed to determine the responsibilities for review of
equi pnent condition before transfer to the Office of Nuclear
Power (ONP).

Watts Bar Quality Control Procedure. WBN QCP-1.52,

Revision 6, "Preventive Miintenance," was reviewed to
determine the requirements for inspecting flex conduit during
routine plant maintenance inspections.

Watts Bar Quality Control Instruction, WBN QC - 1. 06,

Revision 1. "Receiving," was reviewed to determne the
requirements for inspecting conduit for material deficiencies
and defects.

Watts Bar MAI-13, "Installation of Conduit and Junction
Boxes," was reviewed to determine the flex conduit torque
requirements for work done by the Modifications Unit.

The DNC report for Concern |N-86-262-004 was reviewed to
determine DNC's response inregard to fish tape and other
pul ling devices being left in conduit.

DONE's VBN cal cul ati on WBNPEVAR8602006, titled "Deternination
of Cass IE Electrical Cable Wight/Foot and Qutside
Diaaeter" was reviewed to determne the data used to
establish allowable cable sidewal |l pressures.

DNl drawing 4SWL74-3, Revision 7, was reviewed to deternine
the conduit identifiers et junction box 27 for WN.

Crouse-H nds Vendor Catalog 7F-S was reviewed to identify the
standard type netal fireplugs requisitioned for WN.

QIG-ERT Investigation Report |N OS-008-004 was reviewed to
assess the findings and conclusions for Concern |N 85-000 004.

Nucl ear Safety Review Staff Report 1-5S-465-WBN was revi ewed
along with DNC a response menorandum from 0. Wadewits to

. R Ennis, dated Novenber 20, 1965, to deternine conpl eti on
of corrective action for Concern |N 86-119-01.
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W N NCR 6347 was reviewed along with DNS's response
menor andumfrom F. W Chandler to J. A Raulston, doted
Novenber 8, 1985, to deternmine the extent of cable bend
violations at Watts Bar.

WN NCR 6437 was reviewed to determne the disposition and
corrective action required relating to |oose flex conduit
fittings.

Di scussions were conducted with DNC WBN El ectri cal
Engineering Unit engineers to deternine construction
practices regarding cable pulls, types of fireplugs used for
spare conduit wall sleeves, conduit field routing, reducing
bushings and quality of issued materials.

Di scussion! were conducted with DNC WN Procedures and
Training Sijction personnel to deternine proposed changes to
Watts Bar Quality Control Procedure WN QCP-3.03 inrelation
to conduit inspections.

Di scussions werk held with WBN electrical quality control
personnel to determne if problenms had been encountered with
the quality of conduit fittings and accessories.

BFN

Revi ewed Browns Ferry Nuclear Plant (BFN) Standard Practice
IF 16.4, Revision 2, dated July 14, 1986, *Material,
Conmponents, and Spare Parts Receipt, Handling, storage,
I'ssuing, Return to Storeroom and Transfer" to deternmine If
recei pt inspection was perforned on conduits and accessories.

Revi ewed |FN Technical Standard TS 01.00. 15. 14. 03, "Equi pnent

and Material Storage Requirenents for Nuclear Power Stores,"
Revision O, dated March 24, 1985, to determine if the |evel
of storage of conduit products |s consistent with ANSI 45.2.3
(1972).

I JN MAI-27, "Installation-of Electrical Conduit Systesm end
Junction Boxes," Revision 1. was reviewed to deternine the
acceptance criteria related to conditions which may be
encountered that would be detrinental to the cable during
pulling activities and the installation requirevents related
to tightening flexible conduit couplings, conduit cover
installation, end excessive conduit bends,
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Wal kdowns were conducted with BFN Power Stores personnel to
observe conduit storage areas and to visually exam ne
conduits and fittings for defects such as burrs and sharp
edges. which could damage cable during pulling activities.

Di scussions were held with cogni zant DNE el ectrica

engi neering personnel to deternine if deficiencies had been
identified relatea to flexible conduit installations
specifically related to tightening of the flexible conduit
coupl i ngs.

Di scussions ware held with cogni zant BFN Mdifications and
Addi tions (MWA) personnel to deternine if problems had been
identified related to the | oosening of flexible conduit
installations as aresult of improper tightening of the
flexible conduit couplings.

Di scussi ons wero held with DNE el ectrical engineering site
representatives at BFN to determine what actions had been
taken to identify and resolve probl emassociated with
excessive conduit bends.

0

U

Revi ewed Quality Technol ogy Company (QTC) expurgated files.
as well as other files for additional pertinent information,
reports and any corrective action reconendations available
on concerns.

Revi ewed applicable sections of the VBWECTO El ement Report
titled "Conduit' (C019201). to deternmine the applicability to

SN

Sequoyab Standard Practice SQA-4S was reviewed to deteramne
the procedures inplemented for receipt inspection and storage
requirements for permanent plant material.

Revi ewed Administrative Znstruction Al-11. "Receipt |nspection,
Nonconforming Items, QA Lovel/loesription Changes|  and
Substitutions". Revision 37, to determine the inapection
requirenents for noncritical systems structures and
components (non-CSSC) item

Revi ewed Adnministrative Instruction AlZ-36, " Storage, Handling,
and Shipping of QA Haterial", Revision 9, to deternmine the
storage requirement related to conduit material and ensure
compliance with Anerican National Standards Institute (ANSI)
tS.2.2-1978.
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Di scussi ons Were held with cogni zant Power Stores Unit (PSU)
supervi si on personnel to identify any reolated quality probl enms
associated Wi th conduit materials.

Wl kdowns were conducted with PSU warehouse personnel to
observe actual storage facilities.

Cogni zant Division of Nuclear Qual ity Assurance (DNQA)

personnel were interviewed to determne receipt i nspection
and survei|lance requirenents for conduit materials.

HIlA-6, "Installation of Conduit and Junction Boxes",

Revision 6, was reviewed to deternine the tightening
requirenents for flexible conduit couplings.

Di scussi ons were hold with cognizant Division of Engineering 12
(W)  Central staff personnel to di scuss the generic

application of SC 8FPNBRBB632 and the adequacy of the policy
menorandua fromW S. Raughl oy to Those listed dated

May 14, 1986.

Di scussi ons were held with cognizant DN Slectrical Bngineering 12
(E3) personnel to discuss the movement requi rement for
flexible conduit installations for floor nmounted equipnent.

Di scussi ons were hold with cognizant DNC (site) Et personnel to 119
di scuss the minimm length requirenents for flexible conduit
connections for floor mounted equipnent.

Revieved NI A Instruction MAl -6, Revision 6 to deternine the
procedure requirenents related to conduit cover installations
and craft surveillance instructions for identifying damaged
or defective conduit conponents.

Di scussi ons were held with cognizant M U (site) group
leader to determne what actions 8Q bad takes to identify
and resol ve probl em assoclated with excessive condui t bends.

Performed tn additional evaluation of the implementation of
the requirements of NuAl-w related to the torquini of flexible
conduit couplings and evaluated the special  alntenance
Instruction (3S1-0-317-33 Revision 1) for adequacy related to
the generic inplication of BN-NC-529 and related | SSues.

Cogni ant DNC ilectrical nagineering Unit (33U) personnel
were interviewed to determine If specific knowledge of the
perceived problem existed.
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Site documentation prograns were reviewed for the
site-specific concerns.

Site procedures BIP-QCP-3.32, "Raceway and Electrical Hanger
Verification," BNP-QCP-3.34, "Electrical Cable Installation,"
BNP- QCP-3.2, "Conduit Systems." and Standard Qperating
Procedures EEU- SOP-231, RO, and EEU- SOP-200, 12, were
reviewed to determine site criteria and the tinme of
incorporation of certain requirenents into the procedures.

Site evaluations for BLN specific enployee concerns were
revi ewed.

Site NCR 4254, documenting deficiencies with conduit runs
installed and accepted prio6r to January 1, 1984, was reviewed
for progranmatic corrective actions.

Site procedure BNP-QCP-1.1 was reviewed for criteria to
establ i sh danaged or unacceptable material inspections and
BNP-QCP-1.2. "Storage of Permanent Plant Material," for
storage level requirements. BNP-QCP-10.12, "lssue of
Permanent Plant Material," was reviewed for issue inspection
criteria.

Cable Tray

No generic inplications resulted fromthis evaluation.
Therefore, the criteria and methodol ogy |isted bel ow was
pertinent to U only. Quality Technol ogy Conpany (QrIC)
was contacted for any additional information.

Watts Bar Quality Control Procedure WUN-QCP-3.04 (all
revisions), "lnspection and Docunentation of Cable Tray
Systemsu," wa reviewed to determne the acceptance criteria
for inspecting and docunmenting cable trays and penetrations.

Watts Bar Quality Control Procedure WBN-QCP-1.SS, Revision 6,
"Seals, Fire Stops, and Cable Coatings," was reviewed to
determine the acceptance criteria for cable tray fire stops.

Standard series TVA DNE Drawi ng 4SW83. "Conduit and

G ounding, Penetration Sealing and Fire Stop Details," was
reviewed to determne the installation requirements for cable
tray firestops.

1EEE Standard 690-1984, "Standard for the Design and
Installation of Cable Systenms for Class 11 Circuits in

Nucl ear Power Cenerating Stations," was reviewed to determne
design considerations for firestops.
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TVA DNE purchase Contract 78K51-823599 for fireproofing
fiber-type insulation board and bul k ceramic fiber insulation
was-reviewed to deternmine the material specifications for
cable tray firestops.

Di scussions were conducted with DNQA Civil Quality Control
Unit (CQC) inspectors, DNE Fire Protection Section engineers,
Modi fications-engineers, and DNC El ectrical Engineering Unit
(EEU) engineers to determine installation and design
requirenents for cable trays at VBN

Gvil Quality Control (CQC) inspection report Test 35 for
penetration O CTP-290-314 was reviewed to deternmine if the
penetration was properly identified and if the installation
was acceptable inpreparation for a walk-through.

A wal k-through was conducted with a Civil Quality Control
inspector to evaluate proper installation and identification
of cable tray penetrations.

Surveillance Instructions (SI) 7.24 through 7.30 were
reviewed to determine identification requirenments of
penetrations for transferred equi pnent.

Conduit Fittinzs
VBN

Quality Technol ogy Conpany (QTC) was contacted for any
addi tional information to assist inidentifying the specific
fitting related to this concern.

DNE Construction Specification 0-40, "Installing Electrical
Conduit Systems and Conduit Boxes," was reviewed to determ ne
the material requirements for coneuit fittings.

1EEE Standard 690-1984 "Standard for the Design and
Installation of Cable Systems for Class |IE Gircuits in

Nucl ear Power Generating Stations," was reviewed to deternne
why zinc and aluminumare restricted inside containnent.

DNI's Engineering Procedure EP 5.01 was reviewed to determnine
material responsibilities for conduit fittings at TVA Nucl ear
pl ants.

DNE's "Standard Procurenment Specification for Rigid Steel
Conduit (zinc coated),” No. 21.001, dated February 2, 1961,
was reviewed to determine TVA's applicable standards and
detailed requirements for purchasing conduit.
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Di scussions were conducted with DNE' s procurenment engineers
to determne the contract specification requirenents for
conduit fittings at TVA Nucl ear plants.

Di scussions were conducted with EEU engineers, an electrical
craft foreman, construction materials personnel, and
Electrical Quality Control Unit (EQC) inspectors to determine
the history behind non-nagnetic fittings discovered on site
whi ch were thought to be al um num

Di scussions were conducted with an Office of Nuclear Power
(ONP) Technical Services netalurgist to determne the
material conposition of a sanple of Erickson type fittings.

DNE's WBN cal cul ation WBNSSG4- 002, "WBN Hydrogen Vol une
Percent Inside Containment Following a LOCA " was reviewed to
determne the cal cul ation methodol ogy used to deternmine the
total surface area of zinc inside containment.

A telecon was conducted with DNE' s Nucl ear Engineering
Supervisor (onsite) and Nuclear Engineering Branch (NEB)
Chemical Analysis Section supervisor to deternine if Erickson
type fittings not accounted for inWBNSSG4-002 represented a
potential problem

4.0 FINDI NGS
4.1 Findings on Conduit
4.1.1 Ceneric

As a result of the investigations into the WBN specific
concerns, eight concerns involving five perceived probl ems
were deemed potentially generic to all active TVA nucl ear
sites. The problem areas were:

a. Conduits had accunul ated bends nmore than 360 degrees

between cable pull points.
b. Flex conduit couplings were not properly torqued.

c. Conduits issued to the craft were damaged and nmade of
inferior material.
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d. Covers were left off conduits and pull boxes allowing dirt
and other debris to enter.

e. I nadequate DNE controls caused conduit overfill.

The National Electrical Code prohibits accunul ated bends of
more than 360 degrees between cable pull points. A review of
the TVA Construction Specification G40 reveal ed no past
requirenents existed to prevent excessive conduit bends
between cable pull points until Revision 8was issued on
Cctober 10, 1985. The indetermnate status of the
installations which may have excessive conduit bends and
conduit overfill may have allowed cable sidewall pressures to
be exceeded at all sites. Additionally, review of the DNE
General Construction Specification G40 deternined potentia
generic applicability for the concerns associated with flex
condui t coupling torque and the quality of conduit material
Conduit cover installation deficiencies resulted from
weaknesses ina good industrial practice of providing
protection to permanent plant itens.

Concl usi on

Because of a lack of design output requirements inthe TVA
DNE General Construction Specification G40, and the results
of the WBN-specific evaluations, generic applicability was
determned to be potential for all active TVA nuclear plant
sites for five of the perceived problens. These probl ens
were related to issues from eight enployee concerns on
excessive conduit bends, flex coupling torque, quality of
material, conduit cover installations, and conduit overfill

Site-Specific
4.1.2.1 Discussion

Nineteen enpl oyee concerns, grouped into the issue
of conduit were site-specific to WNwith two
exceptions. (ne was a concern specific to Bl* and
received under the plant's exit Interview enployee
concern program and the other was received by QrC
specific to BLN.
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The findings discussed bel ow (unless otherw se
noted) will detail findings specific to WBN

a.

Fish tape, pulling books, and other cable

pul ling devices inconduit were not renoved
between cable pulls. Note - The cleanliness
aspect of enpl oyee concern |N-85-138-001 was
attributed to condul et cover installation
deficiencies and is discussed in paragraph | of
this report.

This concern also reported that conduit was so
full that some pulling devices may not have been
removed. This portion of the concern will be
addressed inthe Construction Category Report
Nunber 10900 titled *Cable" inthe cable pulling
issue. The fact that fish tape could not be
removed was attributed to conduit overfil
violations and was addressed in the above
mentioned report.

Note - The issue of overfill was al so eval uat ed
by DNS in subcategory report 3U 23801

Di scussions with DNC WN el ectrical engineers
revealed it was common practice for construction
to leave fish tape or other pulling devices in
large conduits for future cable pulls. This was
determined to pose no detrinental effect to
installed cables. Al cables receive a
functional and/or pre-operation test which
assures that they can perform their intended
functi on.

The DNC response to this enpl oyee concern
reveal ed the specific conduit identified was a
non-QA installation and, therefore, would not
have an adverse effect on nuclear safety. the
DNC report for |IN-86-262-004 (T2S 86 0519 113)
al so confirned that fish tape and other pulling
devices posed no threat to installed cable.

Conduits had accunul ated bends nore than 3600
between cable pul |l points.

A review of the QTC expurgated files reveal ed no
additional pertinent Information was avail able

JR2

32
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Review of National Electric Code. Article 350,
reveal ed the followi ng statement regarding
excessive conduit bends:

“Arun of conduit between outlet and outlet,
fitting and fitting shall not contain nore
than the equivalent of four-quarter bends
(360" total), including those bends |ocated
i mediately at the outlet or fitting."

Review of Construction Specification 6-40 (past
revisions) reveal ed no previous requirenents to
prevent excessive conduit bends between cable
pull points. Revision 8 incorporates the
requirements fromthe National Electric Code

di scussed above.

This area of concern was deened to be
potentially generic to all active nuclear
plants. Site-specific findings follow.

Note: Conduit bend radius violations relate to
m ni um cabl e bend violations and this
issue i sdiscussed i nthe Construction
Category Report 10900 titled "Cable."

VeN

Review of WO NCR 6347. initiated on
September 26. 1985. reveal ed instances of
condui t runs which have nore than 3600
accumul ated bends between cable pull points.

Review of F. W Chandler's response nemor andum
to J. A Raulston, dated November 8, 19M6 (B43
85 1108 933), reveal ed cal cul ations were
performed for conduit runs identified by NCR
6347 to determine if cable sidewaell pressures
were exceeded during cable pulls. Cables
identified with sidewall pressures great er than
allowable limts were to be rerouted.

Review of the latest revision of VN site
procedure QCP-3.03 and DNE Design Standards,
DS-E13.11.4 and DG E13.1.1, revealed that all
have incorporated the new requirenments stating
that conduit runs shall not contain nore than
four 90' bends (360" total) between cable pull
or termnation points.
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Discussion with DNE's Conduit and G ounding
supervisor reveal ed sidewall pressure
calculation records were used to anal yze
conduits to deternine whether there was a need
to replace existing conduit. DNE s Engineering
Procedure, EP 22.29, Revision 1, "Procedures to
Determ ne Acceptable Sidewal|l Pressure Exerted
on Class IS Cables in Existing Conduit
Installations at Watts Bar Nuclear Plant," along
with DNE's cal cul ati on WWBPEVAR8602006
"Determnation of ass IS Electrical Cable

Vi ght/ Foot and Qutside Diameter" were used to
identify cables which violate acceptable
sidewal | pressures. Unacceptable violations
Wil result in'the replacement of conduit and
repulling of the cable per the direction of

DNE.

Revi ew of Engineering Procedure EP-22. 29,
revealed that the purpose of the procedure was
to establish a sanpling programto deternine
whet her maxi mum al | owabl e sidewal | pressure had
been exceeded for Class IS cables at VBN

Review of DNE's cal cul ati on \\ADNPEVAR8602006
revealed its purpose was to deternine the
average and maxi mum cabl e outside jacket
diameters, average and maxi mum cabl e

wei ght/foot, and maximu insulated single
conductor outside dianmeter for each cable mark
number to cal culate sidewall pressure and to
determne cable pull tensions

BFN

A review of the site procedure governing conduit
installation, |A-27, Revision 1, "Installation
of Electrical Conduit System and Junction
Boxis," revealed sufficient precautions to the
installer exist to prevent an excess of 3600 of
bends between cable pull points. The acceptance
criteria does not clearly require Qv QC
verification. A procedure revision request was
generated to correct this deficiency.
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Di scussion with cognizant DNE el ectri cal
engineers reveal ed that the action to be
perfornmed by BFN related to excessive conduit
bends had not been deternined by DNE. These
actions will respond to deficiencies resulting
from past installations under previous revisions
of G C. S G40, before the inclusion of
requirenents for the control of excessive
bends. The actions required will be deternined
fromDNE's eval uation of sidewall pressure
testing conducted at the TVA Central

Laboratory. Preliminary information indicates
the testing for naxinumsidewal | pressure
calculations will address the issues of
er:.cessive conduit bends, conduit overfill, and
naxi num pul | tension.

SNP KAI-6 did not contain a requirenent
prohibiting the installation of conduit
exceeding a 360" accumul ation of bends between
pull points. No verification by QN QC was
performed to ensure the 360" criteria had not
been exceeded.

Di scussion with cogni zant DNE El ectri cal

Engi neering Unit Conduit and G ounding G oup
Leader revealed the actions to be performned by
SN related to excessive conduit bends had nof
been determined by DIE.  The actions required
Wi ll be determined fromDNE' s eval uation of
sidewal | pressure testing conducted at the TVA
Central Laboratory. Prelimnary information
indicates the testing for maxi mum si dewal |
pressure calculations will address the issues of
excessive conduit bends, conduit overfill, and
maxi mum pul | tensi on.

BLN

A review of the BLN site procedures used to

control the installation of all conduit reveal ed
arequirenent to linmt the total nunmber of bends
between pull points to less than 360". Standard
Operating Procedure (SOP) EEU SOP-200, Revision

2,
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"Enbedded Conduit and Gounding," issued
November 12, 1976, specified an inspection for
excessive conduit bends. Al so, EEU-SOP-231,
Revision 0, issued March 5, 1980, " Exposed
Conduit with the exception of the Reactor
Building." limts the total nunber of bends to
360". For quality-related installations after
July 31, 1984, the bend requirement was added to
BNP- QCP- 3.2, Revision 6 for conduit and

BNP- QCP- 3. 34, Revision 3 for cable pul I'i ng.

Discussions with cognizant electrica

engineering personnel reveal ed that although a
requirement for |imting bends to 360" has been
incorporated ii BLN procedures for an extended
period, there isreason to question the
acceptability of jnstallations exi sting before
the Quality Control/Engineering or gani zat i on
split on January 1, 1984. As a result of this
question of acceptability, NCR 4254 was written
to docunent various deficiencies discovered with
conduit installations accepted before

January 1, 1984. The resulting di sposition of
the NCR is:  "All conpleted and accepted conduit
installations during the applicable period are
to be reinspected, docunerted, and reworked as
necessary to the requirenents of BNP-QCP-3.2
Revision 12."  This NCRwill include a
verification requirement for previously accepted
conduit for conformance to the excessive bend

criteria.

c. Conduit congestion and major rework occurred
partly because TVA conpromised specification and
accepted "off-scal e" equi pnent.

Ncte:  Concerns relating to "cluttered" conduit
were perceived to refer conduits in JR2

congested areas.

VBN

Di scussions with DNC el ectrical engineers

reveal ed that conduits were field routed

(not poorly engineered) and, insome cases, JR2
were installed before the design of piping or

other obstructing features were conplete. This
required conduit to be installed on an

accepted "risk basis." Conduits were
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installed in this manner with the understanding
that rework would be required inthe event that
subsequent installations of other features
caused conflicts. This would cause rework of
conduit resulting in instances of congestion.
No instances involving congestion or rework
resulting from conproni sed specifications were
f ound.

d. Conduits issued to the craft were of poor
quality and made of inferior materials.

This area of concern was deenmed to be
potentially generic to all active nuclear
planl:s. Site-ipecific findings follow

VBN

Review of WAatts Bar Quality Control Procedure
VBN QCP-1.36, "Storage and Housekeeping,"
revealed that WBN has a procedure which requires
i nspection of equipnent for proper storage
(level C, for conduit fittings and level D, for
conduit) and to identify damage or deterioration
while instorage.

Review of Watts Bar Quality Control Procedure
VBN QCP-1.52, Revision 6, "Preventative

Mai ntenance,” identified the Material Services
Unit was responsible for inspecting materials
before issue.

Revi ew of DNE Engineering Procedure EP 5.01
revealed that it was the responsibility of the
originating engineering section to specify any
special material requirenents.

Review of WAtts Bar Quality Control Instruction
WBN QCI -1.06, Revision 1, "Receiving." reveal ed
no specific requirenments for inspecting conduit

for material defects.

Di scussion with DNC el ectrical engineers
revealed that WBN has experienced problens with
poor quality conduit supplied by vendors in the

past .
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Di scussion with DNE cogni zant procurement

engi neers determned conduit material contracts
for VBN presently require limted quality
assurance requirements and suppliers with an
approved QA program On March 31, 1978, DNE

i ssued a menorandum to DNC (DES 78 0331 023)
which outlined the guidelines by which QA
materials were to be purchased by DNC. Conduit,
fittings and accessories were anmong the itens
listed which required the supplier/mnufacturer
to have an approved QA program Before

March 31, 1978, TVA did not have a QA program
governing conduit procurenent. Also, memorandum
(DOC 780310 002) supplied information related

to typical QA materials. Conduit and fittings
were included.

Discussion with a Material Quality Control
inspector reveal ed that the receipt inspection

of both conduit and fittings consisted of
verifying the materials specified, size and
quantity by visual inspection, with no specific
procedural  requirenent for inspecting for
defects. It was understood that general
inspections for obvious damaged or defective
material woul d be required.

Material deficiencies specifically related to
the procurement of Erickson type fittings will
be discussed inthe issue titied "Conduit
Fittings" in this report.

BF1

Review of Standard Practice BF 16.4, Revision 2,
indicated that the Power Stores supervision has
overall responsibility for the receipt

i nspection end acceptance of procured itens.
Quality Control personnel are responsible for
receiving QA materials and Power Stores
storekeepers are responsible for other [tens.
The receipt inspections performed for all itens
are docurnent ed.
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A review of Technical Standard TS 01.00. 15. 14. 03

defines outdoor storage and the requirenents
meet or exceed ANSI 45.2.2 specifications

Wl kdowns with Power Services Unit (PSU)
personnel of storage areas for conduit and
conduit fittings reveal ed scattered surface
oxidation (rust) on some conduit with nore
noticeable rusting at the threaded area. The
storage area and placenent of material were in
conpliance with the requirenents of ANS
45.2.2-1972 and no burrs sharp edges, defects,
etc., were noted which woul d be detrinental to,
the cable or insulation during cable
installation activities.

A review of NAI-27, "Installation of Conduit
Systens and Junction Boxes," reveal ed conditions
detrimental to cable installation such as burrs,
cuts, sharp edges, rough surfaces, etc., were
part of the criteria an inspector would use to
verify aquality installation. The conditions

i f found to exist, would be corrected before
acceptance, preventing damage to the cable
insulation during pulling operations.

SON

Revi ew of Sequoyah Standard Practice SQA- 45,
Revision 21, revealed the Power Stores and QA
staff supervisor are responsible for the recei pt
and receipt inspection. The Power Stores clerks
receive non-QA material. A review of
Administrative Instruction ALI-11, Revision 37,

i ndi cated inadequate guidelines are established
to describe what constitutes acceptable materi al
or what actions are to be taken it defective

material is delivered.

A review of Al-36, Revision 9, showed the
storage levels as specified are in conpliance

with the appropriate ANSI standards (ANS
*5.2.2-1978), and conduit is stored inlLevel D
storage, which isoutside storage with mnima
protection fromthe el ements





