February 17, 1988

Docket Nos. 50-327/3528 [ON:
h FIT, 06C
NRC PDR JRutberg
Local PDR EJordan
SEbneter/JAxelrad FMiraglia
Mr. S. A, White SRichardson JPartlow
Manager of Nuclear Power GZech ACRS (10)
Tennessee Valley Authority BDLiaw TVA
6N 38A Lookout Place KRarr, RII Projects Rdg
1101 Market Street CJamerson SON Rdg

Chattanooga, Tennessee 37402-2801 EMcKenna

Dear Mr. Khite:

SURJECT: REVISED SAFETY EVALUATION ON THE TENNESSEE VALLEY AUT%E;ITY (TVA)
SEQUOYAH NUCLEAR PERFORMANCE PLAN

By letter dated January 21, 1988, the Nuclear RoauIatory Commission (NRC)
forwarded its preliminary safptv evaluation on TVA's Sequoyah Nuclear
Performance Plan (SNPP),

The enclosure *o this letter forwards a revised version of this evaluation
which corrects some editorial errors and adds new or modified sections
concerning: (1) nuclear and mechanical calculations, (2) instrument setpoint
accuracy calculations, (3) sensing line slope, (4) cable installation and

(6) restart test program. Of the program elements in the SNPP, the staff

has not yet completed its review of electrical and civil ca1cu1ations

As previously noted, the staff plans to issue this evaluation, in final form,
as NUREG-1232, Vo1ume 2, Part 1, with the evaluations of employee concern
element reports as Part 2,

Sincerely,

Original signed by:

Original signed by:

Stewart D, Ebneter, Director
Office of Special Projects

Enclosure:
Az stated

cc w/enclosure:

See next page //,:>

7 AN
P 03P VAR éy o/P ™  TVA{A/DIR
CJa Er anna #ch, BDCiaw SRichardson
X1 '/8 % /1l 188 7 V788 1, \v/88 v /iv/88
[

(ﬁme\d 0SP:D1RH
: a
+'; - '




UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20685

February 17, 1988

Docke* Nos. 50-327/328

Mr. S. A, Khite

Manager of Nuclear Power

Ternessee Valley Authority

6N 38A Looknut Place

1101 Market Street

Chattanocoga, Tennessee 37402-2801

Dear Mr, White:

SUBJECT: REVISED SAFETY EVALUATION ON THE TENNESSEE VALLEY AUTHORITY (TVA)
SENUOYAH NUCLEAR PERFORMANCE PLAN

By letter cated Jaruary 71, 1808, the Nuclear Pequlatory Commission (NRC)
forwarded its preliminary safety evalyation on TVA's Secuoyah Nuclear
Performance Plan [SNPP),

The enclosure to this letter forwarde a revised version of this evaluation
which correcte some editorial errare and adds new or modified sections
concerrira: (1) nurlear and mecharical calculations, /2) inetrument setpaint
accuracy calculations, (3) sensing line slope, (4) c:ble installation ard

(8) restart test prearam, 0F the program elements ir the SNPP, the staff

has rot yet completed its review of electrical and r<vi) calculations.

As previously noted, the sta®f plans to issue this e 2lyation, in final form,
as NUREG-1222, Volume 2, Part 1, with the evaluations of employee concern
element reports as Part 2,

Sincerely,

Stewart [, Ebneter, Director
Cféice of Specia) Proiects

Fnclesure:
As stated

¢r w'enclosure!

See next page




Mr, S, A, White
Tennessee Valley Authority

cc:

General Counsel

Tennessea Vallev Authority

400 West Summit Hill Drive

Ell B33

Knoxville, Tennessee 37902

Mr. R, L. Gridley

Tennressee Valley Authority

5N 1578 Lockout Place

Chattanooga, Tennessee 37402-2801

Mr. H, L. Abercrombie
Tennessee Valley Authnority
Sequoyah Nuclear Plant

P.0. Box 2000

Soddy Daisy, Tennessee 27379

Mr. M, R, Harding
Tenressee Valley Autharit
Sequoyah Nuclear Plart
P.0, Box 2000

Seddy Daisv, Tennessee 17379

-
L

Mr, D. L. Williams
Tennescee Valley Authority
400 West Summit Hill Drive
Wi0 ges

Knoxville, Tennessee 237002
Courty Judge

Hamilton Countv Courthouste
Crattanncga, Tennessee 37407

Sequoyah Nuclear Plant

Regional Administrator, Regior !
U,S, Nuclear Requlatory Commissien
101 Marietta Street, N.W,

Atlanta, Georgia 30323

Pesident Inspector/Sequoyah NP

¢/o U,S, Nuclear Regulatory Commissior
2600 Igou Ferry Road

Soddy ga1sy, Tennessee 37379

Mr. Richard King

c¢/o U.S., GAD

1111 Korth Shore Drive
Suite 225, Box 194
knoxville, Tennessee 37919

Tennecsee Department rf
Public Health
ATTN: Director, Bureau of
Fnvironmental Health Services
Cordel) Hull Building
Nashville, Tennessee 3721%

Mr, Michae] H, Mobleyv, Director
Divisior of Padiological Health
T.E.R.R.A, Building

160 9¢h Avenye North

Nashvi' e, Tennessee 37203

Or, Henrv Myere Science Advisor
Committee on Interior

and Irsular Affairs
U.S. House of Representatives
Washington, D,C, 20515



NUREG-1232
Vol. 2, Part 1

REVISED PRELIMINARY SAFETY EVALUATION REPORT
ON TENNESSEE VALLEY AUTHORITY:
SEQUOYAH NUCLEAR PERFORMANCE PLAN

PART 1: PROGRAMMATIC EVALUATION

U.S. Nuclear Regulatory Commission
Office of Special) Projects

February 1988



Changes €rom January 21, 1988 Evaluation

Table of Contents - page numbers updated to reflect new text

Acronyms - Acronyms added “or consistency with new text

Section
Section
Section
Section
Section
Section
Sectior
Section
Section

Section

2.3.1 [pp. 2-11 to 13) - text expanded
2,3,3.2.3 (pp. 2-18 to 20) - text added
3.2.1.1 (p, 2-31) - item (5) revised

3.4,1 (p. 3-32 to 35) - text added

3.8.3 (p, 3-50) - last paraaranh addea

3,12 {p. 372 to 73) » text adJed

2,13 (p, 3-78) - refererce date corrected

4,6 (p. 4-2) 4th paragraph revised

4.8 (p, 4.27) - Yast paracraph wording revised

4.9 (pp, 4-32 tr 26) - text added

Appendix B - references urcated for ccrsistency

Appendix [, Attachmert 16 - added



ABSTRACT

This Safety Evaluation Report (SER) on the information submitted by the
Tennessee valley Authority (TVA) in its Sequoyah Nuciedr Performance Plan,
through Revision 2, and supporting documents has been prepared by the U.S.
Nuclear Regulatory Commission staff. The plan addresses the plant-specific
concerns requiring resolution before startup of either of the Sequoyah units.
In particular, the SER addresses required actions for Unit 2 restart. In many
cases, the programmatic aspects for Unit 1 are identica)l to those for Unit 2:
the staff will conduct inspections of implementation for those programs. Where
the Unit 1 program is different, the staff evaluation will be provided in a
supplement to this SER.

On the basis of its review, the staff concludes that, subject to resolution of

identified open items, Seguoyah-specific issues have been resolved to the extent
that would support restart of Sequoyah Unit 2.
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NMRG Nuclear Manager Review Group
NO Nuclear Operations (TVA)
NQAM Nuclear Quality Assurance Manua)
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SAL Sequoyah Activities List
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i INTRODUCTION

On September 17, 1985, the Nuclear Regulatory Commission (NRC) Executive
Oirector for Operations issuec a letter to the Chairman of the Board of Direc-
tors of the Tennessee Valley Authority (TVA) pursuant to Title i0 of the Code
of Federal Régulations Part 50.5+f (10 CFR £0.54f). This letter requested
information on the actions VA was taking to resclve NRC's concerns about TVA's
nuclear program. These concerns were divided into four categories. (1) corpo-
rate activities, (2) the Sequoyah Nuclear Plant (SQN), (3) the Browns Ferry
Nizlear Plant and (4) the wattr Bar Nuclear Plant.

TVA's Corporate Nuclear Performance Plan (CNPP). which was prepared in response
to the NRC Tetter, was originally submitted to the NRC on November 1, 1985 The
revised plan was submitted on March 10, 1986, subsequent revisions submitted to
the NRC on July 17, July 31, December 4, 1986, March 26, and Jecember 10, 1987.
The NRC staff safety evaluation on the revised CNPP, through Revision 4, was
issuec as NUREG-1232, volume 1, July 1987,

In addition to its corporate plan, TVA is preparing separate plans to address
site~specific problems at each of its nuclear plants. This NRC Safety Evalua-
tion Reprrt (SER) documents the staff's revies of the corrective actions imple-
mentec by TVA to resolve problems at SON, particularly for Unit 2 restart. In
many cases, long~term corrective actions, extending beyond startup, are required
to fully resolve these issues. The Sequoyah Nuclear Performance Plan (SHPP) was
submitted on November 1, 1985 Revisions 1 and 2 te the plan were provided to
the NRC by TvA on Apri) 1 (S. White, TVA) and July 2, 1987 (5. white, TVA)
respective’y  Separate sta’f evaluations will be issued for Sequoyan Unit 1,
Erowns Ferry ang watts Bar at a later date.

TUA has established functiona) nuclear divisions and departiments at its head-
quartars to provide technical direction to its nuclear facilities. The plant
Site Director at each site plans, schedules, and coordinates the directives of
the headquarters staff. Correcti-e initiatives started at the corporate leve)
are being implemented 2" Sequoyah through the Sequoyah Site Director as wel) as
tarough TVA offsite organizaticns responsinle for direct support teo Sequoyah.
TVA established a Sequoyah Task Force on March 19, 1986, to review implementa-
tion of the corrective actions applicable to Sequoyah, to initiate specific
actions to address Sequoyah problems, to monitos and ensure that a list of al)
known work items has been compiled, and to review the process and identification
of those items required to be completed before restart of Sequovah Units 1 and
2, which were shut down by TVA in August 1985. This tack force examined the
distribution of Sequoyah-related issues that had been identified by the corpo-
rate leve! team of industry advisors, Lo confirm that the actions taken at
Sequoyah suitably address the root causes of problems. Sequoyah site-specific
issues deal primarily with jeration:, maintenance, design control, and manage-
ment system implementation. The SNPP describes the programs anu activities
planned by TVA to imp-ove performance in each of these areas.

To complety its assignment, the Sequovah Task Force ceviloped a list of Sequoyah
piant activities (except for those of a routine nature) to be completed before

TVA SER vel. 2, Part ] -1 Revised Preliminary Report



restart (Section IV.3.0 of the SNPP). The Sequoyah Activities List (SAL) was
based on issues identified by NRC inspections, TVA quality assurance (QA) audits,
American Nyclear Insurers (ANI) audits, Institute of Nuclear Power Operation
(INPQ) inspection reports, Sequoyah corrective action reports (CAR) and dis-
crepancy reports (DR), TVA Nuclear Safety Review Staff (NSRS) and Nuclear
Safety Review Board (NSRB) reports, employee concerns, Sequoyah reactor trip
_eports and licensee event reports (LERs), and technical issues identified by
TVA's Division of Nuclear Engineering (DNE).

The task force had established criteria (Section IV.2.0 of the SNPP) to deter-
mine which ilems wore raquired to be resolved for restart. The staff has
reviewed and accepted this criteria by letter dated June 9, 1987. The task
force reviewed the process the line organization uced to icentify, evaluate,
disposition, and close out items and reviewed the adequacy of planned actions
Lo be taken before Sequoyah Unit 2 restart. As new issues arise and work
activities are developed, they are reviewed by Sequoyah management to determine
their importance to restart. The Site Director must approve all new items
added to the restart list; however, only the Manager of the Office of Nuclear
Power (ONP) ran delete items that have been designated tur restart.

TVA described a number of specia) programs to ensure integrated corrective
actions gealing with problems created by deficiencies in the past conduct of
activities. Section I11 of the original SNPP identified special programs that
needec to be resolved before restart of Sequoyah Unit 2. These include pro-
grams to

. complete the documentation and resolve electrica) equipment environmenta’
qualification questions initially raised at the time Sequoyah was shut

down

verify the adequacy, with regard tc safe plant restart, of past selected
safety-relatea cesign modifications keeping in mind the weaknesses in
past design contro) programs

reexamine cable tray support analysis for weaknesses in the analytica)l
Dasis

complete system analyses where proper design documentation did nut exist
'n the past

verify the adequacy of piping ana supports that were not rigorously
anaiyzed and where alternste analysis methodology ha: been poorly applied
in the past

resnlve any differences in the affects of increased temperatures during
main steam line breaks engenderea by revised vendor analysis

resoive identified areas nf noncompliance with 10 CFR 50, Appendix R,
fire protection requiremer .

. dssess Lhe adequacy of the welding program at Sequoyah, an issue raised
through the employee concern program

. examine issues with regard to instrumentation sense lines

TVvA SER veol. 2, Part ) -2 Revised Preliminary Report




Since tne original issuance of the SNPP, TVA has added other special programs
to Section III of the plan. These include programs to

° determine if a problem exists with regcard to pipe wall thinning, similar
to that which led to a pipe rupture at the Surry Nuclear Plant

. estadlish a Restart Test Program

¢ review replacement components and parts and resolve those that do not meet
the same quality requirements as the installed equipment

. assess the adequacy of cable ampacity design calculations

. resolve cable pullin? concerns such as sidevall pressure, bend radius,
jamming, and overpulling

o correct a misapplication of actuator fuses

’ resolve an apparent nonconformance with 10 CFR 5C, Appendix A, involving
centainment penetrations

There are other programs as wel) %o corsider misce)laneous civil engineering
issues, moderate energy line break flooding, containment coatings, ECCS water
1085 outside the crane wall, platform thermal growth, and hest code tracedbility.
Many of these programs are applicable to Units 1 and 2 although actual imple:
mentation for Unit 1 may not be complete until after Unit 2 restart.

The programs mentioned above are evaluated in Sections 2 through 4 of this
evaluation. They have been grouped into three sections: adequacy of design,
special programs and restart readiness,

Another major problem area included the concerns expressed by TVA employees
regarding the quality of TVA's nuclear activities. The programs relating to
employee concerns are briefly described in Section 5 of this evaluation. The
staff performed individual safety evaluations for the resolution of specific
concerns, these will be addressed in Part 7 to this SEk.

The NRC plans Yor handling allegations is discussed in Section 6 of this
evaluation.

TVA SER vol. 2, Part ] -3 Revised Preliminary Report



¢ ADEQUACY OF DESIGN

One of the root causes of the problems at Sequoyah was the failure to consis-
tently document any changes vo the plant's design basis and to maintain the
plant's configuration in accordance with that basis. TVA's efforts to
strengthen ¥ts design control programs and to assess the effects of past
weaknesses on the plant are discussed below.

In addition to TVA's efforts, the staff also conducted an integrated design
inspection (IDI) of the Sequoyah essential raw cooling water system. ‘“he 10!
was to provide added assurance to the NRC that a)l major design and ronstruc
tion problems had been identified and resolved before Sequoyah Unit 2 restart.
The review focused on interfaces throughout design, engineering, construction,
and cperations. The inspection indicated the need for the licensee to pursue
further corrective actions most notably in the area of civi) engineering.

The IC0I is further discussed in Insnection Reports 50-327/328 87-52 (1D As-
Built Walkaown) and 87-48. Further information is also provided in TVA letters
of October 29, and December 29, 1987,

2.1 Plant Modification and Dcsign Contro)

2.1.1 Introduction

In June 1985, TVA's Office of Engineering initiatec a major restructuring of its
gesign control program to replace a confusing array of redundant and overlapping
procedures with an Engineering Program Directives Manual and a site-specific
Project Manual. TVA had an independent contractor (Gilbert/Commonwealth) assess
the adequacy of the new Sequoyah design control program.

NRC concerns regarding the generic implications of the design control process
were detailec in the 10 CFR 50.54(f) letter dated September 17, 1985. In this
letier, the NRC also requested that TVA provide a detailed description of the
cesign control survey being conducted by Gilbert/Commonwealth for TVA, including
& discussion of any generic implications on plant design. In response to this
request, TVA submitted a report of the status of the design control program as
Part V of the original SNPP. In this document, TVA stated that the design
process conformed to then-existing guidance, standards, and regulations.

The Gilbert/Commonwealth survey was completed during October 1985 and submitted
to the NRC on June 27, 1986. The survey determined that the then-current design
control program was adequate, with three exceptions: (1) the need for reliable
information on plant configuration for engineering personnel, (2) the need for
increased emphasis on the documentation of design inputs, and (3) the reguire-
ment for completed design work to be reviewed for potential unreviewed safety
questicns.

In its review of the survey, the staff noted that the scope of the Gildbert/

Commonwealth review was )imited to the Sequoyah design contro) program imple-
mented after June 1985, Thus, the survey did not assess the completeness of
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the previous design contro) program, nor the adequacy of designs developed
under that program. The staff, therefore, asked TVA to describe more com-
pletely the basis for its conclusion that Sequoyan design controls were ade-
Quate. TVA subsequenily contracted Giibert/Commonwealth to review the engi-
noorin? change notices (ECNs) that had been implemented from the date of plant
licensing to verify that modifications made under the old procedures adhere to
original design inputs and conform to app'icable codes, standards, and regula-
tory requirements.

Ouring a meeting on December 12, 1985, the staff raised concerns about the
adequucy of the controls on plant configuration with a "two-drawing” (as-
designed and 1s-constructed) design control system. TVA committed to initiate
@ survey to assess the plant's current configuration to ensure that unreviewed
safety questions did not exist. This survey was performed on a representative
sample of three plant systems. The survey showed that unreviewed safety ques-
tions would result with two modifications if they were not completed or analyzed
before restart. Additional weaknesse: found in the configuration control pro-
gram included inaccurate status of engineering change notices, r control of
as=constructed drawings in the control room, and a large backlog of changes
that had not been implemented and changes that had been implemented but not
administratively closed out.

The staff inspected the second Gilbert/Commonwealth review and the TVA survey
(Inspection Report 50-327/328/86-27) during the final stages of these efforts.
TVA submitted the reports of these reviews to the NRC in a letter dated

June 27, 1986. The inspections confirmed the inadequacies identified in the
reviews and the TVA survey and raised the following additional issues:

° In several cases, standard industry codes and practices were not fo)lowed
in the samples of original design examined by the NRC staft in conjunction
with the review of the Gi\bort/gommonwoalth effort,

Some disciplines did not have calculations available to support the origina)
design basis

Temporary alteration procedures had been used for permanent design modifi-
cations and management controls dig not previde for engineering review and
closure.

There was not adequate design evaluation and documentation of seismic
requirements in some instances,

In five cases, design modif‘cations violated the assumptions or the state-
ments contained in unreviewea safety question determinations.

In addition to the above reviews and inspections, TVA's Corperate Division of
Nuclear Engineering assessed an evaluation conducted by INPQ and an interna)
evaluation of Sequoyah design control problems. TVA concluded that design
control probiems did exist and that the primary cause oY these problems related
Lo a lack of a comprehensive and integrated program to contro! design configu-
rations during plant operations. Since licensing of Sequoyah, TVA had gone to
an owner/operator concept where operations, rather than a centralized enginesr-
ing organization, controlled plant modifications=~including design work==to the
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extent of selecting the modirications to e implemented and the engineering
organization to use and releasing funds for the engineering wesign work.

The Sequoyah Nuclear Performance Plan (SNPP), Part 1., Section 3, addresses
problems with the control of design changes and plant modifications and provides
an action plan for improvement: in the design control program. According to
T.A, the weaknesses in this a - , including the failure (1) to tborou?hiy
document engineering work fo: .:sign changes and (2) to maintain consistency
between "as-designed” and "as -Jnstrucied” information, were attributed to

. organizationa) problems (addressed separately in the revised Corporate
Nuclear Performance Plan and Section 11.1.2.5 of the SNPP)

$ lack of adequate design controls and coordination of plant modifications
that were done on a drawing-by-drawing basis

" the inability of Sequoyah personnel to follow through in a timely fashion
with the paperwork associated with changes

. a two-drawing system, where the as-constructed drawings were maintained at
the plant and as-designed drawings were maintained by the Division of
Nuc i 2ar Engineering at TVA headquarters

the fa'lure to maintain current design criteria and design basis information

the large scope of some modifications and the associater work plans needed
tc implement the changes

To correct these weaknesses in the design contro) area, TVA proposed the actions

listed below
. revise Lne cesign control process to provide improved control of future
design changes and plant modifications

improve plant drawings to properly reflect past changes in a legible
manner

establish the design baseline and verification program (DBVP) to assess
the adequacy of past modification work and to correct deficiencies

’ review essential design calculations to provide definitive design basis

The DBVP and calculations review programs are discussed in more detail in
Sections 2.2 and 2.3, respectively. The remaining aspects are discussed below.

2.1.2 Evaluation

TVA has acknowledged problems with contro) of plant design changes ang is
implementing an improved design change control program at Sequoyah. Design
contro! problems identified through emp'c, 2e concerns, externa) reviews such as
those performed by Gilbert/Commonwealth and the Institute of Nuclear Power
Operations (INPQ), and NRC inspections are being individually addressed and
correctec. TvA's action plan represents a significant enhancement to the
design control process. Adequate controls appear to be in place for any
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modifications performed during the transition phase as discussed in Inspection
Report 50-327/328 87-42.

TVA's inpro;ed design change control program will be implemented in two phases
for current and future plant modifications.

The first phase is to be implemented before restart of SQN Unit 2 and includes
a change control board and a transitional design control system. The chan
control board consists of senior Sequoyah personne) who will provide overall
management cohtrol during the trsnsition period. The board will (1) evaluate
existing and proposed modifications to minimize changes, (2) review plant
modifications to ensure that line managers are accomplishing the changes in
accordance with adequats design and configuration controls, (3) ensure that
nec2ssary interface and control procedures exist to maintain design integrity,
and (4) ensure that the status of design and plant implementing documents
associated with modifications is kept current. The transitional design contro)
system will be based on modified TVA design control procedures. This process
wil] require that design changes that are to be implemented be contained in
complete packages specific to the appropriate unit. This will facilitate the
reviewss required to ensure that each change has been quality engineered, that
't can be installed and tested, and that documentation and safety analyses are

complete and based on actual plant configuration. A task engineer will coordi-
nate these efforts

In SNPP Section 11.3.3.2, TVA indicates that one of the major keys in maintain-
ing design control is a single, stand-alone plant modification package. Thisg
modification package will include a unique mogification number, a description

of the change and the reason for it, a' unreviewed safety question determination
(USQD), anc installation and testing requirements.

TVA noted in Appendix 2 to the SNPP that many configuration markings on as-
constructed drawings in the main control room were ambiguous, 1legible, ang
incorrect. TVA established a program to: (1) check all configuration markings
for accuracy, (2) correct legibility problems and (3) develop an improved
drawing system. This effort complemented the first phase of the new design
control programs. However, during its inspection in Apri) 1987, the staff
identified two items of concern in the area of drawing control, the adequacy

of primary and critica) drawing lists and the adequacy of the temporary change
process. The first item was resolved in Inspection Report 50-327/328 87-65%:
the latter is a violation (87-65-03).

The second phase in the development of the improved design control program will
be to establish a permanent design control system based on the plant modifica-
tion package concept. A procedure will be developed to ensure a comprehensive
and focused evaluation of modifications and proper implementation and follow
through. Enhanced aspects of this program include the use of the actua) plant
configuration for design, updated design criteria, accurate reflection of the
modification in licensing documents, and an integrated, project-oriented

’pproach to handle changes to the plant, as opposed to the ragmented work-plan
approach used in the past.

The permanent design contro) system will provide additicna)l enhancement to the
design control process, However, the staff recognizes that time)iness of the
implementation of the permanent design change program is of concern to plant
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safety. TVA submitted additiona)l information regarding its schedule for imple-
mentation of the permanent design contro)l system in letters dated December 11,
1986, and February 27, 1987(a). In the December 11, 1986 letter, TVA commits to
consolidation of the "as constructed" and “as-designed" information on DBVFP
primary drawii.gs before the end of the second refueling outage after restart of
Unit 2. The staff finds this commitment acceptable because (1) the first
refurling is presently planned for several wonths after restart and (2) in the
interim, the actua! configuration will be depicted on marked-up drawings avail-
able for engineering and operational purposes. By letter dated December 15,
1987, TVA statec that Civision of Nuclear Engineering procedures, which were
neecded to establish the process for pieparing Sequoyah impiementing procedures,
have been .mplemented. Site leve)l procedures and training will be completed by
March 31, 1988. [he staff finds this schedule for transition acceptable.

2.1.3 Conclusions

On the basis of the above discussion, the staff concludes that TVA has taken
appropriate steps to correct design control problems at Sequoyah. However, a
viclation concerning control of temporary cnan?os to drawings remains to be
resolved with the staff. In addition, the staff will consider the adequacy
of drawings during its review of operational readiness for Sequoyah Unit 1.

TVA has not committed to implement a single drawing system for drawings other
than DBVP drawings which are used by operatisns to operate the plant (primary
drawing such as P&IDs). Other drawings will apparently be produced only as
needed to support modifications. The staff believes that a more comprehensive
approach, which inclucdes schedulirg details and ‘dentification of all other
drawings to be maintained as configured, is needed. In a letter dated April 1,
1587{a), TVA stated that the details rcgardin? comprehensive scheduling of
drawings to be maintained as~configured is stil) being developed. This item
remains open

2.2 Design Baseline and verification Program
2.2.1 Introduction

TVA's specia) gesign baseline and verification program (DBVP) to assess the
effect of past weaknesses in design and configuration control and to identify
any corrective actions that may be ~equired is addressed in SNPP Section 111.2.

TVA forwarded the original documentation for this program as anr enclosure to a
June 27, 1986 letter to the NRC. In aadition to this submitta), TVA presentsd
an overview of the DBVP to the staff at a public meeting in Bethesda, Maryland
on July 17, 1986. The description of the program was subsequently revised and
supplemented by a T\" letter catec December 31, 1986(a).

The intent of this program is to provide additional confidence that the plant
meets its original licensing bases. The program includes (1) verifying and
establishing plant configuration; (2) reconstructing the design basis; (3) re-
viewing and evaluating, against the design basis, those modifications made
since the operating iicense was issued; and (4) perforning required tests or
medifications developed from this review.
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This program ' . four major areas:

. The deyelopment (or updating) of design criteria for both systems and
guneric plant design requiced for the pre-restart phase. This will in-
Clude an evaluation of the inciusion of licensing commitments in design-
basis documents.

. System walkdowns and/or test reviews, within the program boundaries, to
verify the configuration and proper functional arrangements as cepicted
¢n primary control room drawings are correct.

. The evaluation of facility modifications that have been implemented or
proposed since the operating license was issued to determine the techni-
cal adequacy of the modifications against the (updated) design-basis
documents. Additionally, the status of engineering change notices (ECNs)
were assessed to ensure that those notices that have been partially
implemented, or not implemented at all, do not reduce the system's ability
Lo perform its designated safety-related function or violate a licensing
commitment.

. System evaluations, on the basis of results produced from the modification
evaluation and walkdowns, to determine whether the systems, as modified,
fulfill their functiona' design requirements (relative to FSAR Chapter 15
accidents and safe shutdown) and Ticensing commitments.

TVA a)so plans to extend its assessment of ENs outside the scope of the pro-
gram to verify that an unreviewed safety question has not resulted from failyre
to implement or complete such changes.

2.2.2 Evaluation

The DBVP is being ‘mplemented in two phases. The pre-restart phase is limited
Lo those systems, or portions of systems, required to mitigate accidents ad-
dressed in Chapter 15 of the Final Safety Analysis Report (FSAR) or to provide
for safe shutdown. (This defined scope does not include al) safety-related
components and systems.) The post-restart phase continues engineering activi-
Lies within the pre-restart phase that TVA considered not essentia) to safe
restart but are necessary to correct identified design contro) problems. This
phase will also extend [ortions of the program to other safety-related systems.

Scope of Pre-restart Phase

The staff evaluated ihe adequacy of the scope of the pre-restart phase of this
program as presented in the June 27, 1986 submitta). Phase | applies to Unit 2
and common portions of the required systems.

During this initial review, it was not clear to the staff

(1) why TVA chose to include only that portion of the ice condenser required
for containment isclation

(2) why the hydrogen analyzer and the permanent hydrogen mitigation system
(PHMS) were not included as part of the hydrogen mitigation system
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(3) why the auxiliary feadwater suction and recirculation piping from the
condensate storage tank were not included

In addition, on the basis of the system descriptions submitted by TVA, the staff
could not verify that the main steam isolation valves (MSIVs) were included in
the program scope.

In its response dated December 11, 1986, TVA adequately clarified the staff's
concern relating to the auxiliary feedwater system in that the essentia) raw
cooling water provides a safety-grade supply of water to the system and minimum
flow requirements are provided through a branch line containing a flow restrict-
ing orifice. These features were examined under the DBVP. In addition, TVA
confirmed that the main cteam system from the steam generators through the MSIvVs
and the main steam check valves were included in the DBVP.

while TVA igentified the ice condenser as a system to be addressed in Phase |

of the DBVP, only that portion required for containment isolation was included.
It was the staff's position that the portion of the ice condenser system in the
OBVF Phase | should include al) elements and comporents of the ice condenser
that, in concert, enable the system to perform its safety function (e.g., doors,
drains, seals, baskets, structural members, isolation barriers). ‘With regard

to the hydrogen analyzers and the PHMS  TVA had excluded those items from the
pre=restart portion (Phase 1) of the DBVP on the grounds that they are not
needed to mitigate FSAR Chapter 15 design-basis accidents, which was the
selection criterion developed by TVA. Although the staff concurred »ith the TVA
conclusion that the hydrogen analyzers and the PHMS are not needed to mitigate
FSAR Chapter 15 gesign-basis accidents, it was the staff's pesition that, in
view of the ice condenser containment design vulnerability to hydrogen, design
features related to hydrogen are sufficiently important to warrart review as
part of the DEVP Phase |. Furthermore, since various independent reviews of

TVA design programs had concluded that design contrc! at Sequoyah was particus
larly weak after the operating license was issued, it is prudent to include

Tt in the pre-restart phase because the PHMS was designed and installed after
the license was issued. In its response dated February 27, 1987(a), TVA proposed
agcitiona) tecrnical assessment of these items (the ice condenser, PHMS. and
Pydrogen analy ers). With the addition of these items in the restart partion
of the DBVP, the staff concluded that the scope of systems being reviewed is
sufficient to ensure the design adeauacy of requisite safety systems.

The staff had noted in its January 20, 1987 evaluation that TVA was considering
safe shutdown to be defined as hot standby for Sequoyah. The staff considered
this inconsistent with its earlier position taken in NUREG-0N11 and its Supple-
ment 1. These NRC documents discussed compliance with Branch Technical Posi-
tion (BTP) RSB 5-1 (NUREG-0800) for reaching cold shutdown with safety grade
systems. TVA responded in a letter dated February 27, 1987(a) that Sequoyah's
RMR system does not meet the requirement for achieving cold shutdown with
safety-grade equipment and that this was recognized by the staff in NUREG-0011.
Basec on further review of NUREG-0011, the staff agrees with TVA's interpreta-
tion that Sequoyah's design basis is hot standby. The staff, therefore, con-
siders that the pre-restart scope of the program is acceptable.

During its inspection, the staff identified an open item relating to whether

proper functionality of legic and instrumentation could be verified during
wd  kdowns In response to this concern, TVA noted that electrical) and
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instrumentation and control attributes were verified through various other
methods, including; verification of terminations by & review of post modifica~
tion test plans, verified work plans, or walkdowns, reviews of cables and
junction boxes through the £Q program; a separate fuse verification program,
and a sampling walkdown of instrument sensing Tines. These activities satise
factorily resolve the staff's concern regarding the scope f the electrica)
walkdowns .

The staff had also identified a concern regarding the inclusion of only plant
modifications made since licensing and not extending the review to include the
original plant design. These observations were considered open issues and were
sent to TVA for resolution in a staff letter datec September 9, 1986. In a
response dated December 11, 1986, TVA presented the basis for the DBVP scope.
As stated by TVA, other programs in the SNPP address specific pre-OL program
weaknesses. In uddition, the NRC conducted an integrated design inspection at
Sequoyah as discussed previously. Based on these considerations the staff has
concluded thal the scope and system selection for Phase I of the design base-
line verification program are acceptable.

TVA defined the scope of the post-restart (Phase 11) portion of the DBVF in a
May 12, 1987 letter. The staff has not completed its review of the Phase I!
program; nowever, this review by the staff is not essential to issuing an SER
that addresses the acceptability of TVA's programs to support restart of
Sequoyan Unit 2. An evaluation of the Phase I1 program wil) be issued by the
staff at a later cate.

TVA lngependent Cvors\g>t Reyview

As an integral part of its DBVP, TVA had the Engineering Assurance (EA) group
of the Division of Nuclear Engineering perform an incependent oversight review.
This independent review effort is staffed on a full-time basis througlout
Phase | and 15 comprised of a multigiscipline team of senior experienced
technical personne) (EA te.»). An in~depth description of the independent
Oversight review process and its results is contai~ed in TYA Report EA-QR-001,
"Engineering Assurance Oversight Review Report, SQN Unit 2 DBVP," which was
forwarded 1o the NRC by a letter dated May 15, 1987.

The objectives of this independent review are listed below.

= Confirm and validate that engineering activitiss are being conducted in
accordance with the overall approved program plan, in accordance with the
dpproved procedures established for the DBVP, and by personnel trained for
the specific activity teing confirmed/va)idated.

¢ Confirm the functional and technical adequacy of the system evaluations
and the completeness/correctness of the supperting documentation.

- Verify that the corrective actions resuiting from the TVA evaluations
have been implemented and documented.

' verify the adequacy and effectiveness of the transitional design change
control methodologies and procedures.
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A supplemental report by EA team was forwarded to the NRC by letter dated
October 23, 1987. The team': overall conclusions are given below.

’ The DBVP procedure:s were complete and adequate and met the objectives of
the program and the activities conducted by the DBVP were correct, age-
Guate, and in accordance with program protedures.

¢ The DBVP project demonstraced the functional end technica) adeguacy of
modifications by previding and/or identifying supporting documentation and
Justification to establish that modifications comply with the re-estad)ished
restart design-basis requirements.

e Reconct! '+ for of the corrective actions and restart decisions for punch-
1ist items was adequate. The identified corrective action docusents pro-
viged appropriate resolutions for the punchlist item concerns; the justi-
fications to suppert post-restart decisions were adequately documented;
Ard the changns made to corrective actions and/or restart decisions that
were different from what was reported in the system evaluation reporys
were lustifiec and appropriately documented in the s)ystem closeout
statements

9 The trarsitiona) design change contro) process is being implemented in a
satisfactory manner. Organizational interfaces, responsibilities, and
réview/approval s thorities have been satisfactorily addressed proceaurally.
Although there ' «¢ ~ccasional viclations noted in the implementation of
the procedures, ' re yults were technically acceptable and an adeguate
‘evel of support t Loumentation was made available in the process without
acaitional rewcrk. Tighter project management controls wil)l be required
Lo ensure procedure compliance. The EA team wil! continue to monitor this
area as part of the DBV Phase 1] oversight activities.

The team concluded that there are no apparent programmatic weaknesses remaining
to be resolved with the program as a result of their findings and project action
10 agaress these fingings. The team verified that actions had taken place to
correct its fingings, team concluded that the yre-restart phase of the DBVP has
beer fully ang effectively implemented.

NEC review anc inspection of the EA oversight has revealed an effective and
thorough effort.  The EA oversight resulted in both programmatic improvements
and fgentification of technical shortcomings in various aspects of the DBVP
implementation. TvA has taken action to correct these issues, and the EA
tear adeguately monitored the corrective actions and enhancements. The staff
considers that the EA oversight has provided significant additional assurance
regarding the overall adequacy of the DBVP.

NRC Inspection Findings

Five NRC inspections have been conducted to assess the adequacy of TVA's DBVP
to support restart ¢f Sequoyah.

NRC Inspection Report 50-327/328 86-38 summarizes the NRC's review of TVA's

overall DBVP plan and scope, TVA's procedures for DBVP project review and EA
oversight, TVvA's preparation of system walkdown packages within the DBVP scope,
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2.3 Design Calculations Program

TVA and the NRC have conducted several reviews in the past that have shown
inadequate documentation of the calculations supporting the design basis for
TVA's nuclear plants. Calculations have been determined to be missing, incom-
plete, or outdated. TVA's engineering disciplines (nuclear, mechanical, civil,
and electrical) have each developed programs to resolve these problems. These
efforts incluge (1) idertifying essential calculations; (2) verifying the
existence of , or regenerating, essential calculations; (3) ensuring the tech-
nical adequacy of these calculations; and (4) ensuring the calculations are
current.

Essential ~alculations are those which address existing plant systems or
features whose failure could (1) result in a loss of integrity of the reactor
covlant system, (2) result in the loss of ability to place the plant in a safe
shutdown condition, or (3) result in a release of radioactivity off site in
excess of a significant fraction of the 10 CFR 100 guidelines.

The sections below discuss the calculations review efforts for the various dis-
ciplines. The NRC has conducted inspections in this area in coordination with
the review of the DBVP. These inspection activities are discussed in
Inspection Reports 50-327/328 87-06, 87-27, and 87-64,

-

2.3.1 Nuclear and Mechanica)l Calculations

TVA's Nuclear Engineering Branch (NEB) and the Mechanica) Engineering Branch
(MEE) reviews implemented each of the objectives of the DNE calculation review
effort.

To establish the 1ist of essential calculations, NEB developed a list of cal-
culations necessary to support the nuclear design and compared this list to the
files of existing Sequoyah calculations. The existing calculations were
identified as essential, desirable, file only, or superseded. A1) classifica-
tion information was captured and verified in the calculation cross-reference
information system (CCRIS) computer data base.

As a result of this effort, NEB identified a total of 395 essential
calculations. Of these, four were identified as missing. Two of the missing
calculations were required for plant restart and were regenerated.

To assess technical adequacy of the essential calculations, NEB initially took
a sampling approach except for the calculations performed by the Safety Systems
Section, which are primarily calculations used to support FSAR Chapter 15 acci-
dent analyses. The critical safety evaluations performed by Safety Systems
Section received a 100-percent review. As a result of a random sample in the
other sections, NEB determined that there were numerous errors in the pre-1985
calculations performed by the Radiation Protection Section. Additional sam-
ples were taken in this area as a result. The scope of the review program

also was espanded when it was ‘ound that the initial sample selection did not
address calcularions supporting modifications reviewed by the design baseline
and verification program, nor those calculations performed by the NEB located
at the cite. As a result of deficiencies identified during these reviews, NEB
decided to perform a technical adequacy review of the remaining essentia)
calculations.
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NRC inspections monitored the implementation of the nuclear calculation review
effort. These inspections noted that the NEB calculation review had identified
30 unacceptable calculations (of which 21 were essential). These have been
corrected with no effect on hardware. The staff considers that there is a high
confidence that essentia) nuclear calculations needed to support the Sequoyah
design are in place.

To establish the 1ist of MEB essenti.) :alculations, a general list of calcula-
tions necessary to support the mechani.al design of a nuclear power plant was
developed. MEB determined that 111 calculations were "missing” from the total
set of 397 calculations determined as essential to the Sequoyah design. The
staff noted that several calculations listed in the calculation log were
obsolete or superseded. Therefore, MEB had to regenerate the missing calcula-
tions and identify the controlling calculations. The missing calculations were
all regenerated. No equipment or hardware changes were required as a result of
regenerating these calculations.

MEB initially sampled 55 previously existing essential calculations to assess
their technical adequacy. Six of these were determined to be unacceptable;
three in the heating, ventilating, and air conditioning area involving improper
heat load input and three in the area of heat exchanger analysis involving
inadequate use of vendor data for calculations involving "off-design" condi-
tions. These calculations were identified as common-cause deficiencies and

he subject calculations were revised, As a result of the number of unaccept-
able calculations and a lack of examination of calculations associated with
the design baseline verification program, an additional set of 22 calculations
was reviewed for technical adequacy. Seven additional calculations were
identifiec as unacceptable (these calculations were then revised). TVA then
decided to perform a technica) adequacy review of the remaining essential
calculations.

TVA contracted Stone & Webster Engineering Corporation to perform this addi-
tional review. Results of this review were provided in TVA's Task Completion
Report SQTCR 008-1, Revision 0, "MEB Calculation Technical Adequacy Review."
This report was reviewed by the staff during inspection 50-327/328 87-64. Of
the 335 calculations reviewed, all but 5 were considered acceptable. The five
remaining calculations were in the process of being corrected pursuant to TVA's
condition adverse to quality process, with no anticipated impact on Sequoyah
restart. Stone & webster Engineering Corporation concluded that the MEB
calculations that were reviewed were generally of high quality and supported
the Sequoyah design basis.

The essential mechanical calculations have been entered into the CCRIS to data
base to establish a consolidated calculation and cross-reference loy.

NRC inspections monitored the implementation of the mechanical calculation

review effort. Although one additional calculation regarding HVAC adequacy
during a station blackout was considered missing, the staff considers that

there is a high confidence that calculations needed to support the Sequoyah
design are in place.
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TVA's engineering assurance organization conducted in-process technical reviews
of the calculation reviews. NRC inspections observed this oversight and con-
sidered it to be effective in monitoring and controlling the calculation
review.

Deficiencies, which were identified during the calculation review efforts, were
being tracked for resolution by TVA's condition adverse to qualicy (CAQ) pro-
cess. The staff determined that TVA was appropriately applying the documented
restart criteria for scheduling necessary corrective actions.

The staff concluded that the nuclear and mechanical engineering calculation
review effort has been adequately defined and implemented to identify the
necessar; essential calculations for the operation of Sequoyah; that the
technical adequacy of the calculations has been adequately demonstrated; and
that necessary corrective actio.s are being scheduled in accordance with the
Jocumented restart criteria. Therefore, the staff finds the TVA actions for
resolution of NEB and MEB concerns acceptable.

2.3.2 Civil Calculations

Quring its review of civil engineering calculations, TVA determined that 2 large
number of rigorously analyzed pipe support calculations were not retrievable.
Accordingly, TVA initiated a program to regenerate these calculations. In sup-
port of this program, TVA developed a criteria document, SQN-DC-V=24.2, to ce-
fine in detail the FSAR requirements to which all safety-related pipe supports
will eventually pe upgraded.

Additiona’ criteria were developed to establish priorities for implementetion
of pipe suppo-t modifications identified by this re.iew program. These restart
criteria are presented in criteria document CEB-CI-21.89 (see TVA letters of
August 31 and November 17, 1987(a)). Al) supports must satisfy this restart
criter.y before restart of Sequoyah, the present schedule for compliance to the
Tong-term criteria is the end of cycle 4 for Unit 2 (see October 6, 1987
submittal).

Some problems were found in other civil engineering areas as well, these are
noted in the inspection reports on the calculation program and will be addressed
Dy the staff at a later date. Furthermore, findings that have resulted from

the staff's integrated design inspection (IDI) are still being reviewed by TVA.
The staff will provide the results of its evaluation of all civil engineering
issue in a supplement to this safety evaluation report.

2.3.3 Electrical) Calculations
2.3.3.1 Introduction

As a result of deficiencies first identified to TVA hy the Institute of Nuclear
Power Operations (INPO) after its audit on the Bellefonte and Watts Bar nuclear
plants and later confirmed by TVA during the Bellefonte electrica) evaluation
and quality assurance audit, the staff was concerned about the adequacy of the
electrical system design at Sequoyah. Because of this concern, TVA reviewed
the design calculations at Sequoyah and found the deficiencies listed below.
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(1) The minimum set of electrical calculations required to support the
Sequoyah plant design was not available.

(2) Procedures controlling design changes were not fully adhered to.
(3) Existing caiculations were not considered when design changes were maide.

(4) Existing calculations that did not require change were not formalls
documerited. 2

TVA believes that the majority of ca'culations required for the desiyn were
prepared informally during the design period. As a result, calculations were
not officially documented or controlled, and those that were dor.umented were
not kept up to date.

Because of these deficiencies, TVA reviewed all the existing electrica)
calculations. TVA then estatlished an electrica) calculations program to
ensure that the Sequoyah elect:ical System design meets all requirements for
safe startup and operation anc to document the adequacy of that design. This
program requires necessary electric.l calculations to be performed and design
control procedures and a design change review program to be establishec.
Moreover, TVA contracted with the Sargen. & Lundy Companv (S&L) to perform an
independent assessment of its electrica) calculations program. This assessment
was to provide additiona)l assurance that all the electrical calculetions
necessary to support plant restart have been identified and are existing,
current, retrievable, and technically correct. S&L also will identify for TVA

any additional electrical calculations necessary to fully document the design
basis of the plant.

TVA has identified a minisum set of electrical calculations that need to be in
place and up to date to support Sequoyah restart. This minimum set of
electrical systey calculations are listeg below.

(1) Auxiliary Power System (APS)

- 10ad analysis

v voltage calculations

. Class 1E motor control center (MCC) contro) circuit cable length
calculation

. diesel generator load analysis

(2) Contro) Power System
Y 12§'vo7t de vita) instrument power system voltage calculaztions
120-volt ac vita) Instrument power system voltage calculations

(3) Instrumentation and Control Systems (1&CS)

. instrumentation accuracy calculations including seismic effects
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(4) Raceway Systems

. justification for use of TVA's ampacity tables and justification for
TVA's ampacity tables as specifically applied to control level cable
trays, grouped conduits, conduits with more than three cables and
duct banks

During January 14 through 16, 1986, the staff visited the Sequoyah site to re-
view a draft scope of the electrical system calculations and evaluate whether
the scope included all pertinent orsite power system calculations necessary to
support restart. The staff also assessed the adequacy of calculations with re-
gard to approach, level of deta’l, and documentation. Each TVA system reviewer
responsible for a jarticular analysis was present during the visit to explain
the assumptions, methodology, and sources of data. The staff was provided vith
samples of the calculations ano the dJocumentation so that it could evaluate the
calculations.

Subsequently, on Felruary 27, 1986, TVA submitted a report entitled "Electrica)
Calculations Program for Sequoyah Nuclear Plant.” This report provided a brief
discussion of the Sequoyah electrical calculations program and presented the
analyses for the systems listed above. Moreover, the report addressed the
problems TVA has found with these systems. These findings are documented in
the following significant condition repor®s (SCRs) that had been initiated to
complete the required corrective actions:

SCR SQNEEE 8607 - APS/voltage calculatinns

CR SQNEEB 86.9/8646 - APS/diesel generitor load analysis

SCR SQNEEB 8605 - control power system/dc voltage calculations
SCk SQNEEB 8632 - control power system/ac voltage calculations

TVA stated that additional information would be forthcoming to discuss the cor-
rective actions taken for each SCR. This information was submitted on August 1,
1986(a), when TVA provided its review of all the SCRs and a description of cor-
rective actions to be taken. An assessment by S&L of the Sequoyah electrica)
calculations program also was included. On the basis of its review, TVA ack-
nowledged that revisions to the electrical calculations and related formal
documentation for the APS, 1&CS, and raceway systems would be necessary before
restart.

As noted in a June 12, 1987 submittal, TVA is continuing to verify previously
unverified asssumptions, delete nonconservative design cable lengths, and cor-
rect deficiencies identified by DBVP and the as-constructed drawings review.
Any new issues resulting from this effort will be addressed in a supplement to
this safety evaluation.

2.3.3.2 Evaluation

The staff reviewed the analysis of each system to determine if it was complete
relative to the stated purpose, if the assumptions were appropriate, if the
applied methodology was correct, and if the results were reasonable to ensure
the adequacy of electrical calculations and documentation. The staff'ec in-
dividual evaluations of essential calculations are discussed below. The staff
also audited other calculations including lighting systems and grounding.

TVA SER Vol. 2, Part 1 2-15 Revised Preliminary Report



2.3.3.2.1 Auxiliary Power System
This issue.will be addressed in a supplement to this SER.
2.3.3.2.2 Control Power System

(1) 125-Volt DC Vita) Instrument Power System Voltage Calculations

TVA performed the 125-volt dc vital contro) power system study to determine if
there is adequate voltage availavcle at the terminals of the selected components
to continue proper operation during a loss of ac power. TVA performed voltage
calculations for a representative sample of typical circuit types and cate-
gories because there are 600 safety-related circuits. TVA selected 35 circuits
and classified them into the six categories listed below.

) 6.9-kilovelt shutdown board contro) circuits

) 480-volt shutdown board control circuits

) fuse column circuits (primarily solenoid valve circuits)
) auxiliary relay rack circuits

) reactor trip switchgear breaker :ontrol circuits

) 120-volt ac vital inverter feeder circuits

N N N~
“avan ow

TVA analyzed the sample circuits by calculating the voitage available at the
terminais of the loads and comparing this voltage with the manufacturer's
minimum voltage rating. If a problem was identified in any of the categories,
all the circuits in that category were evaluated. The staff finds this
acceptable since the representative sample chosen was based on a worst-case
approach.

To calculate the maximum voltage drop, a cable length of either the construc-
tion pull length or design length plus 30 percent was used with the cable
temperature at S0°C. For categories ¢, d, e, and f above, the vita) battery
2=hour discharge minimum terminal voltage of 105 volts dc was used. However,
for categories a and b, the calculations were performed with a battery voltage
of 120 volts dc. TVA based this assumption on Sequoyah's design criteria which
states that the voltage shall be 120 volts dc. Because of the automatic under-
voltage load shedding feature, the critical operational period for the
6.9-kilovolt and 480-volt shutdown boards is immediately upon loss of ac power,
i.e., battery voltage of 120 volts dc. The staff concurs with TVA's assumption
since these mandatory loads will occur during the initial discharge phase of
the battery duty cycle and each operation lasts only a fraction of a second.

In addition, the battery is not expected to be discharged to a level of 105
volts dc since the diese! generators are designed to supply power to the
chargers within a few minutes of loss of offsite power,

In its February 10, 1986 calculatien (SCR SQNEEB 8605), TVA identified inade-
quate minimum dc input voltage to the 120-volt ac vital inverters on Unit 1 per
the manufacturer's specification. The original vendor minimum input voltage
specified for these inverters was 105 volts dc. Subsequently, the inverter
vendor has performed a recertification test for the same type of inverter at
TVA's Watts Bar and confirmed that the Sequoyah Unit 1 inverter will also
operate properly at a 100-volt dc minimum, thus eliminating the concern. Two
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other problems surfaced as well: (1) inadequate dc input voltage for 24 sole-
noid valves associated with the steam dump system during a minimum vital dc
system voltage condition (105 volts dc), and (2) excessive voltage drop (based
on original manufacturer's data) for two flow-modulated solenoid valves between
the modulator (valve controller) and the valve during any dc system voltage.

As noted in a letter dated August 1, 1986(a), TVA stated that (1) the operation
of these 24 valves is not required for safe shutdown, and (2) a further review
by the manufacturer has found that adequate voltage is available for the
flow-modulated solenoid valves.

On the basis of its review of the 125-volt dc voltage calculation along with
the additional clarification, the staff finds that adequate voltage is avail-
able for proper operation during a loss of ac power and no further corrective
action by TVA is required.

(2) 120-Volt AC Vital Instrument Power System Voltage Calculations

The purpose of the 120-volt ac vital contro)l power system study was to deter-
mine if the safety-related 120-volt ac loads powered from the 120-volt ac vita)
instrument power boards have adequate voltage for proper operation. TVA
reviewea all safety-related loads for Units 1 and 2 and identified a total of
166 such safety-related circuits. These circuits were classified intoe four
groups (i.e., relay, valve, monitoring, and instrumertatiocn and control cir-
cuits) according to the type of load served. The voltage calculations were
performed on a representative sample of each group (at least 10 percent). If
the evaluation identified no failures in a group, a high degree of confidence
w3s achieved and no further evaluation was performed. If a failure was iden-
tified, then the voltage calculation for every circuit in the group was
performed.

The inverter (power source) is assumed (worst case) to be operating at ful)
load with a maximum output (125 amp) and minimum output voltage of 117.6 volts
(120 volts minus 2 percent) with a phase angle ot 41 degrees. The voltage
available at the terminals of each component supplied by the inverter was
calculated and its adequacy determined by comparing with the manufacturer's
minimum voltage rating. The cable lengths of either the construction pull
length or the design length plus 30 percent were used with the cable tempera-
ture at S0°C. In those cases where a component could be energized by an
alternate path, the path that produced the largest voltage drop was used in
the calculation,

A preliminary TVA study (Revision 0) dated December 27, 1985, showed that eight
circuits from three groups (i.e., valves, moniters, and instrumentation and
control) have excessive voltage drop. These circuits were identified for cor-
rective action, and further voltage drop analyses were performed on all the
circuits in those groups. A new analysis dated January 30, 1986, identified a
total of 12 circuits with excessive voltage drops that were documented for
corrective action under SCR SQNEBB 8532.

The staff concurs that the use of such a sampling technique can be justified
in determining the adequacy where a large number of circuits are involved.
Further, this type of categorization sampling technique can be a useful too)
to idertify anc localize problem areas in circuit design; therefore, the staff
finds this technique acceptable.
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TVA found that the above 12 circuits were divided into three groups: (1)
radiation rate meters within the monitoring group, (2) post-accident sampling
in the valve group, and (3) reactor vessel level instrumentation in the
instrumentation and contro) group. TVA stated that corrections for these
deficiencies would involve pulling larger size cable to reduce cable impedance
and paralleling supply cabies to reduce the current through various portions of
the affected circuits. These corrective actions will be completed before
restart of Sequoyah,

On the basis.of its review of the 120-volt ac calculations and TVA's proposed
corrective actions for resolving the identified deficiencies, the staff
concludes that the safety-related 120-volt ac loads powered from the 120-volt
ac vital instrument power boards wi:)l have adequate voltage for safe operation.

2.3.3.2.3 Instrumentation and Contro) Systems Instrumentation Accuracy
Calculations

The NRC staff and its consultant, Science Applications International, reviewed
a sample of 15 TVA instrumentation and contro) calculations for the Sequoyah
Plant for technical accuracy. Guidance to prepare instrument set point cal-
culations and to maintain set point accuracy that is needed to fulfill the
design basis requirements of IEEE Standard 279-1971 is provided by IEEE Stand-
ard €03-1980, RG 1 10% Standard 279-1971 is provided by IEEE Standard 603-1980,
RG 1.10%, and Instrument Society of America (ISA) Standard $67.04-1982.

The scope of the review calculations was generally limited to determining the
expected accuracy of a safety-related set point as a result of the effect of
narsh environment conditions imposed on individual instrument loop components.
The reviewed sample did not inc)ude each type of calculation ordinarily pre-
pared by an instrumentation and control design group. Specifically, the
reviewed caiculations di¢ not establish an actua) set point value for the
instrument channel, nor gid they gererally address the set point accuracy of
safety-related instrument loops subject only to a mild environment condition.

Instrument set points are estab)ished by the mechanical/nuclear claculations.
The NRC staff accepts TVA's assertion that accuracy for instruments that do

NCt see any harsh environment has been demonst: ated by the operation experience
of Sequoyah.

The reviewed calculations generally addressed the worst-case predicted accuracy
or variability of an established safety-related process set point. The ob-
jective of a set point accuracy calculation was to determine the statistical
allowance of an instrument channel. The expected performance of an instrument
channel could then be assessed for conformance with process set point limits.

The methodology employed in the determination of the instrumemt channel statis-
tical allowance with the square root of the sum of squares (SRSS) of individua)
effects such as those lisied below.

g environmental allowance

process measurement accuracy
primary sensor element accuracy
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sensor calibration accuracy

sensor measurement and test equipment accuracy
sensor, drift

sensor temperature effect

sensor pressure effect

rack calibration accuracy

rack measurement and test equipment accuracy
rack comparator setting accuracy

rack drift

rack temperature effect

O 0O 00O 0O 0O O O O

Several special cases of calculations involving analog control loop stability,
instrument process line response time, and effects of radiation exposure were
provided in the reviewed sample. The following calculations were reviewed:

(1) pre-operational tests in lieu of calculations for control loops (auxiliary
feedwater stability calculation) (RIMS B43 86 09015 925 RO)

(2) instrument accuracy calculation 1-PT-68-69 (RIM B43 860809 901 R2)

(3) instrument accuracy calculation for 1-TE-68-1, -18, -24, -41, -60 and -83
(RIMS B43 860805 913 R3)

(4) response time of sensing lines (RIMS B43 861106 904 R1)

(5) set point scaling calculation for PDT-65-80, 82, =90, and -397 (RIMS B43
850830 POT-65-80, ~82, -90 and =97 903 RO)

(6) solenoid valve air suppression networks located in harsh environment
(RIMS B43 860619 901 R1)

(7) aemonstrated loop accuracy for high-range radiation monitor (RIMS B43
860624 914 R2)

(8) HVAC instrument accuracy evaluation (RIMS B43 860829 917 RO)

(8) wuemonstrated accuracy calculation for 0-LDT-67-470, =477, -482, and -487
(RIMS B43 860915 910 RO)

(10) demonstrated accuracy calculations for 1-PS-3-139A, =B, and =D and 1-PS-3,
144A, -B, and -D (RIMS B43 860915 912 RO)

(11) verification of retrievability for isokinetic equipment calculations
(RIMS B43 860826 902 RO)

(12) control valve sizing retrievability review (RIMS B43 860917 912 RO)
(13) safety-relatec flow elements locations (RIMS B43 860315 917 RO)

(14) demonstrated accuracy calculation for 1-PS-3-148, -156, -164, and -171
(RIMS B43 860915 916 RO)

(15) filter design for PT-30-310 and =311 (RIMS B43 861022 901 RO)
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The staff reviewed these calculations and requested auditiona) information for
calculations 1, 5, 6, and 8. OQther calculations were either fully acceptable

Or were acceptable with minor comments. The staff met with TVA on August 19,

and November 30 through December 2, 1987, to resolve staff concerns.

During these meetings, TVA presented revised calculations for items 1, 6, and
8. Calculation 5 was replaced by another calculation (RIMS B43 860917 919).
The revised and new calculations for items 1 and 5 are acceptable to the staff.
The revised calculations for items 6 and 8 are discusset below.

Item 6 - ARC Suppression Network

This calculation did not properly address the seismic integrity of the majority
of arc suppression networks. Hence, the staff concluded that the arc suppres-
sion network could fai) during a seismic event. The TVA assumption that these
devices are needed for only one cycle and therefore need not be seismically
qualified is indefensible. TVA acknowledged the seismic integrity issue in

the meeting and stated that the seismic qualification of these arc suppression
diodes will be resolved and the arc suppression networks will be seismically
Gualified. NRC staff considers this resolution to be acceptable subject to a
confirmatory response by TVA,

Item 8 - HVAC Instrumentation Accuracy Calculation

TVA does not have any documentation to confirm the seismic qualification of the
HVAC instrumentation. TVA has taken the approach that, after a seismic event,
the plant will perform a Physical walkdown to ensure that instrumentation is
operable. TVA aid not provige any procedures for ensuring instrument opera-
bility after a seismic event and did not establish acceptance criteria for
determining what constitutes instrument degradation.

TVA alsc indicated that some Instruments are requirec to have 5 percent
accuracy, but it was unable to provide a calculation for the instrument set
point and process safety 1imit values. The staff pointed out that HVAC set
points (RIMS B44 871015 008) had recently been est..)ished at 90 percent of
full range and that this may be inconsistent with 15 percent accuracy limits.

TVA has acknowledged the NRC concerns and stated that it will revise the
calculation and address the seismic threshold limits, specify the HVAC equip-
ment to be inspected after a seismic event, provide an inspection procedure,
and clarify the calculation accordingly. NRC staff considers this solution to
be acceptable subject to a confirmatory response by TVA.

On the basis of its review, the staff finds the TVA instrument accuracy
calculations to be satisfactory. However, TVA should document the proposed
resolution to staff concerns on calculations in items 6 and 8 in a confir-
matory letter before restart.

2.3.3.2.4 Raceway Systems
The staff evaluated TvA's Justification for using its ampacity tables and the

Justification of these table, as applied to contro) leve! cable trays, grouped
conduits, and conguits with more than three cables and duct banks.
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INPO performed an audit in 1386 on the Bellefonte plant that revealed inadequa-
cles in TVA's electrical design standards DS-E12.1.1 through DS-E12.1.4. These
standards have been used to size all the insulated power cable ampacities
(auxiliary and control) throughout TVA's nuclear plants. This finding, later
confirmed by TVA's Bellefonte electrical evaluation team, was identified as a
generic problem. By a report dated February 27, 1986, TVA described an analy-
sis it has performed to demonstrate the adequacy of design standards D$-£12.1.1
through 0$-£12.1.4. After reviewing both the standards_and the supporting
calculations,, TVA concluded that the standards were incomplete and lacked the
definition and information required for proper application. These Jeficiencies
in design standards were identified in TVA Problem Identification Report (PIR)
GENEEBB60S.

By letter dated December 23, 1986, TVA informed the staff that design standards
05-12.1.1 through DS-£12.1.4 were superseded and that the new electrical design
standard, DS-£12.6.3, "Ampacity Tables for Auxiliary and Control Power Cables
(0-15,000 volts)," corrected al) the inadequacies. The new standard also ad-
dresses ampacities for cable in conduit, cable tray, and duct bank as well as
gerating factors for cable coatings; 10 CFR 50, Appendix R, fire wraos; cable
tray covers; and cable tray bottoms. TVA's submittal also presented the
following information regarding the standard.

F Electrical Design Standard DS-E12.6.3 for sizing cables with regard to
ampacity was developed in accordance with recognized industry standards on
ampacity, 1.e., Insulated Power Cable Engineers Association (IPCER)
P-46-426, Nationa) Electrical Code (NEC) Article 310 (1987), IPCEA
P-54-440, anc Institute of Electrical and Electronics Engineers (IEEE) 70
Tp 557 PwR.

o

The cable ampacity derating factors for fire protective cable coatings,
tray covers and/or bottoms, and Appendix R fire wraps are based on test
reports from the manufacturers of the coating and wrapping material.

The standard was developed utilizing TVA and Stone & Webster Engineering
Corporation expertise.

The standard was reviewed and found acceptable by Bechte) Power
Corporation

= The methodology has been reviewed against and found to be consistent with
the standards of Sargent & Lundy and Gilbert Commonwealth.

Rather than examine each electrical cable to determine its adequacy with
respect to ampacity ratings established under 0S-E12.6.3, TVA developed a
sampling program. All the cables were divided into nine inspection lots
according to their cperating voltages, cable routings, covers, and wrappings.
Each cable was counted once and included in the inspection lot reflecting the
most limiting raceway configuration for ampacity in which it is routed. The
nine inspection lots are listed below.

(1) V3-level cables routed in tray

(&) V3-level cables routed in conduit without Appendix R fire wrap
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(3) V3-leve)l cables routed in conduit with Appendix R fire wrap

(4) V4-leve) cables routed in tray without tray covers, bottoms or Appendix R
fire wrap

(5) Vé4-level cables routed in tray with tray covers, and/or bottoms, and/or
Appendix R fire wrap

(6) V5-level cablas routed in tray without tray covers, bottoms, or Appendix R
fire wrap

(7) VS-level cables routed in tray with tray covers, and/or bottoms, and/or
Appendix R fire wrap

~
oo
~

V4- ana VS-leve) cables routed in conduit without Appendix R fire wrap

~
A¥ e

) V&= and V5-level cables routed in conduit with Appendix R fire wrap

The definitions of the three voltage ievels are given below.
V3 = auxiliary and contro) ac and dc power cables operating at a voltage
of up to 277 volts and a current of less than 30 amperes

V4 = auxiliary ac and dc power cables operating at a voltage up to

600 volts (This includes cables of 277 volts or less with a rated load
current of 30 amperes or greater.)

S = medium voltage duxiliary power cables with a nomina) rates voltage of
, 8, or 15 kilovolts

O <«

TVA established a separate engineering group to identify all the cables in each
respective lot. This group reviewed all the cable trays and conduit drawings
(as=built) to verify tte existence and location of tray covers and/or bottoms,
and Appendix R fire wraps. This survey was performed under "Walkdown Proce-
dures for Ampacity (SMI-0-317-41)." Once all the cables in each lot were iden-
tifiea, the group determined a sample size for each lot by using the Military
Standard 1050 datecd April 29, 1963, "Sampling Procedures and Tables for Inspec-
tion by Attributes.” Among the chosen samples, the group determined the
allowed ampacity of each cable by applying the derating and correction factors
specified in DS-£12.6.3. The group evaluated the adequacy (pass/fail) of the
cable ampacity by comparing the allowed ampacity and the actual ampacity, which
s based on the full load current multiplied by appropriate factors according
to load types (i.e., motor, transformers, heater). If the total number of
defective cables found in each sample was less than the maximum (4 percent)
specified by the military standard, the group considered the lot adequate. The
failed cables were documented in a significant condition report (SCR) for cor-
rective actions.

TVA submitted the following results of the sampling program on February 27,
1887(¢).
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(1) V3 voltage leve!

Although this voltage level is restricted to control cables operating at a
voltage up to 277 volts and a current of less than 30 amps, the great
majority of cables in the V3 level carry low-leve) and/or intermittent
signals for which the ampacity rating of the cable is of no concern. TVA
provided justification and documentation (including supporting calcula-
tions) for excluding this group of cables (control function cables) from
this program. Thus, TVA separated those V3 voltagé leve) cables that
require consideration as possibly being auxiliary "control power cables"
(Inspecticn Lots 1-3) from those "control function cables" used for
controlling the operating status of equipment. The sampling program was
used to establish the extent of inclusion of control power cables in Lots
1-3 and the adequacy of their ampacity rating. These results are given

below.
No. of
MS per No. of Contro!
Total 105D Cables Power
No. of Sample Sampled/ Cables No.
Lot No Cables Size Analyzed Found Passed
1 5819 50 376 1 1
2 3331 52 £93 4 4
3 -3 _3 3 0 0
Totals: 9253 105 107¢ 5 5

TVA samplea 1069 cables out of the 9250 cables for Lots 1 and 2. Analysis
of the 10639 selected cables from these two lots showed only 5 cables that
carried sufficient curreni to be considered as potentially having an
ampacity problem. However, these five cables were found to be adequately
s1zed n accordance with DS-£12.6.3. None of the three cables in Lot 3
carried sufficient current to be considered a problem. TVA found that the
number of cables routed in V3-level raceways carrying other than very low
anc intermittent currents was substantially less than previously antici-
patec. Since all those control power cables analy.ed presented no problem
and since there were not enough sample cables carrying high currents in
this voltage category, as required by the military standard, TVA perf.rmed
no further evaluation.

(2) V4 and V5 voltage levels

The V4- ang V5-level cables had a greater tendency to have 2 problem with
ampacity because of the higher current levels and the practice of provid-
ing less conservatism in sizing high-power cables. TVA found that too
many cables in Lots 4 through 9 did not pass the acceptance criteria
(failed); therefore, all the power cables (100 percent) had to be in-
spected. TVA identified 457 cable failures. The results of this

100 percent inspection are provided below.
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Total

No. of No. No. Nc. to be
. Lot No. Cables Passed Failed Replaced
4 407 269 138 12
5 568 277 291 103
6 29 2l 8 0
7 47 47 0, 0
8 384 366 18 8
g o a9 " o
Totals: 1446 989 457 125

TVA

used the criteria listed below to evaluate each failed cable.

(1) Tray covers and bottoms that were not required for personnel or cable
protection or to meet licensing commitments were removed.

(2) The allowable cable ampacity was recalculated on the basis of existing

tray fill,
(3) The actual load current was determined on the basis of existing connected
loads

(4) The load type multipliers were modified to reduce the ampacity margin by
removing excessive conservatism.

wWith this approach, TVA found that 332 of the 457 ¢
allowable ampacity and “herefore acceptable,
before restart.

diled cables were within
The cther 125 wil) be rep aced

TVA's revised DS-£12.6.3 is based on industry standards and provides various
derating factors that are applicable to the specific installed cable

configurations. The staff fings 05-E12.6.3 acceptable for use in resolving the
TVA ampacity problem at the Sequoyah units,

The staff fings that Military Standard 1050 is not sufficiently well defined to
obtain a 95/95 assurance leve) (i.e., giving 95 percent assurance that at least
95 percent of the population is acceptable). The staff believes that the proper
sample size should have been determined by using the hypergeometric distribu-
tion function, which provides larger samples than the military standard. How-
ever, as discussed below, the actua) sample size taken in the field exceeds the

reguirements of either the Military Standard or the hypergeometric distribu-
tion. Thus, this issue is moot.

However, for the v3 voltage level (Lots 1-3), TVA sampled a far greater rumber
of cables than required by either approach. Since only five control power
cables were found through an inspection of 12 percent of the V3 voltage cables
and since these five cables were within the allowed ampacity, the staff finds

that the sample size for the V32 leve) is acceptable and that these cables do
not corstitute a probiem area.
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Through a similar sampling process for the V4 and V5 voltage levels (Lots 4-9),
TVA found a sufficient number of ampacity table deficiencies to warrant
analyzing all the power cables in these voltage levels. As a result of this
100-percent inspection, 125 cables will be replaced before restart of Unit 2.
Furthermore, TVA informed the staff that 108 new cables currently are being
repulled while the others are being de-energized and/or removed because they
are not being used to support operation of Unit 2. This will provide a 100/100
assurance level for the V4 and V5 cables.

Based on its review of the TVA submittal and the resolution of identified de-
ficiencies in PIR GENEEBBEOS, the staff finds that the problem areas have been
adequately identified and that the proposed corrective actions are acceptable.
However, the above acceptability was contingent upon resolution of two unveri-
fied assumptions. These are the accuracy of (1) the cable schedule data base
and (2) the installed thickness of fire protective cable coating. The staff
verified the accuracy of the cable schedule data base through inspections con-
ductea during the DBVP inspection and ID] programs. The installed thickness
question is an unverified assumption that TVA has comaiited to resolve before
restart

2.3.3.2.5 Short-Circuit Study - Medium Voltage System

To be included in a supplerient to the SER.

2.3.3.3 Conclusions

The staff will report its overall conclusions regarding electrical calculations
in a supplement to this SER.

2.3.4 Branch Technica) Position PSB-1
This issue wil) be addressed in a supplement to this SER.

2.4 Alternately Analyzed Piping and Supports

2.4.1 Introduction

SNPP Section I11.5 describes a TVA program to verify the adequacy of piping and
pipe supports that had been installed and qualified by alternate enalysis (AA)
criteria. TVA's AA criteria use general criteria and guidelines to locate
supports in lieu of rigorous piping analysis. The AA criteria were generally
used for nuclear safety class piping systems that are 4 inches in diameter and
smaller, with some exceptions as discussed in the SNPP. Nuclear safety class
piping is defined in Section 3.2 of the Sequoyah FSAR. AA criteria also were
used for the design of some piping that is not nuclear safety class, such as
piping Category I(L) systems, which are designed for seismic loads to prevent
unacceptable interactions with safety class structures and components. The
2-inch and smaller AA piping was generally qualified and supported by the field
organization using a series of typical support drawings. The larger AA piping
sizes had uniquely engineered pipe support designs.
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TVA initiated the AA program to address several deficiencies identified with
the AA piping designs and the AA design documentation. As a result of these
deficiencies, TVA issued nonconformance reports and significant condition
reports reiated to the implementation of the AA criteria.  In addition, the TVA
Employee Concerns Program had raised a concern with TVA's resolution of all AA
discrepancies in the nonconformance reports. The Employee Concerns on AA
piping will be addressed in a separate staff evaluation.

TVA contracted Earthquake Engineering Inc. (EQF) to evaluate category I(L) AA
piping systems. EQE conducted walkdowns of category I(L) piping systems and
reviewed a sample of the interfaces between category I(L) piping and deadweight
supported piping. EQE compared the Sequoyah piping configurations with the EQE
earthquake data base; piping and supports not covered by their data base were
evaluated.

TVA 15 conducting a two-phase program to resclve the concerns on the Category 1
(safety class) AA piping systems. Each phase of the program is discussed
below.

2.4.2 Evaluation

Phase | Scope

TVA provided a description of the Phase 1 program activities in Section
I11.5.2.1 of the SNPP. The restart program implementation was controlled by
nine program procedures, SQN-AA-001 through SQN-AA-009. The staff audited the
Phase 1 program during the week of October 6, 1986. The audit team consisted
of staff members and consultants from Brookhaven Nationa) Laboratory. The
audit focused on the restart program sccue, interim acceptance criteria, and
program impliementation.

The scope of the Phase I program includes those systems required to mitigate
events addressed in FSAR Chapter 15 and safely shut down the plant. These
systems include the majority of the safety-related systems in the plant. This
scope is consistent with the scope of Phase I of tne Design Baseline Verifica-
tion Program. The Phase I review effort involved screening of AA piping
systems for specific deficiencies that had been identified in TVA's AA program
as discussed earlier.

The Phase | scope included the areas of concern iisted below:
o consideration of the effects of anchor movements at the interface of
large, rigorously analyzed piping systems - The effects of large,
rigorously analyzed piping system deflections at the attachment point to
AA piping systems had not been adequately evaluated in all areas. These
deflections could result in excessive stress in the AA piping and
excessive loads on the supports.

consideration of the torsional effects of large, motor-operated and
pneumatically operated valves in small diameter piping = The torsiona)
loads that would result during a seismic response of the valve operators,
had not been adequately evaluated in al) cases. These torsiona) loads
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(1)

(2)

TVA was unable to provide the basis for the deflection criteria that
ensure that pipe supports are rigid. In a letter dated January 28, 1987,
TVA stated it will perform an evaluation during the long-term program to
Justify the adequacy of the criteria. This was acceptable to the staff,

~
The staff field incpection identified Toose washers in unistrut clamp
supports. TVA provided information on a current bolt-tightening program
that will correct the problem. This issue will be addressed before
restart in a separate staff evaluation on unistrut support design

Following a July 18, 1986 meeting with the NRC, TVA, by letter dated August 18,
1986, defined a set of interim acceptance criteria for evaluating piping and
pipe supports in the restart program. The criteria were developed so that the
restart program could be performed in a timely manner, with minimum support
modifications. The criteria are not in accordance with FSAR commitments or
with current code reguirements: they are, however, intended to provide
increased confidence that the piping/support systems, required for Chapter 15
accicent mitigation and safe shutdown are adequate for short-term operation.

TVA
ori

Novembe

rrovided additional information and subsequently eliminated some of the

'ally proposed interim criteria in submittals dated September 4, and

r 10

10, 1986, and August 17, 1987. TVA stated that piping and supports

that meet the interim criteria, but not the long-term criteria, will not be
modified before restart but will be re-evaluated and, if needed, modified
during the long-term program.

TVA originally defined the proposed interim criteria in terms of exceptions to
FSAR commitments These exceptions and the staff's evaluations of them are

listed be ow

(1)

(2)

Piping Criteria Exception: Secondary stresses resulting from seismic
anchur movements (SAM) and thermal plus therma) anchor movements (TAM)
wi1] be evaluated for piping systems greater than 200°F. For piping
systems 200°F or less, secondary stresses resulting from SAM plus TAM wil)
be evaluatea.

Evaluation: Consistent with the Phase 1 scope, thermal expansion stresses
were generated for piping systems with maximum temperatures exceeding

200°F

For piping systems 200°F or less, thermal expansion stresses were

not calculated. The smal) thermal defiecticns for piping systems 200°F or
less are a concern when a large number of thermal stress cytles are
anticipated. The staff concludes that the exception does not represent a
significant risk to plant safety based on the limited number of therma)
cycles anticipated for interim operation; therefore, this is acceptable.

Pipe Support Criteria Exceptions:

Exception 1. 0Only safe-shutdown earthquake (S5SE) seismic loads will be
evaluated; operating-basis earthquake (OBE) loads will not.

Evaluation: The staff concludes that this exception is acceptable for
interim operation because CBE )oads are, by definition, smaller than SSE

loads.

Therefore, a demonstration that the plant can be safely shut down

for an SSE ensures that it can be safely shut down for an OBE.
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Exception 2: The effects of friction loads resulting from therma) growth
need not be considered in the re-evaluation of existing supports

Evaluation: The staff concludes that this exception is acceptable for
interim operation because friction loads are not expected to be signifi-
cant. TVA had performed a study for the Watts Bar plant pipe supports
that demonstrated that friction loads do not generally govern the design
of supports. In a letter dated January 28, 1987, TVA committed to perform
a similar study for Sequoyah as part of the long-term program.

Exception 3: The allowable loads for expansion anchor bolts will be based
on a minimum safety factor of 2.5 for wedge bolts and 2.8 for self-drilling
anchors.

Evaluation: These allowables are consistent with the plant's original
design basis. In the long-term program, TVA will ensure that If Bulletin
79-02 safety factors (that is, 4 and 5 for wedge bolts and self-drilling
anchers, respectively) are met. This is acceptable to the staff.

in addition to the proposed interim acceptance criteria, TVA has also proposed
criteria for support evaluations taken from Section 3.8.4 of the current NRC

tandarc Review Plan and from Subsection NF of Section 111 of the ASME Code.
These criteria are not in accordance with the Sequoyah FSAR; nonetheless, the
use of these criteria on an interim basis is acceptable to the staff. However,
the long-term program should use the criteria that meet the commitments in the
FSAR

Phase 1 Scope

TVA discussed the scope and activities of the Phase 11 effort in Section 5.2.2
of the SNPP.  Phase Il will evaluate the remaining Category I AA safety class
piping systems not required for restart for the areas of concern identified in
the Phase I program. Phase 1] also wil) address instrument lines and their
supports. The acceptance criteria for Phase Il will be TVA's established
design criteria for piping and supports. TVA presented the scope and the
schedule for Phase Il in a letter dated Apri) 8, 1987(a). 1In addition to the
deficiencies evaluated in the Phase | program, TVA also will address the areas
of concern listed below in the Phase 11 program.

" consideration of thermal flexibility analyses for piping systems with
operating temperatures between 120°F and 200°F

" consideration of the interface between AA piping and deadweight supported
piping for pipe sizes Tess than or equal to 2 inches in nominal diameter

» consideration of the effects of long piping runs and large concentrated
weights

The bases for resolving the additiona! deficiencies in the Phase 1] scope are
discussed below

The deflections resulting from thermal expansion are relatively small and would
not produce gross distortion or faiiure of piping systems with operating
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temperatures less than 200°F. Although the thermal deflections for these
systems would not be large, it is possible some of these systems could erceed
Code a1lowgb1e stress 1imits. If the Code allowable stresses were exceeded,
the main concern would be the potential for developing fatigue cracks after a
number of thermai stress cvcles. The staff agrees with TVA's conciusion that
for Tow temperature systems, the small possibility of suci fatigue cracking
does not represent a significant risk to plant safety for short-term operation.

The staff concludes that evaluation of the interface between AA piping and
deadweight-supported piping for pipe sizes less than or equal to 2 inches in
diameter need not be considered in the restart program. The weight of smal)
diameter piping is relatively small; consequently, any seismic loadings on this
piping would be relatively smal). Seismically designed valves and equipment
anad supports at the interface of seismic and deadweight-supported piping are
normally relatively stronger for small piping than for larger piping. It is
therefore unlikely that movement of the deadweight-supported piping would
result in their propagation of a pipe break into the seismic piping.

The staff concludes that evaluation of potentially inadequate supports for
1099 piping runs (in the axia) direction) and large concentrated weights need
not be considered in the restart program. TVA addressed the most significant
concentrated weights, anc motor-operated and pneumatically operated valves in
the restart program. Frictional effects from vertical and lateral supports
would reduce any theoretically calculated responses for long runs of piping.
Therefore, the staff agrees with TVA's evaluation that potential deficiencies
with long piping runs and other concentrated weights do not represent a
short-term safety concern.

2.4.3 Conclusions

The staff concludes that TVA has defined an adequate program for resolution of
short-term safety concerns required for plant restart. On the basis of its
audit of sample desig packages and a field inspection of sample Unit 2 piping
systems, the staff found that the program was adeyuately implemented. The
staff concludes that completion of the Phase 1 program for Units 1 and 2 will
provide confidence that sufficient safety margins exist--in the design of AA
pipIng/suppert systems required to mitigate FSAR Chapter 15 events and safely
shut down the plant-=to allow the plant to restart.

2.5 Cable Tray Supports

TVA's origina) design criteria for cable tray supports were developsd between
1372 and 1974. Although these design criteria included the effects of earth-
Quakes, they did not consider the effects of design-basis accidents (DBA).

In 1975, TVA revised the original design criteria to include the DBA loads, but
the original designs were never reviewed to ensure that they complied with the
revised criteria, This deficiency affected only the cable tray supports
attached to the steel containment vesse) (SCV), however, other deficiencies
found in 1984 and 1986 dictated a thorough review of the adequacy of all the
cable tray supports. Ouring that review, TVA discovered that the existing
cable tray supports could not satisfy the basic commitments made in the FSAR.
At a meeting on July 17 and 18, 1986, TVA proposed a set of interim acceptancoe
criteria for cable tray supports that were less stringent than those in the
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FSAR. As a part of its request, TVA also committed to restore the original
FSAR criteria for the affected cable tray supports in an orderly manner after
restart.

v

The staff evaluation consisted of (1) ensuring that the proposed interim
acceptance criteria were justifiable from the standpoint of safe operation c¢f
the plant and (2) confirming that the design calculations for cable tray
supports were, as a minimum, in conformance with the interim criteria. The
staff and its consultants (Brookhaven National Laboratéry) visited the plant
twice and met with TVA once July 21 through 24, 1986, and a more extensive
audit during September 29 through October 3, 1986. Specific requests for
additional information were developed as a result of these meetings.

TVA responded to the questions resulting from the July 21 through 24 meetings
in a letter dated August 18 1986. This report discusses the justification for
the interim acceptance criteria and how the criteria were to be implemented.

Ouring the audit of September 29 to October 3, 1986, the staff (1) evaluated
the cable tray support walkdowns performed by TVA by physical inspection of the
plant, (2) revicwed the cilculations performed by TVA to evaluate the adequacy
of cable tray si.port systems with respect to the interim acceptance criteria,
(3) reviewed additiona) data supporting the interim acceptance criteria, and
(4) evaluated a portion of the concrete strength test data.

2.5.1 Interim Acceptance Criteria
2.5.1.1 Evaluation

(1) DamEing

TVA proposed to use 7 perrent of critica) damping for the cable tray for the
safe-shutcown earthquate and design-basic accident (SSE/DBA) loading, as
compared with the 5 percent allowed in the FSAR. To support these criteria,
TVA contends

o Substantial cable tray test data demonstrate that the damping for cable
tray supports is considerably larger than 7 percent. The cable trays at
Sequoyah have the natura) frequencies and general characteristics of those
tested.

9 Another plant was allowed to use 15 percent damping for its cahble trays,
which are very similar to those at Sequoyah.

» NRC Regulatory Guide 1.61 allows 7 percent damping for bolted structures.
While some of the cable tray supports are welded, most of the mass is on
the trays, which are bolted to the supports,

A considerable amount of data indicates that damping in cable tray systems is
greater than 5 percent for SSE-type loadings. This occurs because of the
considerable damping in the cables themselves and in the cable connection to
the tray. During the walkdowns performed in the week of September 29, 1986
the staff verified that the Sequoyah cable trays and cable tray supporis are

TVA SER-Vol. 2, Part | 2-31 Revised Preliminary Report



generally similar to those tested and found acceptable in other nuclear power
plants. The staff believes that those cable tray tests (which indicate damping
values in the range of 10-20 percent) are applicable to Sequoyah. In addition,
TVA has performed calculations to determine the effect of this increase in
damping. The typical stress ratios (defined as actual stress/normal stress
allowable) are given below for cable tray supports in the auxiliary building.

Stress ratio

Support Memher 7% damping 5% damoing
Section=p Main member 1.397 1.397
Bracket 0.532 0.554
Joint 0.516 0.521
Anchorage 1.49 1.51
16 Main memher 1.038 1.045
Bracket 0.863 0.875
Joint 1.154 1.277
Anchorage 1.403 1.55
g Main merher 1.04 1.005
Bracket 0.555 0.558
Joint 0.55% 0.584
Anchorage 313 1.17

These stress ratios are less than the allowable ratio for the SSE loading
congition, which is 1.6. These figures indicate that the change in damping
from 5 percent to 7 percent has little effect on the stress ratios. Thus, for
restart purposes, the 7 percent damping proposed by TVA for DBA/SSE Toading is
acceptable to the staff.

(2) DBA/SSE Load Combination

In the FSAR, TVA committed to use the absolute sur combination of SSE and DBA
loading effects. TVA now proposes to use the square root of the sum of the
squares (SRSS) combination for the interim acceptance criteria. TVA contends
that the SSE and DBA loads are both low probability events and are unlikely to
occur together, therefore, use of the SSRS combination of their load effects is
appropriate.

TVA's proposed approach is reasonable because of the uncoupled nature of the
SSE and DBA loadings. Both loads are dynamic, and the absolute sum of their
effects would only occur if the SSE and DBA events occurred at the same time
and the peak response of the tray supports to both the SSE and the DBA events
coincided. The probability of such a coincidence is rather low. Thus, the
staff finds the SRSS method a reasonable load combination approach for plant
restart and it is acceptable.

(3) Elimination of 1/2 SSE Load Case

In the FSAR, TVA commits to considering the SSE and 1/2 SSE loads. TVA now
proposes to use tha SSE loading only for the interim acceptance criteria. TVA
argues that the 55E case is usually more severe and that the safe shutdown of
the plant is ensured if the SSE criterion is met.
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worst-case envelope of the supports within each group. The majority of the
supports (551) were enveloped by five typical designs. The remaining nine
unique supports were individually analyzed. A walkdown of the cable tray
Systems was performed to establish actua) tray loading. Measurements of the
cross section of cable trays were taken, and actual tray loadings were
calculated from the profile measurements.

The GTSTRUDL computer code was used to analyze the suppprts. The cable tray
and fts supports were modeled usino elastic beam elements. A typical mode!
included two; supports and one ~»% e tray span. The flexibility of the mode!
supoort points was modeled using spring constants determined by a finite ele-
ment analysis of the containment vessel and stiffeners. Cable mass and tripgy-
tary mass of the adjacent spans were included as lumped masses. fesponse
spectrum analysis was used to analyze the SSE and OBA events. The events were
analyzed separately using 10 percent peak frequency broadened, as required in
the FSAR, and 7 percent damped spectra. Moda) response combination was per-
formed by the SRSS method. The directional response combination for the DBA
event was implemented by absolute summation of the three directional responses.
For the SSE, the directional response combination was performed by taking the
absolute sum of the highest horizonta! response and the vertical response The
DBA response was combined with the SSE response by the SRSS method. Finally,
the response resulting from dead weight was combined absolutely with the com-
bined response of the SSE ang DBA. Resulting stresses were evaluated against

1

the criterion of 1.7 times the AlSC allowables.

The effects of containment vesse! expansion resulting from DBA thermal anc
prescure 1oading on the cadble tray supports were also evaluated using the
thermal lcaging capabilities of GTSTRUDL. The conta‘~ment expansion effects
resulting from pressure were converted to an eQuiva’'="t temperature gradient
and then added to the actua)l therma) gracient. The :5ta) temperature gradient
effects were app'ied to the cable trays supports to zetermine their stresses.

The largest reaction load from the cable tray support analysis was applied to
a containment vesse! mode) to determine stresses in the vessel wall and
stiffeners. Maximum stresses were evaluated against the applicable ASME Code

. {
41 10wl 'es

Supports that failed to meet the Interim acceptance criteria were analyzed
v$1ng the actual tray loading cetermined Oy the fielc walkaown, If the cri-
teria were met with the reduced weight the load rating of the tray was reduced
and controls were established to prevent additiona) weight Deyond the reduced

capacity.

TVA has completed the calculations for al) the supports attached to the con-
tainment. The results indicated a need to modify 3 existing supports and to
add 12 new supports. Al) mecified and new SUPpOrts were designed to meet
original cesign criteria requirements. Two of the modifications were required
L0 prevent overstressing the supports, and one modification was required to
prevent overstressing the containment stiffeners. Twelve additional supports
were required in areas where spar length exceeded the a'lowables.

The staff and consultants reviewed sample qualification caleylations and per-
formed a wa'kdown of the affected supports. The staff audit team also reviewed
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selected calculations covering the DBA response spectra generation, therma) and
pressure-induced displacements, stiffness of the steel containment vessel (SCv)
stiffeners at support attachment points, and effects of support loads on the
SCV wall and stiffeners. Based on the audit results, the staff concluded that
methods used in re-evaluating the SCV cable tray supports were adequate and
that the interim acceptance criteria were apprupriately imglemented to qualify
the supports for the plant restart.

(2) Cable Ttgifsuppo'ts on_the Reactor Building Shield Wall

Many cable trays located in the annulus between the SCV and the shield wall are
supported from the shield wall. In these cases, the base plate of the cable
tray support is bolted directly to the shield wall using wedge-type expansion
bolts. These supports consist of either cantilevered tube stee! configurations
or tube steel members mounted paralle)l and bolted directly, with little clear-
ance to the shield wall. Because the total annulus clearance is only 5 feet,
the maximum span length of the main member in the cantilevered configurations
is less than § feet. TVA determined that because the surface mounted tube
supports were mounted adjacent to the concrete their response amplifications to
seismic inputs would be negligible. Therefore, these surface-mounted supports
are cualified for the seismic response of the reactor shield building at their
points of attachment. (n the other haid, all cantilevered supports were
qualified either by individual analysis or by comparison to cable tray and
supperts enveloping configurations for which analyses were performed.

Although there are approximately 400 supports attached to the shield wall, they
are segregated into three generic and a number of special support configura-
tions representing the cantilevered and *he surface-mounted types. For the
three generic configuratiors, TVA selected a bounding or enveloping case to
evaluate their acceptability based on considerations of support location,
loacing and member span. Supports identified as MK Se, MK 1lc, and MK 18b

were the bounding cases because each was installed at a high elevation,

carried maximum loads (four trays), and exhibited maximum member spans. The
special configuration supports were each evaluated, because they exhibited
unigue configurations. The staff found the TVA selection and categorization of
the supports acceptadble

TVA performed a walk.wn of a1l shield wall-mounted supports. In the walkdown
for the generic ana special supports, the configurations were confirmed; the
dimensions of the base plate including any eccentricities of the tube attach-
ments and bolt holes and the proximity to other bolted stru.tures were noted,
the span Tengths and full profiles were recorded; anc the presence of therma)
insulation and multiple attachments were noted. For all other supports, a
visual check of all these attributes was made and any deviation was measured,
if appropriate, and recorded. The as-built information obtained in the walk-
down was used in the evaluations., Furthermore, all instances of tray overfill,
base plate bolt hole oversize or attachment eccentricities and bolt hole shear
cone interference were evaluated.

The staff performed a walkdown in the annulus area. Tube attachment eccen-
tricities and ground wire attachments were observed for supports Mk Sb and
Mk 15, respectively, but no real deficiencies were noted. The supports and
trays appeared adeguately constructed and firmly anchored.
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An audit of the calculations for the shield wall-mounted supports was con-
ducted. The calculations were retained in a single file identified by calcu-
lation no. CSG-86-009. In the file were copies of all the analyses performed
for these supports from April 1986 to the present. These included the latest
GTSTRUDL and BASEPLT 11 computer analyses for each generic support and
selected special supports, the numerica) development of bounding load cases,
the assessment of all anchor bolt shear cone interferences, and the evalua-
tions performed to bound the conditions of base plate eccentricity noted in
the walkdowns. In general, the calculations were compTete and understandable.
However, in those instances where revisions were made to earlier calculations,
the earlier calculations were not labeled “superseded,” making the audit
difficult. The audited calculations have demonstrated that each cable tray
support ittached to the shield wal)l had sufficient capacity to meet the in-
terim criteria for the SSE load condition.

(3) A)) Other Cable Tray Supports

There are 2900 cable tray supports in Category I structures (excluding the
steel containment building and the reactor building shield wall). Most of
these are in the auxiliary building (1700) and the control building (850)

The staff reviewed the selection of the worst-case supports in the auxiliar
building, documented in TVA calculation B25 860913 825. The selection proce.s
started with a review of the drawings that contained support details. After
considering factors including the number of cabie trays for each support, span
length, and floor elevation, 10 worst-case support configurations were identi-
fied. Each configuration may represent a group of specific supports with
different neometries or it May represent a unique situation. Ffor those con-
figurations that represent a group of supports, the following three criteria
were used to select the specific worst cases: (1) supports having largest span
1engths and largest weights, (2) maximum weight with the length selected for
the first mode period at peak response of the spectrum, and (2) maximum length
With weight selected for first mode period at peak response of the spectrum,
The TVA central technical group reviewed these cases and added five more cases.

The same selection process was applied to cable tray supports in the other

builaings. Thus, altogether, TVA considered 30 original worst-case supports
and S additiona) ones.

The staff fings that TVA has used good engineering judgment in ite selection of
the worst cases ang finds the approach used acceptatle for restart.

TVA performed walkdowns for each of the worst-case supports to evaluate

. weight in the trays (Profiles were measured for trays that were more than
75 percent full and weights calculated.)

v any additional attachment to the suppert (Sketches were made detailing the
attachment. )

- c?ses where the tray support is not mounted concentrically on the base
plate
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ot whether the support is fire protected

. any violation of TVA's Construction Specification G-2 (e.g., close spacing
of adjacent anchorages resulting in overlapping of shear cones or anchor

plates placed near an edge of a concrete member)
v other unusua: details

Reports on the results of the walkdown were prepared ahd signed by the preparer,
checkers, and a quality control staff member. The staff reviewed the results
during the September 29 audit and found them accurate with one omission. An
interference was noted for support Mark 31: a 6-inch conduit was close to a
bracket of this support, and seismic-induced motion could be expected to cause
the bracket to impact the conduit.

11 accessible supports in the reactor building (inside containment) also were
inspected. The inspection verified the TVA walkdown findings, which included
cases of supports not installed concentrically on base plates and cracked con-
Crete under base plates. These discrepancies are discussed in Section 2.5 1.6.
No additiona)l deviations were observed.

TVA prepared a GTSTRUDL mode] of each of the worst cace supports based on the
drawings and the results of the walkdown. The supports were modeled as beam
elements. The mass of the cable trays was lumped on the appropriate brackets
with the tray masses distributed equally to the adjacent supports. A response
spectrum analysis was performed using the 7 percent damped spectrum. The mode)
used for support marked “Section P-P" was reviewed during the staff audit and
found acceptable.

TVA's responses to several issues raised during the July 21-24 audit were
evaluated by the staff during the September 29 audit. These issues and their
resclutions are addressed below.

o A few locations were identified where the span of the trays was more than
€ feet. These conditions occurred where the trays are inclined at a
45-degree angle. The horizontal projection of the span is less than 8
feet, but the 1.clined span is greater. TVA has performed load tests (TVA
calculation B46 860311 003) to evaluate a cable tray in this configura-
tion. The tray was found to have n capacity o“ 140 pounds per foot, which
ingicates a safety factor of more than 3 over the full tray design loading
of 45 pounds per foot. This is acceptable.

. Several groups of cables cascade vertically from a conduit or from one
tray to another in the control building. TVA has performed tests at Wyle
Labs to demonstrate that the cascading cables can withstand SSE seismic-
induced loading. The tests have been evaluated by an independent TVA
consuitant. The TVA consultant has concluded that the cables are not
overstressed because they are not stressed beyond their tension capac-
ities. TVA has provided the staff with a copy of its evaluation of the
Wyle test results that confirms the fact that the cables are not over-
stressed. The staff reviewed this report and found it acceptable.
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With resolution of the confirmatory items (Section 2.5.;.6). the staff con-
cludes that the program conducted by TVA for qualification of these cable tray
brackets and supnorts was adequate and acceptable for restart,

2.5.1.3 Anchoring in Concrete

This discuseian applies to supports that are anchored in concrete by means of
base plates, anchor bolts, and embedded vlates. i
Several concerns relating to safety factors and methods of analysis were
identifiec at the July 21-24 meeting. These have been addressed by TVA and
were discussed during the September 29 audit. They are discussed below.

TVA proposed that self-drilling (SS0)- and wedge (WB)-type expansion bolts used
for base plate anchorages be aesigned for a safety factor of 2.0 under the load
combination of SSE plus DBA. The TVA staff indicated that this would be an
interim criterion. In the Phase II design qualification work, the minimum
safety factors for SSO and WB would be upgraded to 2.8 and 2.5, respectively.
In defense of this proposal, the TVA staff indicated that during the
implementation of IE Bulletin 79-02, the NRC staff had accepted a safety factor
of 2.0 for both types of expansion bolts on an interim basis. The same logic
can apply in case of the interim evaluation of the expansion anchor bolts at
Sequoyah for restart.

After reviewing TVA's proposal, the staff concluded that TYA should use, as a
minimum, the original FSAR design criterion requiring 2.5 for WB and 2.8 for
SSU as safety vaztors for the interim period and for the long-term effort, TVvA
should determine the actual safety factors and evaluate them against the
requirements of 1€ Bulletin 79-02

Some of the conserva‘‘ e assumptions used in TVA's standard design practice
tend to support a view hat the actual safety factors against the pull-out of
expansion bolts will, in general, be higher than those calculated. For
example, TVA uses the expansion bolt capacities based on 3000 psi concrete,
whereas the concrete strength data at 90 days indicate that the actual strength
cf the concrete cou'd be much higher than %000 psi. This could increase the
expansion bolt capacities significantly. Another example of the conservatism
1s that in normal installatinen, TVA procsdures require preload of bolts to
twice the design load. A mirinum of 25 percent of the bolts are tested for
slippage at that preload level. Any slippage (as indicated by a drop in load
of the load indicator) was regarded as a failure. This requirement is more
stringent than the accepted industry practice of allowing some slippage. These
conservative design and installation practices form the basis for the staff's
acceptance of the safety factors noted above for restart purposes.

TVA, in its submitta) of January 14, 1987, committed to the interim criteria
Proposed by the staff. therefore, this is acceptable.

2.5.1.4 Base Plate Anaiysis

As discussed above, TVA performed frame analyses to evaluate the distribution
of forces throughout the cable (ray supports. The cable tray mass is distrib-
uled evenly between acjacent supports. Overloaded trays were evaluated in
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walkdowns. Trays that were less than full were considered to be full with

the exception that some of the supports located on the steel containment vesse)
were evaluated for actual tray loads. The SSE loading was used as an input,
and two alternate types of analysis were performed. The first type of analyses
performed were response spectrum analyses. If there were no modes with natural
frequencies less than 33 cycles per second (cps), a seismic load equivalent to
the tray and support mass times the zero period acceleration (ZPA) was applied
tc the support. The second type of analysis performed was static analysis with
a load equal to the tray and support mass multiplied 1:5 times the peak spec-
tral accelerdtion. The deviation between the center of cable tray's mass
points and brace connection joints had not been considered by TVA for al)
supports at the time of the staff audit. The supports on the steel containment
were evaivated for the effects of the eccentricity. TVA will consider this in
calculations to be develeoned. The staff does not expect that this will lead to
significant changes in response forces; however, this will be treated as a
confirmatory open item. In other respects, the staff considers the current
snalyses used by TVA are acceprable.

The loads from the frame analysis are used tc evaluate the adequacy of the
support members and base plates. Standard engineering methods are used to
eva'Late stresses in members and are considered acceptable by the staff. The
BASEPLATE 11 computer program is used to evaluate stresses in the base plate
anc bolts and bearing stresses in the concrete. BASEPLATE Il is a preprocessor
Code that generates input data for an ANSYS computer ccde solution. This also
is acceptable to the staff,

Plate finite elements are used to model the base plate and elastic springs are
usec tc mode! the anchor bo'ts. The concrete is modeled with an elastic spring
in series with a gap element so that the concrete acts in compression but not
in tensian.  TVA has performed sensitivity studies to develop criteria for the
finite 2ement modeling of the base plate. The modeling and analysis of the
base plate are acceptable.

2.5.1.%5 Concrete

TVA provided its responses to the questions related to concrete quality raised
by the staff. The resolution of this issue is discussed in Section 2.6 of this
report.

2.5.1.6 Confirmatory Items

The staff identified the confirmatory items listed below during the audit of
October 3, 1986, to he resolved by TVA before -estart.

(1) An unused bolt hole was observed in the sain tube member of support MK 11d
in the annulus. It should be verified that this support is adequate.

(2) The 1/8-inch fillet welds used throughout the supports to the shield wall
do not satisfy American welding Society (AWS) Standard D1.1-85 Section
10.5.31.  The adequacy of these welds is to be investigated based on data
to be obtained in a scheduled TVA test program.
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to appropriate quality standards. The design for cable tray support systems
failed to consider the effects of rigid body moticn from the response spectrum
IPA in the determination of seismic loads for the design analysis. [In this
case, the 7PA of the response spectrum is 0.37g for the operating basis earth-
quake (OBE) and is 0.74g for the SSE.

The staff reviewed five cable tr>y support design calculations in the diesel
generator building and two cable tray support design calculations in the
additional diesel generator building. The staff found that these caiculations
had been performed using a modal superposition dynamic computer analysis. The
computer programs consider only the dynamic modal response in the frequency
range of interest. No consideration was given to the effects of rigid body
motion from the response spectrum ZPA. As a result, the accelerations
generated from the dynamic analysis were generally smal) when compared to the
response spectrum peak accelerations. The use of these small accelerations
alone in the design of the rigid supports for the cable t=ay support system was
net conservative and was not adequate in terms of satisfying regulatory
requirements.

TVA mistakenly used the computer-generated dynamic analyses so that msuch
smaller responses [e.g., accelerations and forces) could be used in the design
of cable tray supports. The dynamic earthquake analyses for the diese!
generator building and the additiona) diese) generator building show that the
peax accelerations from the response spectra are significantly larger than
values used by TVA for design.

Use of these larger accelerations in designing the cable tray supports would
have resuited in much larger siructural sizes in the support systems.

2.5.2.2 Evaluatior

In & Tetter cated November 25, 1985 and in Section 111.3 of the SNPP, TVA
describes the corrective actions it has taken. These actions include a re-
evaluation of the cable tray supports in the diesel generator building and the
adgitiona’ diese! generator building to include the effects of the ZPAs. Other
calculations==such as those for conduit supports and duct supports--were
reviewed, and TVA determined that the dynamic computer analysis was not used.

The dynamic analysis method has not been identified in any other puilding at
Sequoyah, and TVA no longer uses this analysis method. The calculations of the
specific designer also were reviewed for cable tray supports in the control
building and the auxiliary building to ensure that these supports were
adequately cesigned to serve their intended function.

TVA has issued 3 design input memorandum for the cable tray support design
criterion SQN-DC-v-1.3.4. The memorandum provides more stringent management
control and technical review of dynamic analysis in the design of cable tray
supports. It requires that the modal superposition dynamic analysis shall be
performed and checked only by certain qualified engineer, as designated by
TVA's civi) project engineer. Further, TVA's Civi) Engineering Branch central
staff nas provided direction and training for the re-analysis effort and will
do so for any future designs/evaluations.
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2.5.2.3 Conclusion

TVA has evaluated all cable tray support calculations in the diese) generator
building and the additiona) diese) generator building for a failure to take the
effect of ZPA into account. In those instances where the orignally calculated
acceleration was less than the ZPA, the ZPA was applied in the re-analysis,
Results of the re-analysis indicate that the existing cable tray supports are
still able to serve their intended function during a seismic wvent. Therefore,
on the basis of its inspection and its review of the in!ornatiqn presented by
TVA, the statf finds that no structural modifications are required.

2.5.3 Cable Tray Support Base Plate Installations

2.5.3.1 Summary of lssue

Sixteen bate plates (eight per unit) for the cable tray supports in the auxil-
fary buildisg were improperly installed in that every hole in the base plates

was drillec per the engineering drawing with a diameter 3/8 inch larger than
specifiea b’ TVA procedures.

The staff reviewed cable tray support design drawings for conformance to design
analysis and TVA's commitments. The staff found that the base plates with
oversize holes had been used in the installation. Design Drawing 48N1369, Re-
vision 2, specified 1=3/18-inch-diameter holes in the base plates for 3/4-inch-
diameter weage bolts. In accordance with TVA procedure, the correct hole
diameter in a base plate is 1/16 inch larger than the nominal bolt diameter.

In the above case, the correct hole diameter in the base plate should have

been 13/1¢ inch. The incorrect dimension on the design drauwn* resulted from

a misinterpretation of the designer's sketch by the drafter. he error was

not founa in the checking and review process becaiuze the 0.iginal design cal-
culations were not compared to the final design .-awing, nor was the error
lgentifiea in the inspection by TVA's construction QC inspectors,

2.5.3.2 Evaluation

TVA corrected th grror by making special washer plates to cover the oversize

holes and provide the bearing surface for the bolts. TVA checked the auxiliary
bul ding and contro) building drawings done by the same drafter. TVA 3lso

checked a number of calculations that had checked Dy the same checker to ensure
there was no recurrence of this problem.

2.5.3.3 Conclusion

TVA has completed al) the necessary corrective actions regarding the above
deficiencies. As a result, the modified connections are judged to be able to
Serve their intended function as required by the design. On the basis of the
above information and its review of Section 111.3 of the SNPP, the staff finds
the issue of oversize holes in the base plate has been acceptably resolved.

2.6 Concrete Quality

The TVA evaluation of Employee Concern IN-85-995-002,

related to the adequacy
of the concrete Quality at the watts Bar Nuclear Plant

site, prompted the NRC
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staff to request further wvaluations of the in-place strength of the concrete
at the Sequoyah site.

The NRC staff and its consultants visited TVA headquarters during the week of
January 5, 1987, to audit the procedures and the data base on which the TVA
evaluation was based and to review the TVA findings. The potentia)l deficien-
cies investigated include: (1) violaticen of sampling frequency, (2) low
strength concrete and its effects on the Category I structures, and (3) lack of
procedural contro)l for bedding mortar. .

TVA has completed its evaluation and has documented the final findings in
Enclosure 1 to its letter of February 6, 1987.

TVA has determined that more than 30 percent of the relevant 90-day strengths
are available anc¢ that only 5 percent of the 28-day strengths were deficient.
Therefore, less than one-half percent of the concrete is unaccounted for by
this procedure (5 percent deficient results with 10 percent missing data). For
the concrete mix with the design strength specified at 90 days, an equivalent
strength was calculated for each time period. The equivalent strength is that
strength level, calculated from the mean strength and standard deviation, which
may be expected to be exceeded by 90 percent of all strength tests. The lowest
equivalent strength so determined was used to analyze each affected structural
member. Al]l were found satisfactory.

Ouring the aucit, the staff and its consultant checked the transfer of data
from original test reports to the computer printout on which the calculations
were based. A few isolated errors were found, but in each case when the error
was correctec, the conclusions based on the calculations were not changed.

Both the methodology and the data base confirmed the validity of the TvA
evaluation approach and conclusions.

A spot check of the structural calculations indicated that they were based on
the correct concrete strength values, as applicable. TVA has redone some
calculations to evaluate for newly determined concrete equivalent strengths.
There were no written standards with which bedding mortar was required to
comply. However, 1ts use was wel)l documented and regular strength tests were
mace and reported. A large part of the mortar was used for lubricating pump
lines. TVA analyzed walls containing bedding mortar by very conservative
assumptions. The staff concluded that TVA utilized adequate controls and
standards in their evaluation of the bedding mortar used at he Sequoyah site.

The staff requested TVA to examine a(] concrete sampling records for demon-
strating compliance with sampling frequency requirements during the exit
meeting following the staff audit. TVA provided additiona’ information by
letter dated April &, 1987(b), to s.pplement that in Enclosure 1 of its
February 6, 1987 letter. The staff reviewed this information and found it to
be acceptable.

On the basis of its review, the staff concludes that al) previous concerns
related to adequacy of the structural criteria for concrete strength and
frequency of sampling and controls and standards for the bedding mortar have
been resolved for restart
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2.7 Miscellaneous Civi) Enginooring Issues

Basea on several significant condition reports (SCRs), TVA has identified a

need to address the seismic qualification of components in meeting code and
requlatory requirements. This effort includes the review of components, piping,
pipe supports, cable tray supports, conduit supports and heating/ventilating
duct supports as well as structures. TVA has committed to resolve any identi-
fied problems by analysis, testing or design changes with the corrective

actions being integrated into the restart schedule. The specific restart re-
Quirements are to be determined by TVA management review. These topics are
addressed by separate TVA programs and are addressed specifically in Sec-

tions 2.3.2, 2.4, and 2.5 of this SER, as well as Part 2 (Employee Concerns).

Section 15 of Part 111 of the SNPP addresses miscellaneous civil engineering
Tssues related to Sequoyah.

Another effort initiated by TVA in the civil engineering discipline involves
the capability of embedded plates and concrete anchors for cable tray and pipe
SUpports to meet the TVA commitments made regarding the coce allowable condi-
tions. This area of review also relates to an employee concern in the con-
struction category (No. 11301). The employee concern report identified an
'ssue regarding TVA's implementation of IE Bulletin 79-02 criteria for calcu-
lating base plate flexibility. TVA plans to resolve this issue by reviewing

a sample of 60 base plates to verify that the design calculations meet the
requirements of the applicable base plate design criteria. The Design Base-
line vVerification Program (DBVP) are addressed in Part 2 and Section 2.2 of
this SER. As a result of the DBVP. the issue has been found by TVA to not be
a restart item. Mowever, as part of the calculations review program, TVA has
re-evalyateg approximately 5600 pipe suppert calculations, which consigered the
effects of base plate flexibility,

An agditiona) issue involved TVA's implementation of IE Bulletin 79-14. This
1SSue was addressed by an employee concern report related to engineering (EN
21202). The employee concerns report found that TvA's 79-14 program was
adequate for Unit 2, However, TVA initiated a program to inspect 2500 pipe
SUPpOris to verify the as-built o= as-modified condition with the documented
cesign for Unit 1. Discrepancies identified are to be evaluatec against the
design criteria and repairs or modifications made as hecessary to bring the
Support into conformance with the as-designed condition. This effort is being
performed under a TVA special maintenance instruction. The supports in the
program that have been identified as being required for operation on safe
shutdown have been inspected as a restart activity as part of the pipe support
enhancement program. This review area is discussed in Sections 2.3.2 and 2.4.

On the basis of its review of the TVA plans to execute these special programs,

the NRC staff finds that with proper implementation of the plans the specia)
1ssues should be fully resolved.

2.8 Heat Code Traceability

2.8.1 Introduction

Section ;IZ 15.6 of the Sequoyah Nuclear Performance Plan (SNPP) describes a
TVA commitment to Investigate materials control concerns involving FSAR
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commitments, design requirements, and traceability relative to pressure boundary
piping components in the Sequoyah safety-related piping systems. The multi-
phased investigation is concerned with clearly determining the commitments made

and compliance to those commitments relative to design, fabrication, insta)la-
tion and traceability of documentation,

The issue of heat code traceability has also been evaluated through the employee
concern program (element report MC40703). In particular, the key issue that
developed fram this review was the use of TVA Class B $mal) bore pipe and fit-
tings in TVA Class A applications. The TVA resolution of this problem is dis-
cussed below.

2.8.2 Evaluation

TVA designated an Employee Concern Task Group (ECTG) on July 1, 1986 to inves-
tigate materials control concerns. The results of this investigation were
documented in TVA [lement Report No, MC-40703-SQN. This report identified more
than 200 possible discrepancies between Sequoyah Units 1 and 2 on safety-
related piping (98 at Unit 1 and 110 at Unit 2).

The following corrective actions have been implemented to correct the existing
problems identified by the ECTC Report and to preclude their recurrence:

(1) PIRSQONNEBEE3E will ensure the clear definition of the applicadbie code
ecition and addenda of ANSI B31.7 used in the fabrication, erection,
installation, and use of Nuclear Class Piping components, in the uppers
tier gdocuments. (Corrective Action Tracking Document (CATD) Ne.
40703-5QN-01-R2 ang CATD No. 40703-SQN-03+R0).

(2) CAQR SQNE70827 will ensure that all Nuclear Class I, 11, and 111 (TVA
Class A, B, and (/D) pressure-retaining piping components will be examined
and their suitability for use verified and documerted in accordance with
the applicable requirements, or replaced. (CATD No. 40703-SQN-02-PO, CATD
No. 40703-35QN-06-R0 and CATD No. 40703-SQN-07-R0.)

(3) CAR-BE-084 will ensure that site procedures contain the necessary detaileag
instruction to provide for the receipt, storage, and installation of
Nuclear Class Piping Components in compliance with the applicable coce
requirements. (CATD No. 40703-SQN-04-R0.)

(4) CAR-B4-064 wil) ensure that inspectors will receive the required training
to ensure that Nuclear Class Piping Component materia)l identification
verification is performed and documented, in accordance with the
anplicable code requirements, throughout their receipt, storage, and
installation at SQN.  (CATD No. 40703-5CN-05-RO. )

(5) SCRSQNMEBEE14 R1 and ECN L6784 wil) ensure that TVA cesign drawings
contain clear and consistent identificaticn of where (location) and how
(e.g., double automatic valve, specially bored fitting) the pipin$
classification changes, as stated in the FSAK, are effacted (CATD No.
40703~ 5QN-08-R0. )
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(6) PIRSQNMEBB793 will ensure that either the FSAR or the design drawing
contain a clear definition of the boundary between the primary coolant
loops «and their branch lines. (CATD No. 40703-5QN-09-R0. )

TVA (Division of Nuclear En?inocring) ther assembled a new investigative unit,
the Heat Code Traceability Task Group (MCTTG), to evaluate and resolve the
fssues raised by the ECTG. The results of this investigation were documented
'n TVA's report B23870225-036. This report (B25870225-036) reduced the 208
eriginal discrepancies to a tota) of 7 items of noncompliance.

The investigations led to the issuance of three Corrective Action Reports
(CARs )--5Q-CAR-86-052, $Q-CAR-86-055, and SQ-CAR-86-064--which document the

proposec applicable corrective actions to the discrepancies and program
deficiencies.

As a result of disagreements between members of the ECTG and the WCTTG regard-
ing the proposed TVA corrective actions to resolve the employee concerns,
independent experts were contracted to assess the fssues. The report document-
ing the findings of consultants Kelly and Landers was issued on as an attach-

ment to the element report 40703, submitted to the NRC on May 13, 1987. This
report partially stated:

The current, as-analyzed stress values of TVA Class A smal) bore
Piping have been reviewed. The noda) points which exceeded 60
percent of either code allowable stress or actual a)lowable stress
were tabulated. There were approximately 2600 nodal points used
for the small bore piping analysis of TVA Class A piping. Two and
one=half percent of the noda) points had stress ratios which were
not capadble of meeting the 40-percent reduction on the code allow-
able stress.  Similarly, 1.8 percent of the nodal points had
stress ratios which were not capable of meeting the 40-percent
reduction on the actual allewable stress.

The report also partially concluded:

In summary, the material contro) problem is limited to small bore
piping. This report demonstrates that there is no technical
difference in Class A and Class B piping components. In conclu-
sion, the engineering evaluations demonstrate that the installed
small bore pipe and fittings comply with ANS! B31.7¢ Code require-
ments when the 40 percent allowable stress reduction factor is
used in lieu of NDE. Thus, nlant safety is assured.

This reduction in allowable stress refers to paragraph 1-724 in ANS!
B31.7¢-1971 which states in part:

Unless otherwise required by the Design Specification, and
provided all other applicable requirements of this division
(1-274) are met, the non-destructive examination requirements of
this division do not apply to:

1 Non-pressure-retaining material:

TVA SER vol. 2, Part ] 2-46 Revised Preliminary Report



2. Seamless pipe and tube, seamless forged socket vold1ng
fittings, and seamless wrought butt welding fittings 2-inch
nominal pipe size and smaller provided that:

a. The pipe, tube and fittings are made of P number 1 or P
number 8 materials that meet all requirements of one or
more of the standard materials cpecifications listed in
Tables 1-724 and A+].

b.  The design itress intensity values (5_) of Table A-1
used in the design analysis are mu1tiflied by a factor
of 0.60.

Note: The major difference between the small-bore pipe material rejuirements
of Class A, B anc C materials is the application of non-destructive testing to
Class A materials.

The three previously mentioned Corrective Action Reports ($Q-CAR-86-052,
86-055. and 86-064) document the result and corrective actions associated with
the various discrepancies noted in the three (ECTG, HCTTG, and consultants
Kelly ancd Landers) reviews performed at Sequoyah.

TVA also performed additiona) reviews in this area in order to verify the
accuracy of the employee concerns and to assess the possible effect on the
safety of the Sequoyah plant. These reviews were performed by Bechtel,
Structural Integrity Associates, and Aptech Engincering. The highlights of
these reviews are summarized below

Bechte Augit

The purpose of this audit was:

To verify, by examination of objective evidence, compliance with
those aspects of the TvA Quality Assurance Program associated with
materials. Audit to address program applied both during the
construction phase and the operations phase.

This audit concluded that TVA had generally complied with the connected quality
programs and applicable implementing procedures for material control for both
construction and operations. The exceptions to this compliance were S Audit
Fingings (2 for construction, 3 for operations) and 6 Audit Observatiens (5 for
construction, 1| for operations).

With regarc to programatic deficiencies, the Bechte! audit did state:

The findings of this audit do noti reveal a deficiency in
programatic controls. HMowever, there were instances of
implementation errors (i.e., incompletely recorded heat numbers
heat numbers recorded on items or documentation partially
i1legible, etc ) which can create traceadility questions requiring
laborious and costly research and investigation efforts.
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Structural Integrity Associates Structural Integrity Associates Evaluation

The three tasks assigned to SIA by TVA for its investigation were:

(1) Survey the available documentation and industry personnel involved in the
construction of other 1ight water reactors built during the same time
frame as Sequoyah to determine the codes and standards invoked for design
and construction of those plants and to present the methods used by other
utilities for materials contro) and maintenance of traceability during
plant construction.

(2) Obtain a knowledgeable, independent interpretation of the traceability
requirements of the various construction codes along with an historical
background of traceability and marking requirements.

(3) By survey of the available data bases, determine whether any component
service failure has ever been attribu“ed to improperly documented materia)
or resuiting from a traceability flaw.

This report summarized:

.- -that materials traceadbility, aithough not a code requirement,
has been important to plant owners. Traceability of materials has
generally been maintained to a high degree although not 100%.

Even though a smal) fraction of material of questiorable or
'NCcomp'ele pedigree is known to have been installed and placed in
service, no failures attributable to such material have been
reported. The methods used by TVA in the design, procurement, and
construction of piping systems for the Sequoyah units appear to
have been typica) of the day. The heat code traceability
Questions raised by the Nuclear Safety Review Staff report are not
unigue. Those questions relative to Sequoyah do not appear to
present an unresolved issue

Aptech Repo:-.

This report encompassed a review of nuclear materia) manufacturers programs,

policies, ang practices, as wel) as nondestructive examination versus nuclear
classes. This report concluded:

For absolute ang unquestionable traceability, the procurement
document, the heat code fumber, and the manufacturer must be
known. Alsc, if any NDE was performed by someone other than the
manufacturer, a separate document was generated showing the NDE
method performed and the identity of the material.

The rejection rate of NOE performed on smal) bore fittings
manufactured by forging or machining was less than one percent.

Even today, there are no markings put on small seamless piping
products to indicate the class unless the purchasing document
actua’ly requires this to be done. A1) manufacturers that were
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contacted have marked the NDE performed on the materia) since
1980, Prior to that time, some did and some did not. We believe
that NAVCO and the material manufacturers procedures and QA
?;?grans met the NAVCO requirements of both ANS] B31.7 and ASME

NRC Staff Review Summary

The NRM staff conducted a special team inspection at Sequoyah as discussed in
Inspection Report 50-327/328 87-44. The objective of the inspection was to
determine the accuracy of the information contained in the element report and
Lo cetermine the adequacy of TVA's conclusions and corrective actions. At the
conclusion of the inspecticn effort the NRC staff concluded that TVvA generally
perfermed an extensive review of the heat code traceability issue. The infor-
mation contained in the element report was found to accurately scope and review
the identified issues. However, several inadequacies were identified during
the NRC staff's review of supporting engineering calculations for small bore
piping; these are listed below,

(1) TVA has not pe~formed minimum wall calculations for pipe schedules other
than schedule 160, TVA needs to perform those calculations to ascertain
that a pressure problem is not present.

) The acceptance of 2-1/2 percent of noda) points for small-bore piping,
Dased upon the use of actua) materia) properties and thicknesses, is not
acceptable. TVA needs to review those noda) points again ang upgrade
them, efther by performing the additional nongestructible examination, or
by agcing more supports to reduce tne loads, or by replacing the piping.

—

(3) TvA Design Criteria for Detai’ed Analysis of Category 1 Piping Systems,
SQN-0C-v=13.3, Rev. 3 provides the loadin concitions and stress limits
for Category I piping systems in Table 3. =1. Footnote 3 of this table
states that the allowable stress levels are given in ANSI B21, 1-1967.
TVA's calculations of the a)lowable stresses for small-bore piping used
ASME Section 111, Appendix I allowables which do not meet the criteria in

- i
SCN.U:.\.Q.:' 3

TVA responded to these items by letter dated December 4, 1987: this response is
Deing reviewed by the staff.

¢.8.3 Conclusions

The NRC staff believes that TVA has properly characterized the problems with
heat code traceaoility as a part of the SNPP and adequately addressed the
employee concerns identified in TVA Employee Concern element report MC-40703,
"Heat Code on Related to Materia) Control " However, TVA needs to complete its
corrective acticns in the sma)l-bore Piping area in order to ensure a safe
startup ang safe operation of the plant.
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3 SPECIAL PROGRAMS

The Sequoyah Restart Task Force identified a number of technical issues of
particular interest that are to be addressed before restart. These include
major regulatory programs, such as environmental qualification of equipment and
fire pcotection, as well as specific technical issues, such as adequacy of
electrical cables. The resolution of these issues are discussed in the sec-
tions below. In some cases, there are related employee concerns; individual
evaluations of the element reports are provided in Appendix A.

3.1 Fire Protection

3.1.1 Introduction

Following a staff inspection of July 16-20, 1984, at Watts Bar on compliance
with Appendix R to 10 CFR 50, the staff issued a Confirmatory Action Letter

te TVA on August 10, 1984, This letter identified the actions to be taken by
TVA to 'mplement a complete review of the Appendix R program at Sequoyah. On
December 18 ana 21, 1984, TVA submitted the results of the Sequoyah Appendix R
re~evaluation, which were needed to complete the actions required by the letter
of August 10, 1984.

Based on TVA's submitta) of December 21, 1584, Sequoyah Units 1 and 2 were not
in compliance with 10 CFR 50, Appendix R, Lections 111.G, 111.J, 111.0, and

ITI.L. TVA fai ed to meet Section 2 C.(13).a of the Sequoyah Unit 2 operating
license, which requires TVA to maintain in effect and fully implement the fire
protection requirements of 10 CFR 50, Appendix R, Sections II11.G, I111.J, Il1l.L,

ang ITTIT B
W osda o v

The staff conducted a special Appendix R inspection January 14-18, 1985,

to verify that TVA had completed the items required by the letter of August 10,
1984 This inspection evaluated structures, systems, and components important
to safe shutdown to determine if the existing and/or proposed plant fire
protection features would provide a level of protection equivalent to the
requirements of 10 CFR 50, Appendix R, Sections I111.G and II1.L. In addition,
after the staff received TVA's submittal of December 21, 1984, the scope of
this inspection included the NRC staff's determination as to whether the
proposed fire protection features are capable of limiting protential fire
damage so that one train of systems essential to achieving and maintaining hot
standby from either the control room or emergency control stations would be
free of fire damage.

As a part of its re-evaluation effort, TVA developed operating procedures that
addressed the required manual operation of valves for cold shutdown and
casualty procedures that addressed the repairs associated with the residua)
heat remova)l (RKR) pumps, RHMR room coolers, and various cold shutdown valves.
In addition, to demonstrate that one train of systems necessary for hot standby
is free from fire damage, TVA developed a fire shutdown logic (SDL) that
defined the safety functions and sets of equipment regquired to achieve safe
shutdown conditions under postulated fire conditions. The SDL is supplemented
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by key diagrams that identify the redundant paths/equipment required to achieve
hot standby and subsequent cold shutdown.

From the SDL and the associated keys, TVA identified cables in block diagram
form for required components/equipment. These cables were then color traced
and plotted on physical cable separation drawings. From these color-coded
drawings, TVA evaluated and identified specific cable interactions. TVA
performed a field verification of actua) equipment locations, where necessary,
to ensure that separation was adequate. Specific cable interaction identi-
fication sheets were prepared for locations where redundant divisions were not
separated in accordance with the requirements of Section 111.G.2.

In addition to evaluating TVA's Appendix R separation analysis during its
inspection of January 14-18, 1985, the staff evaluated TVA's associated circuit
analysis. TVA's Type 11 (spurious operation) associated circuit analysis was
performed by determining the components that must be preverted from spuriously
operating. These components also are listed in the fire SDL diagram and
associated keys. TVA then evaluated cable separation for these components in
the same way it evaluated those cables that must Temain operable for safe
shutdown.

The analysis also identified severa) circuits, not required by Appendix R, that
did not have proper fuse/breaker coordination. These circuits were identified
as Type I (common power supply) and Type 111 (common enclosure) associated
circuits, and corrective actions were necessary to comply with Section 111.6.2
requirements and ensure that adequate electrical protection was provided.

TVA's Appendix R re-evaluation identified 121 plant areas where redundant
cabling/equipment associated with those systems necessary to bring the plant to
hot and cola shuidown interacted

in addition, by letters dated October 1, 1981, Decemver 18, 1984, ang

January 11, March 4, and August 5, 1985, TVA requested 22 additiona! deviations
from the requirements of 10 CFR 50, Appendix R. B, letter dated March 19,
1986, TVA withdrew the request for a deviation associated with s.paration of
safe shutdown circuits and components inside the containment. By letters dated
May 29 and October 6, 1986, tre staff approved the 2 outstanding deviation
requests associated with Section 111.0, reactor coolant pump o1l collection
system, the 17 outstanging deviation requests asiociated with Section 111.G.,
fire protection of safe shutdown capability; and the 2 outstanding deviation
requests associaied with Section IT1.L, alternative or dedicated shutdown
capabilities, including the deviation request regarding T-cold instrumentation
in the auxiliary control room.

In its submitta) of December 21, 1984, TVA committed to complete the fire
protection modification not associated with the pending deviation requests by
June 30, 1986. On July 7-11, 1986, the staff conducted a site assessment to
verify that TVA had implemented the required fire protection modifications.
Five items that were to be inspected were not yet completed. For those five
items, TVA committed to having them completed by June 30, 1987 On June 22-26,
1987, the staff conducted another site visit to inspect these items. As a
result of this inspection visit only two items remained open. These open

items were the completion of spray systems in the two 480-volt shutdown

TVA SER vol. 2, Part } 3-2 Reviced Preliminary Report






both redundant trains of Unit 1 chargin? pumps. On this basis, RCS makeup
capabilities and RCP seal injection would be jeopardized.

TVA has rerouted to shorten the cable run and enclosed the Unit 1 CCP B-B
room cooler cables 1PL3011E and 1PL30138 and Unit 1 CCP B cables 1PPS628 and
1PP564B in a l-hour fire barrier in the interaction area to ensure adequate
separation.

A fire in corridor 669.0-A1 also could cause both redundant auxiliary lube
oi] pumps for' the Units 1 and 2 :(Ps to fail. Therefore, to ensure that the
CCPs will start, TVA has insta)led auxiliary lube oil pump bypass start capa-
bilities for the CCPs. This condition was identified by TVA's re-evaluation
cable interaction study no. 93 and 68.

On the basis of the above modifications and the sprinkler protection in corridor
669.01-A1, the staff finds there is reasonable assurance that, if a fire
occurred in this area, one train of the CCP system would be maintained free

from fire damage.

Auxiliary Building, Elevation 690'-0"

In auxiliary building common area 690.01-Al near column line A-2 and T, the
following cables associated with the Units 1 and 2 train A component cooling
water (CCW) pumps are routed at the top edge of the partial height fire barrier
wall separating the CCW system pump redundant divisions:

unit 1 CCw Pump A Conduite ynit ¢ CCW Pump A Conduits

1PL47254 2PL4725A
1PL4726A 2PLAT726A
1PL4T731A 2PL4731A

A postulated exposure fire associated with the train 8 CCW pump for either

Unit 1 or 2 could cause fire damage to the cabling for the train A CCW pumps

of either unit. In addition, the postulated fire condition could damage cables
1PL47355 and 1PLA47365 associated with the CCw pump C-S. Thus, if an exposure-
type fire were to occur on the B train side of the fire barrier separating the
redundant pumps, both redundant trains of CCw pumps could be rendered
inoperable.

TVA has enclosed the Unit 2 train A CCW pump conduits (1PL4725A, 1PL4726A,

and 2PL4731A) in a fire barrier having a l-hour rating. The fire barrier wil)
extend protection to the subject conduits until there is 20 feet of horizonta®
separation from the Units 1 and 2 train B CCW pumps. This condition was iden-
tified by TVA's re-evaluation cable interaction study no. 4.

On the basis of its approval on May 29, 1986, of TvA's outstanding deviation
requests, the medifications proposed above, and the sprinkler protection in
common area 690.0-A1, the staff finds there is reasonable assurance that, if a
fire occurred in this area near column lines A=2 and 7, one train of the CCW
system would be maintainec free from fire damage.

From columns A-11 te A-12 and between column lines Q and R, Channe) ] RCS
temperature loop cables 2PM591], (PMTTBI, 2PMEBEI, and 2PME71I interact with
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Channe) 11 RCS temperature loop cables 2PM5S511, 2PM78411, 2PMES111, and
2PME7611. A postulated exposure fire in this plant area coull cause a loss of
all tempergture indication for all four Unit 2 RCS To0ps.

TVA has enclosed cables 2PM5911, 2PM7781, 2PM68B6]1, 2PM8711, 2PMS9S1], 2pM78411,
¢PMESLII, and 2PMB76I1 on auxiliary building elevation 690'-0' in a 1-hour-
fire-rated fire barrier. This condition was identified by TVA's re-evaluation
cable interaction study no. 49, )

A postulated'fire condition in this plant area will alse cause a loss of
cabling associated with all three channels of pressure indication for al)

four Unit 2 steam generators. Therefore, TVA has enclosed conduit 2PM20841
containing cables 2PM13351, 2PM1474]1, 2PM15951, and 2PM17151 on auxiliary
building elevation 630'-0" in a 1-hour fire barrier. This condition was
fdentified by TVA's re-evaluation cable interaction study no. 51.

As a result of the above modifications and the sprinkler protection in common
area 630.0-A1, the staff finds there is reasonable assurance that, if a fire
occurred in this area from columns A-11 to A-13 and between column lines Q and
R, the temperature indication for all four Unit 2 RCS loops and the pressure
ingication for all four Unit 2 steam generators would be maintained free from
fire gamage.

From columng A-S to A-13 and between column lines R and T, the following cables
associated with A and B train CCP room coolers, CCW pumps, CCP, and essentia)
raw service water (ERCW) pumps interact:

Cable ldentifier Safe Shutdown Component

2PL3001A Unit 2 CCP A=A room cooler
2PL30034

¢PLI0L1E unit 2 CCP B+B room cooler
2PL30138

2PPES0A Unit 2 CCP A-A

2PPR524

JPPEE2E unit 2 CCP B-B

2PPEB4E

2PL4T7254 Unit 2 CCW pump A-A
2PLAT26A

2PL4731A

2PL473%9A Common CCW pump C-S
2PL47398

2PL47428 unit 2 CCwW pump B-B
2PL47438

2PL4748R

1PP7008 ERCW pump L-B

1PP7128 ERCW pump N-B

2PP7008 ERCW pump M-B

2PP7128 ERCW pump P-B

A postulated exposure fire in this plant area could jeopardize both redun-
dant trains of Unit 2 charging pump room coclers, preclude a'l RCS makeup

ane RCF seal injection capabilities, and cause a loss of component cooling
water to safe shutdown systems,
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TVA has rerouted cables 2PPSS50A and 2PPS52A for the Unit 2 train A CCP out of
the interaction area to ensure adequate separation, TVA also has installed
auxiliary lube o1] pump bypass start capabilities for CCPs (auxiliary lube of)
pump cables not tabulated). This bypass switch allows the CCPs to be started
without the auxiliary lube of) pumps running.

Cables 2PL4739B and ZPL4731A are necessary for local control of the CCW. TVA
has rerouted these cables and enclosed them in a l-hour fire barrier where
necessary to ensure adequate separation. The train B ERCW cables have been
enclosed in a l-hour fire barrier to achieve adequate separation from the train
A CCW pumps for Units 1 and 2. In addition, train A CCP room cooler fan cables
for Unit 2 have been rerouted to provide adequate separation from the train B8
CCP cabling located in this area. The remaining listed cables are contained in
two raceways that are separated (or wrapped) as part of an Appendix R deviation
request commitment. In this cable interaction area, TVA also has enclosed
pressurizer pressure instrument cable 2PM1086I11 in a 1-hour fire barrier along
its entire route through auxiliary building common area on elevation 690'-0"
These interaction cunditions and corrective actions were identified by TVA's
interaction study no. $2.

On the basis of the staff's evaluation and approva)l (May 29, 1986) of TVA's
outstanding Appencix R geviation requests, the above modifications, and the
sprinkler protection in common area 690 0-Al, the staff finds there is
reasonable assurance that, if a fire occurred in this area between columns A-5
t0 A-13 and between column )ines R and T, one train of CCP room coolers, RCS
makeup, anc RCP sea) injection capabilities and the CCW system would be
maintainea free from fire camage

Between columns A-2 and A=3 near column line T, cables 1PP7858 and 2PP785E
Associated with Units 1 and 2 train B ERCW MCCs interact with CCW pumps 1A-A,
C-5, 1B-B, 2B-B, and 2A-A Thus, a postulated fire in this plant area could
preclude train B ERCW water supply to CCw heat exchangers.

TVA has enclosed cables 1PP785E and 2PP7B5R inm a 1-hour fire barrier where
there 1s not 20 feet of separation between trains. This interaction condition
anC corrective action were identified by TVA's interaction study no. 102.

As & result of the staff's evaluation and approva) (May 29, 1986) of TvA's
outstanding cdeviation requests, the above modification, and the sprinkler
protection in common area 690.0-A1, the staff fings there is a reasonable
assurance that, if a fire occurred between columns A-2 and A-3 near column
line T, the train B ERCW system would be maintained free from fire damage.

From Columns A2 and A-5 and between column lines R and U, the following train
B ERCW cables interact with train A CCP cables:

Cable ldentifier Safe Shutdown Component

1PP7008 ERWC pump L-B
1PP7128 ERWC pumr N-B
2PP700B ERWC pump M-B
2PP7128 ERWC pump P-B
1PPS50A Unit 1 CCP A-A
1PPS52A
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1PLE145A Unit 1 CCP A-A auxiliary lube oil pump

1PL614%4A

1PL30G1A Unit 1 CCP A-A cooler fan and valve FCV-67-168

1PL3003A

1PL4725A Unit 1 CCw pump A-A

1PL4726A

1PL47314A

Cable ldentifier Safe Shutdown Component

2PP7008 ERCW pump M-8

2PP7048

2PP706R

1PPE7%A

1PP7128 ERCW pump P-B

2PP7168

2PP7188

PP328BA ERCW to diesel generator

PP330A Unit 1 heat exchanger A-A valve 1-F(V-67-660

ppassa ERCw to diese) generator

PPAS0A Unit 2 heat exchanger A-A valve 2-FCV=67-66

1PPES3A ERCW pump Q-A

1PPES1A

1PPEE1A ERCW pump J-A

2PPETSA ERCW pump K-A

2PPEELA

2PPES 1A ERCW pump R-A

2PPESIA

1PP4T5A Diese) generator breaker 1917

2PPatas Diese! generator breaker 1922

2PPaTEL Unit 2 diese] generator train A breaker control

::ggZA Unit 1 diese! generator train A start/stop function
44

PPI0BA

PR3, A

PE3ILZA

1PPAB0B Diese! generator breaker 1914

1PP4R0E

2PPABOER Diese) generator breaker 1924

PPEE2B Unit 2 Diese! generator train B start/stop function

PPEEEB

PPE70B

PPE728

A postulated fire in this plant area could cause a loss of ERCW water supply to
both redundant trains of the Units 1 and 2 diesel generator heat exchangers and
preclude the ERCw water supply to both redundant trains of component cooling
system heat exchangers.

in addition, this postulated fire condition could render both redundant trains
of onsite power capabilities for both units inoperable.

TVA has installed a l-hour fire-rated wall to separate A and B ERCW cables
and breakers 1914 ang 1912 cables associated with onsite power capabilities
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from Units 1 train B diese) generator to Unit 1 train B 6.9-kv shutdown board
and Unit 1 train A diese! generator to Unit 1 train A shutdown board, respec-
tively. The l-hour fire barrier wall will be installed down the A-8 column
1ine on auxiliary building elevation 714'0" from Q line to a point 20 feet east
of Q Tine. This barrier alsc will separate breakers 1922 and 1924 cables as
well as the diese) generators 1A and 2B start/stop-function cables.

In addition, TVA has enclosed cables for ERCW valves 1-FCV-67-66, 1-FCV-67-67,
2-FCv-67-66, and 2-FCV=67-67 in a 1-hour fire barrier until there is 20 feet of
separation from the redundant train. These interaction conditions and their
corrective actions were identified by TVA's interaction studies nos. 16, 34,
and 82.

Based on the staff's evaluation and approval (May 29, 1986) of TVA's out-
standing Appendix R deviation requests, the above fire protection modifica-
tions, and the sprinkler protection in common area 714,.0-A1, the staff finds
there is reasonable assurance that, if a fire occurred in this area from
columns A-6 to A-10 and between column lines Q and S, one train of ERCW ang
onsite power distribution capabilities would be maintained free from fire
damage.

From columns A6 to A-14 and between column lines Q to U, a postulated fire
could involve cables for both Units 1 and 2 motor-driven and turbine-driven
auxiliary feedwater pumps, their associated automatic leve) contro) valves, and
wide and narrow range level indications. This could cause a loss of both
reguncant trains of auxiliary feedwater to the steam generators.

TVA has enclosed in a 1-hour fire barrier conduits MC1314111 and MC2552111,
which contain a narrow range ieve) transmitter power cable 2PV255111, and
conduits MC1294111 and MC2547111, which contain power cables to all four steam
generator narrow range level transmitters. In addition, TVA has developed a
procecure with regard to regaining manual control of the auxiliary feeowater
system with a fire in this plant area. These interactions conditions and their
corrective actions were identified by TVA's interaction studies nos. 21 and 41

As a result of the above fire protection modifications and procedura)
Corrective actions ang the sprinkler protection in common area 714 .0-Al, the
staff finds there is 3 reasonable assurance that, if a fire occurred in this
area from columns A-6 to A-14 and between column lines Q to U, one train of the
AFW system and its associated instrumentation would be maintained free from
fire damage.

From columns A-4 to A-8 and between column lines Q to R, common power cable
(2PV320J) for Channe) I RCS temperature loops interacts with the Channel 11
power cable (2PV330K). Therefore, a postulated fire in this area could cause
Unit 2 RCS temperature indication for al) four RCS loops to be rendered
inoperable.

TVA has enclosed cables 2PV320) and 2PV330K in & 1-hour fire barrier. This
modification will ensure that power for Channels | and IT RCS temperature
instrumentation is not affected by a fire in this plant area. This condition
and TVA's corrective actions were identified by TVA's interaction study no. 42.
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Based on the above fire protection modifications and the sprinkler protec-
tion in common area 714.0-A1, the staff finds there is a reasonable assurance
that, il a fire occurred 1n this area from columns A-4 to A-8 and between
column linés Q to R, the power cables for the Unit 2 RCS temperature instru-
mentation loops would be maintained free from fire damage.

Near column A-12 between column lines Q and R cables associated with Channels |
and 1!, RCS pressure indication instrumentation interacts. Thus, a postulated
fire in this area could jeopardize both redundant chanhels of RCS pressure
indication inoperabdle.

TVA has rerouted Channe)l ! common power cable 2PV302J) to shorten its route
through this plant area. In addition, this cable will be enclosed i a l-hour
fire barrier in the area where it interacts with cables associated with RCS
pressure instrumentations P-68-66 and P-68-342C. These interaction conditions
anc proposed modifications were identified by TVA's interaction study no. 43.

Thus, as a resu’t of the above fire protection moaification and the sprinkier
protection in column area 714.0-Al, the staff finds there is reasonable
assurance that, if a fire occurred in this area near column A-12 between column
lines Q ana R RCS, pressure indication would be maintained free from fire
damage

The area from columns A=11 to A~13 and between Q and U contains the
following trains A and B cables for safe shutdown systems:

Cadble lgentifier Safe Shutdown Component

2PL3001 Unit 2 CCP A=A room cooler
PL3003A

2PL30118 Unit 2 CCP BB room cooler
2PL30138

2PES80A Unit 2 CCP A-A
2FP552A

2PP554A

2PPE5EA

2PP5628 Unit 2 CCP B-B
2PP564R

2PPE6ER

2PP56ER

2PL4725A Unit 2 CCW pump A-A
2PL4726A

2PL4727A

2PL4731A

2PL4732A

2PL4738B Common CCW pump C-$
2PLAB38R

2PL47428 Unit 2 .\ pump B-B
2PL47438

2PL4744p

2PL4748E

2PL 474358
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A postulated fire in this plant area could jeopardize both redundant trains of
Unit 2 component cooling and charging pumps.

To provide adequate separati:n between redundant centrifugal charging and
component cooling pumps, TVA has rerouted the cables associated with unit 2
train A CCP andngcw pumps out of the subgcct area of fire influence. In
addition, cables for the Unit 2 train A CCP room cooler and one train of
pressurizer level instrumentation have been enclosed in a 1=hour fire barrier
within the subject ares of fire influence. These cable interaction conditions
were identified by TVA's interaction study no. 86.

On the basis of the above fire protection modifications, the staff's evaluation
and approval (May 29, 1986), of outstanding Appendix R deviation requests, and
the sprinkler protection in common area 71 .0-Al, the staff finds there is

reasonable assurance that, if a fire occurred in this area from columns A-11 to

A-13 ana between Q and U, one train of the CCW and CCP systems would be
maintained free from fire damage.

Auxiliary Building Elevation 734'-0"

In the Unit 1 480-volt shutdown board room 1B2-B, train A cable trays trans-

verse the southwest corner of the room. The following cables are associated
with these train A cable trays:

Cable ldentifier Safe Shutdown Component

1PPE76A ERCW pump J-A

1PPEBLA

1PPES1A ERCW pump Q-A

1PPE33A

2PPETGA ERCW pump K-A

2PPEELA

2PPES1A ERCW pump R-A

2PPES3A

ggzzgf Diese) generator breaker 1912

PPaBEA

PP3I78A

1PP4754

1PP4aT78A

1PP454sA

2PP4AT5A Unit 2 diese) generator train A breaker contro)

PPAEGA Oiese) generator breaker 1922

2PP4T78A Oiese! generator breaker 1922

2PP4gsA

2PPA54A

18111, 1B16! No;:a‘ power feed to 480-volt shutdown board 1A1-A and
2-A

1812111, 1B17111  Alternate power feed to 480-volt shutdown board
87% Unit 1 diese) generater train A emer ency stop
1PLAS00A Power feed to vital battery charger ?

A postulates fire in this plant area could jeopardize the Unit 1 ERCw supply to
the emergency diese) generators and (Cw heat exchangers. 1In addition, a
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postulated fire in this area could render both redundant trains of Unit 1
480-v01t power distribution to safe shutdown systems inoperable.

TVA has enclosed cables associated with ERCW pumps J-A, Q-A, K-A, R-A, ERCW
valve 1-F(V-67-66, and the nurmal power feed to the Unit 1 480-volt shutdown
boards 1Al-A and 1A2-A in a l-hour fire barrier within the subject area of fire
influence. An alternate supply is available to vita) battery charger 1. In
addition, TVA has protected the train A cable trays transversing the southwest
corner of the Unit 1 480-volt shutdown board room 102-3 with an independent
thermal-actuated open-head water spray system from the wall penetration to the
floor penetration. These cable interaction conditions were identified by TVA's
interaction studies nos. 22 and 81.

As of the last staff inspection (June 1587), the water spray system was
installed, but stil) was not operable because of a missing component. At this
time, the system may be operated manually, and a fire watch is being maintained.
However, the licensee will be reguired to have this system operationa) before
restart,

As a result of the staff's evaiuation and approval (May 29, 1986) of TVA's
outstanding Appendix R deviation request, the l-hour barrier installation, and
the water spray system ins allaticn, the staff finds there is reasonable assur-
ance that, if a fire occurrod in the Unit 1 480-volt shutdown board room 182-8,
one train of the ERCW and the 480-volt power distribution system would be
maintainec free from fire damage.

In the Unit 2 4B0-volt shutdown board room 2A2+A, from columns Al2 to Al3
between column lines Q and R, B train cab'e trays transverse this area. The
following cables are associated with these train B cable trays:

Cable ldentifier Safe Shutdown Component

2PPT7048 ERCW pump M-B

2PP706E

2PP716E ERCW pump P-B

ZPPT18E

1PP704R ERCW pump L-B

1PP7068

1PP7168 ERCW pump N-B

1PP7188

2PP5628 Unit 2 CCP B-B

2PPERAE

2PP566E

2PP568RE

2PL30138 Unit 2 CCP B-B pump room cooler
2PP4B3E Diese) generator breaker 1924
2PP4ABOE

PP3I77B

PP4a7IR

2PPaB0B Breaker 1924

2PP377R

28251V Norma) and alternator power feed to Unit 2 train B
28301V 480-volt shutdown boards
282611
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TVA has enclosed cables 1PP7658, 1PP753B, and 1PP762B in a l-hour fire barrier
as they pass through Unit 2 train A 6.9-kilovelt shutdown board room 2Al-A.
This modification was identified by TVA's interaction study no. 3.

Based on the above fire protection modification and the sprinkler protection in
the Unit 2 train A €.9-kilovolt shutdown board room 2A~A, the staff finds there
is reasonable assurance that, if a fire occurred in this area, one train of
Unit 1 power distribution capabilities would be maintained free from fire
damage.

In auxiliary contro) room 734 0-Al, cables contained in cable trays PO-A, PN-A,
and PM-A interact with cables in tray PA-B. These cables are for both redun-
dant divisions of safe shutdown equipsent having normal to auxiliary transfer
switches in the auxiliary instrument rooms. In addition, cable B77A associated
with 2-FCv-67-66 interacts with cable B76 associated with 1-FCv-67-67 in the
same plant location. A postulated fire in this area could cause a loss of all
normal to auxiliary contro) room Units 1 and 2 safe shutdown functions and ERCW
supply to emergency diesel Unit 1 train B and Unit 2 train A heat exchangers.

TVA has enclosed cable trays PO-A, PN-A and PM-A and cabling associated with
2-¥(V-87-66 in a l-hour fire barrier as they pass through the auxiliary control
room. This fire protection modification was identified by TVA's interaction
studies nos. 98 ana 108,

As a result of the above fire protection modification anu the sprinkler protec-
tion in auxiliary control rcom 734.0¢Al, there is reasonable assurance that, if
a fire occurred in this arcs, one tra:~ of the normal to auxiliary control room
safe shutoown transfe function and the ERCw :upply to the emergency diese!)
generators would be maintained free from fire damage

In 125-vo't vita) battery board room ! 734 0-A4, cadles 18261V, 1B311v, 1B251!,
ang 1B3011 (which provide normal and alternative power feed to Unit 1 480-volt
shutdown boards 1B1-8 and 1B2-B) transverse this room along the east wall. A
postulated fire 'n this area could render safe shutdown equipment and the
12%-volt dc contro! power to train A safe shutdown systems inoperative.

In agdition, routed along the east wall of 125-velt vital battery board room 1V
734 .U-A22 are cables 2B11111, 2816111, 2B121, and 2B17] (which provide normal
and alternative power feed to the Unit 2 480-volt shutdown boards 2Al1-A and
2A2=A). Thus, a postulated fire in this area could render Unit 2 train A safe
shutdown equipment and the 125-volt d¢ control power to Unit 2 train B safe
shutdown sytems incperative. This condition was identified by TVA's Appendix R
re~evaluation study no. 107.

TVA enclosed conduit 182911 containing cables 1B2511 and 183011 and conduit
282011 containing cables 2811111 and 2B161I1 in a l-hour fire barrier as they
pass through vita) battery board rooms 1 and IV, respectively.

Thus, based on the above fire protection modifications and the sprinkler
protection in the 12%-volt vita?) battery board room 1 734.0-A4 and 12%5-volt
vita) battery board room IV 734.0-A22, the staff finds there is reasonable
assurance that, if a fire occurred in either of these areas, one train of the
480-vo't electrica) power distripytion capabilities would be maintained free of
fire damage.
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In Unit 2 train B 6.9-kilovolt shutdown board room 734.0-A24, cables 2PP759A,
2PP750A, ang 200756A (which are the 6.9-kilowatt power feeds from the Unit 2
train A 6. % kilovolt shutdown board to the 480-volt shutdown transformers
associated with Unit 2 480-volt shutdown boards 2A1-A and 2A2-A) are routed on
the ceiling to the rear of the Unit 2 train B 6.9-kilovolt shutdown board 28<8.
A postulated fire in this area could jeopardize both redundant trains of Unit 2
power distribution capabilities to safe shutdown systems.

TVA has enclosed cables 2PP759A, 2PP750A, and 2PP756A Tn a l-hour fire barrier
as 1t passes ‘through the Unit 2 train B 6.9-kilovolt shutdown board room. This
congition was fdentified by TVA's Appendix R re-evaluation interaction study
no. ¢.

As a result of the above fire protection modification and the sprinkler protec-
tion in the Unit 2 train B 6.9-kilovolt shutdown board room 734.0-A24, the
staff fings there is reasonadle assurance that, if a fire occurred in this

area, one train of Unit 2 power distribution capabilities would be maintained
free from fire damage.

In the Unit 2 train A 6. 9-kilovolt shutdown board 734.0-A2 from columns A3 and
Ad anc between column lines R ang U, the following safe shutdown cables
interact:

Cable ldentifier Safe 3hutdown Component

1PPEE0A unit 1 CCP A-A
1PPEE24A

e

1PPES3A
1PPE84L
1PPS56A
1PPEETA
1PPS8SA
1PLEL145A unit 1 CCP A-A auxiliary Tube oi)
1PLB14RA d g
1PLE147A
1PLElaga
1PL3002A Unit 1 CCP A-A room cooler and FCv-67-168
1PL30034A
1PL472%a Unit 1 CCP pump A-A
i;95628 Unit 1 CCP B-B
(61528 Unit 1 CCP B-B auxiliary lube oil
1PLE15SE S -
1PLE1568
1PL30138 Unit 1 CCP B-B room cooler and FVC-67-170
2PLAT338 CCW pump C-$
2P 47348
2PLAT7378
1PL47358
1PL47368

Thgs. - postg1atea fire in this area could render both redundant trains of
Unit 1 charging pumps inoperable
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TVA has enclosed cables 2PL47338 and 2PL4734B in a 1-hour fire barrier where
there is not 20 feet of separation from the train A functions associated with
the Unit 2 train A 6.9-kilovolt shutdown board room. TVA also has disconnected
cable 2PL47378 at the shutdown breaker. This will preclude spurious operation
of the CCW pump CS interlock function in the event of a fire in this area.

In adaition, TVA has rerouted the Unit 1 CCP-B cables in the Unit 2 train

A 6.9-kilovelt shutdown board room until there was 20 feet of separation from
the train A function. TVA also rerouted cable 1PL3003A associated with the
Unit 1 CCP cooler fan A-A to gain 20 feet of separation from CCW pump C-S.
These conditions were identified by TVA's re-evaluation interaction study

no. 66.

Thus, based on the staff's evaluation and approve! (May 29, 1986) of TVA's
outstanding Appendix R deviation requests, the above fire protection modifica-
tions, and the sprinkler protection in Unit 2 train A 6.9-kilovolt shutdown
board room 734 0-A2, the staff finds there is reasonable assurance that, if a
fire occurred in the area, one train of the CCP system will be maintained free
from fire damage.

In the Unit 1 480-volt shutdown board 1B1-8 room 734.0-A6, cables 18111 ang
1B161 (which are the 125-volt norma) countrol power feeds to Unit 1 480-volt
shutdown boards 1Al-A and 1A2-A) interact with 480-volt shutdown board 1B1-B
and associatea cables. Thus, a postulated fire condition in this area could
Jeopardize botn redundant trains of the 480-vo)t power capabilities to safe
shutdown equipment.

TVA has rerouted conduit 1B20! and junction box 1622 (which contains cables
1841, 1B14], 1B111, and 1B16]) as they pass through the Unit 1 480-volt
shutdown boarc room 1B1-B. This condition was identified by TVA's Appendix R
re~evalyaion interaction study no. 80.

As a result of the above fire protection medification and the sprinkler protec-
tion in the 480-volt shutdown board room 734 0-A6, the staff finds there is
reasonable assurance that, if a fire occurred in this area, one train of the
480-vo't power cistribution capabilities would be maintained free from fire
camage.

Auxiliary Building, Elevation 749'-Q"

In the Unit 2 train B 480-volt transtormer room 749.0-A10, cables 2PL4975A

anc 2PL4S78A from 480-volt shutdown boards 2A1-A and 2A2-A to diese' generator
auxiliary boards 2A1-A and 2A2-A interact with the 480-volt shutdown and
emergency transformers 1B1-8, 182-B, and 1B-B and assocfated cables to diese)
generator auxiliary boards 2B1-B and 282-8B. Therefore, a postulated fire in
this area could cause a loss of al) Unit 2 onsite power capabilities to safe
shutdown systems.

TVA enclosed cables 2PLAS75A and 2PL4S78A in a 1-hour fire barrier as they

pass through *he Unit 2 train B 480-vo)t transformer room.  This condition

was igentified by TvA's Appendix R re-evaluation interaction study no. 11,
Baced on the above fire protection modification and the sprinkler protection in
the 480-volt transformer room 7435.0-410, the staff finds there is reasonable
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assurance that, if a fire occurres in this area, one train of the Unic 2 onsite
power distribution capabilities will be maintained free from fire damage.

Power cablds PP710B, PP7118, PPSS0B, and PP5S1B to the Units 1 and 2 train

B 6.9-kilovolt shutdown boards interact with the Unit 2 train A 480-volt
reactor motor-operated valve (MOV) boards and associated cables at the conduit
bank near column A-11 and column line I in the Unit 2 train A 480-volt reactor
MOV board room 749.0-Al6. Therefore, a postulated fire in this plant area
could jeopardize the operation of all Unit 2 train A safe shutdown MOVs and
Unit 2 train'8 safe shutdown equipment .

TVA has enclosed 6.9-kilovolt shutdown boards 1B-B and 2B-B power supply cables
PPT10B, PP7118, PP5308, and PP531B in a 1-hour fire barrier as they pass
through the 480-volt reactor MOV board room 2A. This modification was fdenti-
fied by TVA's interaction study no. 14.

Thus, as a result of the above fire protection modification and the sprinkler
protection in the Unit 2 train A 480-volt reactor MOV board room 740.0-Al6, the
staff finds there is reasonable assurance that, if a fire occurred in this area,
Unit 2 train B 6.9-kilovolt power distrioution capabilities will be maintained
free from fire damage

Cables 1PLA9B2B and 1PL4SE5E from the linit ) 480-volt shutdown boards 1B1-B and
182-8 to the diese) generator auxiliary boards 1B1-B and 1B2-B interact with
the 480-volt shutdown anu emergency transformers 1A1-A, 1A2-A, ano lA-A in the
Unit 1 train A 480-volt shutdown transformer room 749.0-A7. Postulating a fire
17 Lhis plant area could cause & loss of a)) Unit 1 onsite power capabilities
te safe shutdown systems.

TVA has enclosed cables 1PLA9B2E and 1PL4385E in a 1-hour fire barrier as they
Pass through the Unit 1 train A 480-volt shut_own transformer room. This
condition was identifies by TVA's interaction stugy no. 10.

Based on the sprinkler protection in the Unit 1 train A 480-volt shutdown
transformer room and the above modification, the staff finds there is reason-
able assurance that, if a fire occurred in this area, one train of the onsite
POver capabiiities for Unit 1 would be maintained free from fire damage.

Auxiliary Building, Elevation 75§'-0"

In Unit 2 contro) rode=dri,en equipment room 759.0-A3, cables 2PLA975A and
2PLASTBA from Unit 2 480-vn't shutdown boards 2A1-A and 2A2-A to the diese)
generator auxiliary beard meract with cables 2PL4982B and 2PL49BSE from the
Unit 2 480-volt shutdown boaras 2B1-B and 2B2-B to the diese) generator hoards
In adgdition, cables PPSS0B, PPSI1B, PP7108, 1PPB20B, and 2PPB20B to dierse’
generators 1B and 2B are located in this area. Thus, a postulated fire in this
area could cause a Toss of heating, ventilation and air conditioning (MVAL),
diesel fuel transfer, and ERCW support systems to emergency diesel generators
2A and 28B.

TVA has enclosed cables 2PL4S75A and 2PLAS78BA in a 1-hour fire barrier as

they pass through the Unit 2 control rod-driven equipment room. This condition
wss Tdentified by TVA's interaction study no. 13.
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As a result of the above fire protection modification and the sprinkler protec-
tion in control rod drive equipment room 759.0-A,, the staff finds there is
reasonable assurance that, if a fire occurred in this area, the A train of
those systems necessary to support Unit 2 onsite power capabilities will be
free from fire damage.

Cables 1PL4S82B and 1PL4985B %2 Unit 1 diesel generator auxiliary boards 1B1-B
and 1B2-B interact with train 4 480-volt cables 1PL4975A and 1P14978A to Unit 1
diesel generator auxiliary bcards 1Al-A and 1A2-A in Unit 1 control rod drive
equipment room 759.0-Al1. A postulated fire in this plant area could cause a
loss of HVAC, diesel fuel transfer, and ERCW support systems to diese)
generators 1A and 1B.

TVA has enclosed cables 1PL4982B and 1PL4985B in a 1-hour fire barrier as
they pass through the Unit 1 control rod drive equipment room. This condition
was identified by TVA's interaction study no. 12.

Thus, as a result of the above modification and sprinkler protection in the
Unit 1 control rod drive equipment room 759.0-Al, the staff finds there is
reasonable assurance that, if a fire occurred in this area, one tra‘n of those
systems necessary tc support Unit 1 onsite power capabilities would be main-
tained free from fire damage.

Auxiliary Building Between Elevations 669'-0", 690'0", and 714'-0"

Near the unprotected north stairway opening associated with the auxiliary
building common area from columns A4 to AS and between column lines § and

T on elevation 669 -0", cable 15G220A for dc control power to the turbine-
driven auxiliary feedwater pump interact through this opening with cables
1PPoSUA, 1PPBS52A, 1PP662B, and 1PP664B for the 1A-A and 1B-B motor-driven
auxiliary feedwater pumps and 15G2218 for alternate dc contro) power to the
turoine-driven auxiliary feedwater pump on elevation 690'<0". In addition,
cables 1PP700B, 1PP712B, 2PP700B, and 2PP712B for ERCW pumps L-B, N-B, M-B, and
P-B on elevation 630'-0" interact through this opening with cables PP328A,
PP330A, PP448A, and PP450A associated with diese)l generator heat exchanger
valves 1-FV(-87-66 and 2-FCV-67-66 on elevation 714'-0". Thus a postulated
fire on elevation 669'-0" in the areu of the unprotected stairway opening could
jeopardize ERCW to Units 1 and 2 diesel generators and impact the operability
of both Unit 1 redundant motor-driven and turbine-driven auxiliary feedwater
pumps.

In regard to interacticn studies nos. 104 and 6, TVA has installed additiona)
closely spaced sprinklers around the perimeter of the north stairway at each
elevation. When the sprinkler is actuated, this arrangement will form a water
curtain, which should preclude fire propagation from one auxiliary building
elevation to another.

Therefore, based on the staff's evaluation and approval (May 29, 1986) of TVA's
outstanding Appendix R deviation requests and completion of the sprinkler water
curtain around the north stairway opening, the staff finds that there will be
reasonable assurance that, if a fire occurred in the area of the stairway, one
train of the Units 1 and 2 ERCW and Unit 1 AFW systems would be maintained free
of fire damage.
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In the area of the unprotected south stairway opening associated with the
auxiliary building comon area from columns All and Al2 and between column
lines S and, T on elevation 669'-0", cables 25G220A for dc control power to

the turbine driven auxiliary feedwater pump interact through this opening

with cables 2PP662B, 2PPH64B, ZPP650A, and 2PP652A for the Unit 2 train A

and B motor-driven auxiliary feedwater pumps and 25G2218 for alternate dc
control power to the turbine-driven auxiliary feedwater pump on elevation
690'-0". In addition, on elevation 669'-0", cables 2PP550A, 2PP552A, 2PP562B,
and 2PP564B for charging pumps 2A-A and 2B-B interact through this opening with
2PLA731A, 2PL4734B, 2PL4742E, 2PL4743B, and 2PL4748A for Unit 2 train A, train
B and common component cooling system pumps on elevation 690'-0" and cables
2PL4725A, 2PL4726A, and 2PL4732A for component cooling system Unit 2 train A
pump 2A-A on elevation 714'-0". Therefore, a postulated fire on elevation
665'-0" in the area of the unprotected stairway opening could impact the
operability of both redundant trains of Unit 2 auxiliary feedwater capabilities,
charging pumps, and component cooling system pumps.

In regard to interaction studies nos. 57 and 101, TVA has installed additional
closely spaced sprinklers around the perimeter of the south stairway at each
elevation. When the sprinkler is actuated, this arrangement will form a water
curtain, which should preclude fire propagation from one auxiliary buildnrg
elevation to another.

Thus, as a result of the staff's evaluation and approval (May 29, 1986) of
TVA's outstanding Appendix R deviation requests and completion of the sprinkler
weler curtain around the sout’ stairway opening, the staff finds there will be
reasonable assurance that, if a fire occurred in the area of the stairway, one
train of the Unit ¢ AFW, CCP, and (CW systems would be maintained free from
fire damage.

3.1.2.2 Compliance with 10 CFR 50, Appendix R, Section III.J (SNPP Part 7.2.2)

The new fire shutdown logic (SDL) identified additional plant areas where
operator action is required, necessitating additional emergency lights in these
areas and in access/egress routes. Some of the emergency lights had 25-watt
lamps, whereas 10-watt lamps must be used to ensure there is an 8-hour capacity.
As an interim measure, the operations staff had portable battery-powered
lighting to use if the norma) lighting, standby lighting (onsite powered), and
dc lighting (station batteries) systems fail. Design changes were made to
replace the 25-watt lamps with 10-watt lamps and to add more than 50 additonal
1ight packs in various plant areas.

Ouring July 7 through 11, 1986, the staff conductec a site visit and verified
the adequacy of the emergency lighting. For a fire wi thin the control room,
TVA procedure A0I-27 (Contro) Room Inaccessibility (Revision 5)), lists a
number of manual oparations required for plant shutdown. Manual operations
must be conducted in the following plant areas:

v 6.9-kilovolt shutdown board rooms A and B for each unit

. 480-volt shutdown board rooms (four rooms/unit)

. 480-volt reactor MOV board rooms (four rooms/unit)

v diesel generator building, 480-volt diese) generator auxiliary board rooms
(four rooms)
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Ouring the site visit, emergency 1ighting tests were conducted in electrical
board rooms 734 0-A2, 734.0-A5, 749.0-A15, and 749.0-A16. Based on these
tests, the Jdighting provided in these rooms met the minimum requirements of
Appendix R, Section :11.J.

3.1.2.3 Compliance with 10 CFR 50 Appendix R, Section III1.0 (SNPP Part 7.2.3)

The drain piping between the RCP motor 0i)l collection basins and the con-
tainment flogr (oil drains to the auxiliary reactor building sumps) is designed
to Category I requirements so the piping will not fail during a safe shutdown
earthquake and damage nuclear safety-related equipment. This drain piping to
the auxiliary reactor building sump has not been designed to maintain its
pressure boundary integrity after a safe shutdown earthquake. The RCP motors,
the lubricating oil systems, and the auxiliary reactor building sump are
designed to seismic Category I requirements so they will not fail during a safe
shutdown earthguake. Therefore, random oil leaks are not assumed to occur
simultaneously with a design event because of the system design. TVA contends
that the total system provides more than reasonable assurance that a RCP motor
lubrication ¢i' fire will not occur as a result of a seismic event. Assuming
then only a random single failure, the oil collection system would only be
required to hold the oil resulting from the largest spill resulting from that
single failure.

The sump vents do not require the installation of flame arresters because the
high flashpoint characteristics (390°F) of the RCP motor lube oil preclude the
hazard of fire flashback.

Based on the above system description and the staff's evaluation and approval
(May 29, 1986) of TVA's outstanding Appendix R deviation requests, the staff
finds Lhere is reasonable assurance that the existing RCP oil collection system
provides an equivalent level of fire safety to that required by the technica)
requirements of 10 CFR 50, Appendix R, Section 111.0.

3.1.2.4 Interim Compensatory Fire Protection Meas res (SNPP Part 7.2.4)

In accordance with the NRC's Confirmatory Action Letter issued August 10,

1984, TVA established roving firewatchers to provide continued surveillance of
selected areas in the auxiliary building, control building, and the turbine
building. These firewatchers covered areas of the plant that contain cable/
safe shutdown system interactions that did not meet the requirements of 10 CFR
50, Appendix R, Section III.G. In addition, these roving firewatchers were
required to cover their assigned areas at least once an hour and document their
actions in accordance with TVA's Operations Section Letter Administrative 73.

Currently, the staff finds that all the Appendix R deficiencies have been
corrected, with the exception of the completion of the spray systems in the
480-volt board rooms and the source range nuclear instrumentation. Therefore,
the plant areas associated with the 480-volt board rooms and the source range
modification are the only areas in which fire watches are required.

3.1.3 Conclusion

Based on its evaluation, the staff has concluded that upon completion of the
fire modifications and implementation of the procedural corrective actions
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associated with TVA's deviation requests as identified in the staff's SERs of
May 29 and October 6, 1986, TVA's Appendix R program will provide an acceptable
levei of fire protection, equal to that required by 10 CFR 50, Appendix R,
Sections II1.G, I11.J, II1.L, and 111.0.

3.2 Environmenta) Qualification of Electric Equipment Important to Safety

3.2.1 Compliance with 10 CFR 50.49
3.2.1.1 Introduction

A licensee must demonstrate that equipment that is used to perform a necessary
safety function is capable of maintaining functional operability under all
service conditions postulated to occur during its installed life for the time
it is required to operate. This requirement (which is in Genera) Design Cri-
teria (GOC) 1 and 4 of Appendix A and Sections IIT, XI, and XVII of Appendix B
to 10 CFR 50) is applicable to equipment located inside as well as outside con-
tainment. More detailed requirements and guidance relating to the methods and
procedures for demonstrating this electrical equipment capability are in

10 CFR 50.43, "Environmental Qualification of Electric Equipment Important to
Safety for Nuclear Power Plants": in NUREG-0588, "Interim Staff Position on
Environmental Qualification on Safety-Related Electrical Equipment” (which
supplements IEEE Standard 323 and various NRC regulatory guides and industry
standards), and "Guidelines for Evaluating Environmental Qualification of
Class 1E Electrica)l Equipment in Operating Reactors" (Division of Operating
Reactors (DOR) Guidelines).

On February 8, 1979, the NRC Office of Inspection and Enforcement (IE) issued
to all licensees of operating plants (except those included in the systematic
evaluation program (SEP)) 1E Bulletin (IEB) 79-01, "Environmental Qualification
of Class 1f Equipment.” This bulletin, together with 1€ Circular 78-08 (issued
on May 31, 1978), required the licensees to review the adequacy of their envi-
ronmental qualification programs.

On January 14, 1980, NRC issued IEB 79-01B, which included the DOR Guidelines
and NUREG-0588 as attachments 4 and 5. Commission Memorandum and Order
CLI-80-21, issued on May 23, 1980, stated that licensees must meet the DOR
guidelines and portions of NUREG-(588 regarding environmental qualification of
safety-related electrical equipment to satisfy those aspects of GOC 4. Supple-
ments to IEB 79-018 further clarified and defined the staff's needs. These
supplements were issued on February 29, Septemter 30, and October 24, 1980.

In addition, the staff inco~porate license conditions into the license for the
Sequoyah Unit 1 requiring that TVA (1) pruvide a report, by November 1, 1980,
documenting the qualification of safety-related electrica) equipment, (2)
establish, by December 1, 1980, a central file location for the maintenance of
all equipment qua'if, ‘ation records, and (3) comply with NUREG-0588 by June 30,
1982. Item (3) also was included in the licensee for Unit 2m which was issued
in 1981,

The staff issued an SER on environmenta) qualification of safety-related
electrical equipment to TVA on June 23, 1981. This SER directed TVA to "either

provide documentation of the missing qualification information which demon=
strated that safety-related equipment meets the DOR Guideli:.es or NUREG-0588
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requirements or commit to a corrective action [requalification, replacement
(etc.)]." TVA was required to respond to NRC within 90 days of receipt of the
SER. In response, TVA submitted additional information regarding the quali-
fication of safety-related electrical equipment. This information was evalu-
atea for the staff by the Franklin Research Cenver (FRC) to (1) identify all
cases where TVA's response did not resolve the significant qualification
issues, (2) evaluate TVA's qualification documentation in accordance with
established criteria to determine which equipment had adequate documentation
and which did not, and (3) evaluate TVA's qualificatiom documentation for
safety-related electrical equipmunt located in harsh environments required for
implementation of TMI Lessons Learned. FRC issued a Technical Evaluation
Report (TER) on March 31, 1983. The staff issued an SER on April 26, 1983,
with the FRC TER as an attachment.

A final rule on environmenta) qualification of electric equipment important to
safety for nuclear power plants became effective on February 22, 1983. This
rule, 10 CFR 50.49, specifies the requirements for electrical equipment
important to safety located in a harsh environment. In accordance with this
rule, equipment for Sequoyah Units 1 and 2 may be qualified to the criteria
specified in either the DOR guidelines or NUREG-0588, except for replacement
equipment. Replacement equipment installed after February 22, 1983, must be
qualified in accordance with 10 CFR 50.49, using the guidance of Regulatory
Guide (RG) 1.89, unless there are sound reasons to the contrary.

The staff met with each licensee for whom FRC had prepared a TER to discuss all
remaining open issues regarding environmental qualification, including the
cceptability of the environmental conditions for equipment qualification

purposes, if this issue had not yet been resolved.

On May 10, 1984, the staff and TVA met to discuss TVA's proposed method to
resolve the environmental qualification deficiencies identified in the staff's
SER and FRC's supporting TER transmitted on April 26, 1983. Discussions also
included TVA's general methodology for compliance with 10 CFR 50.49. The
minutes of the meeting and proposed method of resolution for each of the
environmental qualification deficiencies are documented in TVA submittals by
letters dated March 26, December 23, 1985 and January 29, 1986.

On August 21-22, 1985, TVA shut down both Sequoyah units because of concerns
that documentation at TVA nuclear sites might be inadequate for environmental
qualification of electrical equipment within the scope of 10 CFR 50.49. This
decision was based on the results of a TVA management review of the environ-
mental qualification activities for compliance with 10 CFR 50.49 (conducted by
TVA staff and Westec Services, Inc.). Based on this decision and the results
of the review, TVA initiated an in-depth program to ensure that environmental
qualification of al)l electrical equipment within the scope of 10 CFR 50.49 was
established at Sequoyah and all other TVA nuclear sites.

3.2.1.2 Evaluation

Summary of Review

The staff evaluation of TVA'; electrical equipment qualification program is
based on the results of a review of (1) TVA's proposed resolutions of the
equipment qualification deficiencies identified in the SER and TER; (2) TVA's
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dependent. Other systems or equipment necessary to support these systems were
also identified by TVA.

From the safety systems identified above, TVA conducted a survey of the safety-
related equipment within the potentially harsh environment that resulted from a
DBE. This survey was conducted using electrical instrument tabulations,
mechanical piping drawings, mechanical heating and ventilation drawings,
instrumentation and control drawings, eiectrica)l equipment drawings, and
conduit and grounding drawings to identify the safety-related components. TVA
verified the equipment qualification by a field survey of the installed com-
ponents to certify proper correlations between the qualification documents and
the in situ equipment.

TVA determined that DBEs in the area covered by 10 CFR 50.49 are high-energy
line breaks (HELBs) both inside and outside of containment and loss-of-coolant
accidents (LOCAs). Equipment in the 10 CFR 50.49 program was evaluated for the
harsh environments through which it must function and/or not fail. These en-
vironments include flooding both inside and outside containment as a result of
a DBE.

TVA also evaluated other accidents in Chapter 15 in the Sequoyah FSAR that did
not fit tne 10 CFR 50.49 DBE definition as interpreted above, but that have the
potential t¢ produce environments more severe than those encountered during
normal operation or anticipated operational occurrences. These accidents are
the waste gas decay tank rupture (WGDTR), the fue! handling accident (FHA), and
the steam generator tube rupture (SGTR). The WGDTR and SGTR do not produce
unusual temperature or pressure environments, and the radiation environments
associated with them are not significant. Radiation doses tc equipment neces-
sary for mitigation of these events are less than 10% rads. The FHA results in
relatively mild radiclogical consequences that are restricted to zones-of-
influence about the auxiliary building gas treatment system (ABGTS) charcoal
beds in both units. The only equipment in the scope of 10 CFR 50.49 affected
by the FHA is reflected in the category and operating times document for
Sequoyah and is qualified to more harsh environments than that produced by the
FHA,

In summary, the 10 CFR 50.49 DBEs at Sequoyah that produce harsh environments
are those events which are LOCAs and HELBs inside containment and outside
contafinment. The FHA, occurring in the fuel handling area, is the only other
Sequoyah FSAR Chapter 15 event which produces a harsh environment.

TVA environmental data drawings are design output documents that identify and
define the conditions of all harsh zones that contain 10 CFR 50.49 scope equip-
ment. These harsh zones result from the DBEs. A1) environmental parameters
necessary for design, procurement, and qualification of equipment in accordance
with 10 CFR 50.49 are specified on these drawings. These parameters include
normal, abnormal, and accident values for temperature, pressure, relative
humidity, radiation (expressed as a 40-year integrated dose and an accident
dose), flooding level (from a LOCA and HELB including contribution from spray),
and spray chemistry., LOCA and HELB pressure, temperature, and relative
humidity profiies are provided. The environmental parameters shown on the
drawings are derived from a number of supporting calculations that are
referenced on the drawings.
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TVA's approach for identifying equipment within the scope of 10 CFR 50.49(b)(1)
's in accordance with the reguirements of that paragraph, and, therefore, is
acceptable..

The paragrephs below summarize the method used by TVA to identify electrica)l
équipment within the scope of 10 CFR 50.49(b)(2), "Nonsafaty-related electric
equipment whose failure under postulated environmental conditions could prevent
satisfactory accomplishment of safety functions...."

Electrical equipment that is not safety related and is exposed to hareh acci-
dent environments must not fail in a manner that can prevent safety-related
electrical equipment from performing its safety function. In response to If
Information Notice 79-22, TVA evaluated devices that ire not safety related for
their potential to adversely affect safety-related devices as a result of
environmentally induced failures. Flow, control and logic diagrams for all
safety-related process systems were reviewed to determine al) interfaces with
equipment that is not safety related. Detailed wiring diagrams were used if
the rature of an interface was not clear from the contro) and logic diagrams.
Each interface with equipment that is not safety related was evaluated for its
potential to adversely affect safety functions, and the results were
documented

The result of this study showed that six devices (three per unit in the re-
sidual heat removal (RHR) system) that are not Class 1E have the potential to
adversely affect RHR. However, a failure modes evaluation of these devices
concluded that the devices would not adversely affect RHR if tteir cables were
environmentally quali“ied. These cables are environmentally qualified and have
Leen added to the appropriate binders and the "10 CFR 50.49 List" to ensure
their continued qualification. The evaluation also identified cases where
disruptive signals could be generated, but in each case the operator has suf-
ficient indication of the cvent and sufficient time to take corrective action.

TVA performed separate evaluation of the Clas: 1E power system to investigate
the effects of envirnnmentally ‘nduced failures. The design basis of the Class
1E power systems includes protective features for coordinated, selective clear-
ing of single random faults ans overloads. Most failures of non-qualified
equipment from envirormental causes will occur in a random fashion. The Class
1€ power system is therefore adaqiately protected by its own design for most
environmentally induced failures. The operation of this electrical protection
was examined in analyses done to verify the protection of primary containment
electrical penetrations and in analyses done to identify associated circuits as
defined for 10 CTR 50, Appendix R. The protection has been shown to saticfy
its design basis. Submergence and spray effects may, however, cause multiple
non-qualified electrical equipment and cable termination faults. This type of
failure is outside the design basis of the Class )€ power system. OQevices and
Junction boxes exposea to containment spray or to submergence inside
containment or to submergence outside containment that are not qualified for
these conditions have been identified. Evaluations of the effects of multiple
faults from these circuits on the ability of the Class 1E power system to
provide power %o essential equipment show that unacceptable degradation of the
Class 1E power system would not occur.
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The staff finds the methodology being used by T\~ acceptable because it
provides reasonable assurance that equipment witinin the scope of
10 CFR 50.49(b)(2) has been identified.

With regard to 10 CFR 50.49(b)(3), TVA evaluated exigting system arrangements
and identified equipment for the variables defined in RG 1.97, Revision 2. TVA
has submitted for staff review a report out11n1ng e results of the review and
schedules for modifications. Because the review is not complete, some of the
equipment items jointly within the scope of NUREG-0737 and RG 1.97 have not
been included in the 10 CFR 50.45 scope. When the RG 1.97 report and equipment
lists contained therein have been finalized and accepted by the staff, 6 appro-
priate equipment not already in the 10 CFR 50.49 scope will be added in accor-
dance with the RG 1.97 implementation schedu'e.

TVA will complete environmental quali“icition of the applicable FSAR Class 1E-
designed instrumentation and the F3A'. post-accident monitoring (PAM) instrumen-
tation before plant restart For those instruments already added to the plant
because of a commitment to meet post-TMI requirements (NUREGs-0578 and -0737),
TVA will complete its environmental qualification in accordance with its
responses to those NUREGs or any extension granted with respect to those
responses.

For instrumentation that is not considered operable or not installed but that
will be complete by the fourth refueling cycle for both units in accordance
with the implementation schedule for RG 1.97 or post-TMI NUREGs, environmental
qualification will be complete whe) the equipment is installed and operable.
For that instrumentation that exists at the plants but that was not included in
the original PAM instrumentation set but that will be Catagory 1 or 2 RG 1.97
instrumentation, TVA will complete environmental qua'ification in accordance
with the 1mp1ementation schedule for RG 1.97.

TVA has investigated whether proper consideration of the equipment used in
execution of emergency cperating instruction (£01) requirements has been given
in the development of the 10 CFR 50.49 equipment s-ope. The following were
consigered:

(1) Does the plant operator have reliable instruments to identify and mitigate
the consequences of DBEs?

(2) Have those instruments been marked to indicate their importance to the
plant operator?

TVA's installed PAM indicators are specifically identified to the main contro)
room operator. The indicators are marked either Pl or P2, which indicates the
function these indicators fulfill as PAM channel 1 or PAM channel 2. This
method of marking the indicators on the main control room boards shows their
importance (rather than requiring that they be singled out in the plant
procedures as being environmentally qualified and safety related).

These installed PAM indicators are served by instruments (e.g., transmitter)
that are qualified to meet the 10 CFR 50.49 requirements. When other activi-
ties are implemented (in accordance with NUREG-0700 and RG 1.97), instruments
presently installed but not requiring specific identification and qualification
may have to be upgraded.
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TVA has concluded that the PAM equipment that will be insta)led and qualified
at plant restart wil) give the operator the information necessary to identify
and mitigatp DBEs and wil)l be approp ‘ately marked to indicate its importance.

The staff finds TVA's approach to identifying equipment within the scope of
10 CFR 50.49(b)(3) acceptable because it s in accordance with the requirements
of that paragraph.

3.2.1.3 Conqlusions

On the basis of its evaluation, the staff has reached the following conclusions
with regard to the qualification of electric equipment important to safety
within the scope of 10 CFR 50.49:

(1) The Sequoyah electrical equipment environmental qualification program
complies with the requirements of 10 CFR 50.49.

(2) TVA's proposed resolutions for each of the environmental qualification
deficiencies identified in the staff's SER and the FRC's TER are
acceptable.

The staff's findings regarding compliance with 10 CFR 50.49 rely on certain
modifications/replacements that must be completed for the affected equipment to
be qualified. 1In al) cases, TVA is aware of what modifications or replacements
are required. However, as a confirmatory action, before restart, TVA wi ) pe
required to certify that all field work has been completed. The staff wil)
verify completion

3.2.2 Superheat Transient (Main Steam Temperature Issue)

TVA designed Sequoyah to withstand an unisolable break in a main steam line
either inside containment or in the main steam valve vaults (MSVVs) located
outside containment. As part of this design the electrical equipment used
during this accident would be required to operate in the high temperatures
generated by such a line break. After the plant was completed, the information
on which the design was based was changed by Westinghouse. This resulted in
increased accident peak temperatures in containment and the valve vaults. As a
consequence, the design of the equipment located in these areas required re-
evaluation. This issue is discussed in Section II1.6 of the SNPP.

3.2.2.1 Main Steam Line Break in Main Steam Valve Vaults

This is an issue generic to recirculating steam generators and is not peculiar
to Sequoyah. The issue arises from the consideration that during certain pos-
tulated line break accidents, portions of steam generator tubes will be un-
covered. This uncovering would result in the release of superheated steam
rather than saturated steam. This issue of higher temperatures during a main
steam line break (MSLB) was initially considered for inside containment; how=-
ever, TVA also identified it as an issue in the MSVVs. The valve vaults are
adjacent to the containments for Units 1 and 2. Each unit has two vaults (east
and west valve vaults),

TVA considered three options in resolving this issue and chose the option of
having Westinghouse re-analyze the MSLB in the valve vault using an updated
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containment/subcompartment computer code, COMPACT. This code models buoyancy
due to steam temperature, which is an important model for the vaults because it
accounts for the chimney effect which is physically present in the vaults. The
code shows that outside air is pulled into the vault, which produces a
significant temperature reduction. By letter dated August 13, 1986, TVA sub-
mitted a report, "Main Steamline Break Environmental Qualification Study for
TVA Sequoyah Units 1 and 2 Main Steam Valve Vaults."

The mass and energy release data from Westinghouse Topitcal Report WCAP-10961,
Revision 1, were used as input t. the Westinghouse computer code COMPALT for
calculating the temperature profiles in the valve vaults. TVA then performed a
thermal lag analysis to obtain the component temperature response.

Mass and Energy Release Data

The mass and energy release data for Sequoyah are in "Category 2" of
WCAP-10961, which was prepared under the auspices of the Westinghouse Owners
Group High Energy Line Break/Superheated Blowdown Outside Containment subgroup
program.

The Westinghouse computer code LOFTRAN was used for this calculation. The code
was modified to account for heat transfer to the steam during steam generator
tube bundle uncovery. (This modification is described in WCAP-8822, Supple-
ment 1, which the staff acknowledged as acceptable by letter dated May 27,
1986. )

TVA postulated a spectrum of breaks, including a double-ended 1.4-square-foot
rupture of the steam line, a 0.9-square-foot break upstream of the main steam
1ine check valve, and a 0.9-square-foot break downstream of the main steam line
check valve. The 1.4-square-foot break results in automatic isolation of the
main steam isolation valves (MSIVs) and the most rapid uncovering tube bundle,
anc, therefore, the eariiest onset of superheat. The 0.9-square-foot break up-
stream of the check valve is similar to the 1.4-square-foot hreak except that
the blowdown rate is lower and the duration of blowdown is Ya:nger. Even though
automatic isolation of the MSIVs does not occur, the check va'.ve prevents the
other three steam generators from blowing down. The 0. 9-s.uare-foot break
downstream of the check valve does not initiate MSIV closure, and, therefore,
all four steam generators Llow down. As a result, the tube bundle is uncovered
late in the transient. The total blowdown energy from the four steam
generators is significantly higher than that from one steam generator. The
results of the analyses indicate that the 0.9-square-foot break downstream of
the check valve is the limiting case.

Compartment Temperature and Component Thermal Lag Analyses

In calculating compartment temperiture profiles using the COMPACT computer
code, the buoyancy force due to temperature stratification and the density of
the steam are represented by the gravity term in the momentum equation. TVA
found that buoyancy initiates a natural circulation pattern that pulls cold
outside air into the vault and pushes hot air out through the blowoff roof
panel. Natural circulation significantly reduces the temperature in the vault.
The natural circulation phenomenon and its effects were originally identified
in the COMPACT code calculations and later confirmed by a TVA calculation using
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the RELAPS computer code. They were also confirmed by the staff's consultant,
Battelle Pacific Northwest Laboratory (PNL), using the COBREE computer code.

In the calcb1ation of the valve vault temperature response, the concrete walls
and steel structures were counted as heat sinks. Condensation heat transfer
based on the Uchida correlation was modeled until the surface temperature
reached the saturation temperature corresponding to the pressure in the vault.
Afterwards, natural convective heat transfer was nodelgp. For the components,
different heat transfer coefficients were used to maximize the component sur-
face temperature responses. Four times the Uchida correlation and forced-
convection, heat-transfer coefficients were used in modeling the condensing
mode and saturation mode, respectively. This approach is conservative and in
accordance with the staff guidance in NUREG-0588 It is, therefore,
acceptable.

Results of the Analysis

westinghouse analyzed six cases for the two valve vaults using the COMPACT com-
Puter code. The rapid blowdown of the steam generator for the 1.4-square-foot
and 0.9-square-foot breaks upstream of the check valve cause natura) circula-
tion to occur early in the transient. Therefore, the cooling effect of natural
circulation mitigates the temperature rise in the valve vaults. However, the
0.9-square-foot break downstream of the check valve results in all four steam
generators blowing down and delays the natural circulation effect. This deiay
results in a higher vault temperature. The results in the TVA submittal in-
dicate that the 0.9-square-foot break downstrear of the check valve in the west
valve vault is the worst case. For this case, the vault air temperature rises
to 302°F from 140°F in the first 10 seconds after the break. Thereafter, the
vault air temperature slowly rises to 323°F by 250 seconds. At that time, the
tube bundles start to uncover; the vault temperature increases to 430°F at
about 510 seconds, and stays at about 430°F for 70 seconds. At 543 seconds,
the mass release rates have dropped enough for natural circulation teo begin.
Natural circulation and the termination of the blowdown at 600 seconds cause a
rapid cooldown of the vault to temperatures below 200°F,

A sensitivity study showed that the results are not sensitive to the nodaliza-
tion model chosen for the valve vault. A blowoff roof flow area sensitivity
study also showed that the compartment air temperature rise is only slightly
sensitive to the flow area.

The resulting surface temperature profile for a MSIV is shown in Figure 6.3-5
of the TVA report submitted August 13, 1986. The peak temperature is 365°F.
The resulting surface temperat. e profiles of an ASCO solenoid valve and con-
duit are shown in Figures 6.3-11 and 6.3-19, respectively, of the TVA report.
The peak temperature is about 380°F in both cases. These peak component sur-
face temperatures are higher than the qualification temperature limit of 325°F,

Confirmatory Analyses Performed by TVA and PNL

Westinghouse performed the analyses discussed above for TVA, using the COMPACT
computer code. TVA performed an independent, confirmatory analysis using the
RELAPS computer code. The results based on RELAPS are similar to those
obtained using COMPACT with respect to the shape of the temperature profiles
and the phenomenon of natura) circulation. The predicted timing of the
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temperature spike and the onset of natural circulation cooldown were in close
agreement in the two calculations. The predicted peak temperature and
steady-state temperature values also were close, with the RELAPS results being
somewhat higher.

Using RELAPS, TVA analyzed additional cases assuming a smaller break size (0.3
square feet) and different initial power levels (102 percent and 70 percent).
The effect of initial power on the vault temperature response was
insignificant, and the temperature response for the sma)ler break size was less
severe. Therefore, TVA believed that the spectrum of break sizes chosen in the
westinghouse COMPACT analysis was acceptable. The staff agrees with TVA on the
adequacy of the break spectrum analyzed.

At the staff's request, PNL performed an independent confirmatory analysis
using the COBREE computer code. (This code has previously been used for the
calculation of compartmental pressure/temperature response following a postu-
lated HELB.) The results of the PNL analysis show good agreement with the
shape and timing of the temperature profiles obtained for the three cases
analyzed in the Westinghouse COMPACT analysis (the 1.4-square-foot break, the
0.9-square-foot break upstream of the check valve, and the 0.9-square-foot
Oreak downsteam of the check valve in the west valve vault). The PNL results
confirm the effect of the natural circulation phenomenon identified in the TVA
analysis. Quantitatively, the COBREE calculations predicted higher room
temperatures but lower conponent surface temperatures. One of the main reasons
for this is the way in which the COBREE code models heat transfer. The current
version of the COBREE crde used the same heat transfer coefficient for struce
ural heat sinks and sa‘ety-related components. The COMPACT code, however,
minimizes heat transfer to the structura)l heat sinks and maximizes the heat
transfer to the safety-related components. This approach is more conservative
for component s face temperature calculations and is consistent with the
guidance in NUREG-NS588. Therefore, the staff finds the component surface
temperature profiles calculated with the COMPACT code to be acceptable for
equipment qualification.

Interna! Heat Transfer

TVA analyzed the thermal response of electrica)l components to the surface
temperature profiles to show that the internal temperatures reached during the
MSLE are bounded by the internal temperatures from the quantification testing.

This modeling methodology was the subject submittals to the NRC as well as
several meetings with the NRC concerning the acceptability of using the metho-
dology for establishing environmenta) qualificatior of equipment. A detailed
review and technical evaluation of the licensee's submittals on this issue was
conducted by Franklin Research Center (FRC) under ccntract to the NRC. The
results of that work were reported in FRC Technical Evaluation Report TER-
C550€-658, "Review of Therma)l Analysis of Electrica) Equipment for Main Steam
Line Break Environmental Qualification, Sequoyah Units 1 and 2," dated May 8,
1987. This TER is included as Appendix C to this SER. NRC staff has reviewed
the TER and the staff agrees with the conclusions in the FRC TER that there is
reasonable assurance that the heat transfer modeling accurately reflects com-
porent temperatures during a MSLB. Where assumptions were required during the
modeling, TVA maintained a conservative approach, providing additional assure
ance that the predicted component temperatures during the MSLB approach a
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components located in the MSVVs identified in Table 1 of the TER would not
exceed their qualified temperature profile during a MSLB and are considered
qualified for this condition. The staff further concludes that this method-
ology would be acceptable (with proper application) for demonstrating qualifi-
cation of equipment which was not included in Table 1 of the TER and was
located in the valve vaults.

3.2.2.2 Main Steam Line Break Inside Containment ‘

Westinghouse, on behalf of TVA and Duke Power, modified the LOTIC 111 computer
code to include the cooling effects of the ice melt water spraying out of the
ice condenser drains. A test program that included full-scale modeling of the
spray out of a drain was undertaken to support the changes to the LOTIC code.
A COBRA NC analysis was also performed to provide a very detailed analysis of
the containment temperature transient. This work is contained in two topical
reports, WCAP-10986 and -10988. These analyses showed that the spray effects
of the ice melt water totally offset the energy addition due to superheated
steam after tube bundle uncovery. The peak temperature inside Watts Bar
containment was reduced from 327°F to 315°F. Duke Power saw similar results
for its Catawaba plant,

|
worst-=case scenario. Therefore, TVA has effectively demonstrated that the

TVA reviewed the wWatts Bar analysis for applicability to Sequoyah and deter-
mined that a Sequoyah specific analysis was necessary. This additional analy-
$1s was required because of the minor differences between the two plants in
structural arrangements inside containment. The analysis used Sequoyah-
specific steam line break masses and energy releases. The results of this
analysis indicated that the current FSAR steam line break temperature profiles
were conservative and additional analysis was not required.

The staff concludes that the containment temperature profile is acceptable con-
tingent on the verification that the analysis contained in the Westinghouse
Reports WCAP-10986 ang =10988 is accurate. The staff's review of these reports

s being conducted on a generic basis and the results of the generic review
will be addressed separately.

3.2.2.3 Summary

The staff finds that this issue is resolved on the basis of the NRC staff re-
view of (1) the TVA main steam temperature issue discussion provided in

Part 111, Volume 2, SNPP Revision 1, March 1987; (2) the FRC TER-C5506-658,
May 8, 1987; and (3) the documentation evaluated during the April 6-10, 1987.
NRC environmenta) qualification inspection report 50-327/328 87-22.

3.3 Piece Part Qualification (Procurement )

3.3.1 Introduction

TVA Nuclear Safety Review Staff (NSRS) reports R-84-17-NPS and R-85-07-NPS
identified deficiencies in TVA's practices for the procurement of safety-
related replacement items. NRC Inspection Report 50-327/328 86-61, dated
Novembgr 14, 1986, cited related deficiencies which were classified as a
potential enforcement item (50-327/328 86-61-01) for failure to take corrective
action. Specifically, the TVA arogram could allow previously qualified
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equipment to be degraded by purchasing replacement components and parts as
commercial-grade, without documentation of its qualification and without
adequate dedication of the items by TVA.

while TVA has taken corrective action to improve the procurement program, TVA
had no programmatic requirements for the dedication of commercial-grade items
and had failed to address the effect that past procurement may have had on the
quality of installed equipment.

3.3.2 Evaluation

The staff evaluation of TVA's component and piece part qualification program is
based on a review of Section 12.0, Component and Piece Part Qualification," of
Part I1I, "Special Programs,” of Volume 2, SNPP, Revision 1, and of an April 1,
1987(b) TVA submittal.

TVA has established the Sequoyah Replacement Items Project (RIP); the three
primary goals of this project are to

(1) verify that previously qualified equipment (seismic and environmental) has
not been degraded through the use of spare and replacement items

establish programs and practices that will ensure that previously
qualified equipment (seismic and environmental) will not be degraded in
the future through the use of spare and replacement items

(3) involve the Division of Nuc.ear Engineering (ONE) in the procurement
process as an integral function

The major activities of the RIP project follow.

(1) Before restart TVA will review the plant's maintenance history to identify
the activities where safety-related components or items have been
replaced.

(2) Before restart TVA will perform an evaluation on previously installed 10
CFR 50.4% (environmentally qualified) replacement items and on seismically
sensitive components that are installed within the Phase 1 DBVP boundary.

Before restart TVA will establish a cenditional release program for
Quality Level Il items. This conditional release program permits these
items to be issued and installed before the dedication process for those
items is complete. These items will be tracked from the time they are
issued through their specific application to ensure future evaluation.

After restart TVA will dedicate commercial-grade material installed or
currently in stock for use in safety-related applications.

After restart TVA will evaluate commercial-grade items located in the
power stores warehouse The purpose is to determine what may be released
and used for present maintenance.

After restart TVA will perform an engineering evaluation of the other
safety-related replacement items,
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(7) After restart TVA wil) develop pre-engineered specifications detailing
technical and quality requirements, source audit and inspection
requirements, receipt inspection requirements, part conditioning
requirements, and, if applicable, post-maintenance test roquirements

Through its RIP, TVA will establish a maintenance history of plant replacement
activities by reviewing maintenance requests, preventive maintenance activi-
ties, surveillance instructions, and work plans. Replacement items are sorted
with respect to their application (e.g., 10 CFR 50.49, critical systems, struc-
tures, and cbmponents). ONE will perform a documented engineering review and
evaluation to establish the suitability of replacement items for their intended
application,

TVA has revised the Sequoyah site procedures to require dedication of new prc-
curements of commercial-grade items used as basic components. A contract
engineering group has been established to provide the technical and quality
requirements for new procurements.

The NRC inspection of the RIP is discussed in Inspection Report 87-40. An
Tssue was raised regarding the screening process used by TVA for replacement
parts in seismically qualified equipment. In some cases, TVA used the histori-
cal data base of equipment operating experience in earthquakes tou conduct its
review of the seismic adequacy of replacement parts. The staff concluded that
this was not an acceptable approach for long-term resolution of this issue at
Sequoyah as discussed in an October 29, 1987 letter to TVA. However, the staff
further concluded that this process could be used to support plant restart.

TVA responded to the staff concern by letter dated December 8, 1987(a); TvA
will provide its program plan for dedication of commercial grade components in
January 1988

3.3.3 Conclusion

On the basis of its review, the staff finds that, with proper implementation of
the plans, this special issue should be satisfactorily resolved. The NRC staff
will review and evaluate the implementation of the RIP during future NRC
inspections.

3.4 Sensing Line Issues

3.4.1 Line Slope
3.4.1.1 Introduction

Issues were raised through the employee concerns program concerning the {nstry-
ment line slope. It was determined that the actua) configuration did not

match the requirements for line slope indicated on plant drawings at Sequoyah.
Erroneous instrument 1ine slope can affect instrument sensor accuracy and lead
to an instrument error in detecting process conditions outside the safety
limits. Instrument lines act as a coupling between processes and sensors andg,
to be effective, they must be filled with a known fluid. Insufficient 1ine
slope can cause gas to be entrapped with the liquid medium or may cause gas to
condense to liquid and cause a degradation iy instrument accuracy. Some
designs allow the use of high point vents, along the sense line, for venting
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where the slope cannot be maintained to ensure that no gas is entrained. Some
designs also allow the use of condensate collection chambers, for instrument
lines where, slope cannot be maintained, to collect condensed liquid from the
gaseous medium. The employee concerns noted that some instrument lines had
either no slope or reverse siope without high point vents.

There appears to be a number of di‘ferent problems with different solutions.
Some instrument lines have insufficient positive slope while others have a
negative slope. Some instrument lines, such as those within the auxiliary
feedwater system, have been relocated to ensure system functionality, while
others in the effluent gas treatment system (EGTS) require the addition of
condensate collection chambers. TVA has submitted a report that contains
technical details of such observed problems and the the corrective actions it
has taken. TVA has submitted this information by letters dated April 2, July
20, December 8, 1987(b) and January 22, 1988. In the letter of December 8,
1987, TVA issued a six-volume report titled "ECTG Slope Closure," Rev. 0, dated
October 27, 1987 (RIMS E25 871027015). As a result of this review, TVA has
taken the actions listed below.

(1) TVA expanded the identified concern of upward sloping liquid filled lines
tc also include condensation entrapment in downward sloping gas filled
i1nes.,

(2) Based on various calculations (SQN-I15L=002), TVA has developed criteria
for determining instrument 1ine walkdowns where process and ambient
conditions could cause unacceptable instrument performance for reactor
trip, engineered safety features actuation, or accident monitoring
functions.

(3) Based on these criteria, TVA physically walked down 57 instruments and 83
instrument 1ines and measured for instrument line slope. TVA recorded al)
observed discrepancies on the instrument line slope sketches and each
individual discrepancy was evaluated, dispositioned, and verified by a
second individual for technical adequacy.

(8) TVA issued Electrical Design Standard 05-E18.3.7 to be used for instrument
line slope criteria for future Sequoyah modifications.

(5) TVA conducted a series of tests to determine the velocity of entrapped air
as a function of instrument line slope to determine acceptable slope
criteria (Norris Lab report WR28-1-85-124-R1).

(6) TVA issued calculations to determine the amount of entrapped air in closed
instrument lines unde~ various temperatire and pressure conditions in
order to permit the sizing of the high point vent reservoir (VENTRES 001
JAN, B 43 870123 901).

(7) TVA issued two design change notices (DCN) to add a number of condensate
collection chambers in EGTS (System 65) instrument lines (DCN-X00007 and
OCN-X00014).

(8) TVA issued a DCN (DCN-X00004) to revise RHR (System 74) instrument line
for slope and to eliminate a number of high point vent valves.
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(8) TvA issued a DCN (DCN-X00009) and two ECNs (ECN77171 and ECN-7172) to
revise auxiliary feedwater (system 3) and containment spray (System 72)
instrument lines for slope and rotate the pressure switch tap for the
auxiliary feedwater system to 120° from top of the suction header,

(10) TVA has revised and issued an instrument maintenance instruction for
filling of scaled instrument systems (IMI-118, Rev. 7).

(11) TVA has prepared and issued maintenance instructions (MI) for backfilled

instrument Tines for various systems (MI 19.1 series).

(12) TVA has prepared and issued surveillance instructions for verification of
essential instrument operability (SI1-604),

3.4.1.2 Evaluation

TVA prepared a )ist of al) instruments that either detect or mitigate'those
events in FSAR Chapter 15, the reactor protection system, provide an input to
the reactor protection system, or perform engineered safeguard functions. A
number of instrument lines were eliminated from physical walkdown on the basis
of the criteria listed below

(1) al) instruments mounted by vendors on a vendor supplied package or skid

(2) all instruments where pressure at the root valves remains above 100 psig
(based on calculation VENTRES 001 JAN)

(3) instrument lines that are sealed

(4) ampient temperature is low and pressure excursion will not drain the
instrument line during an accident condition

(5) all gaseous filled sense lines that are not subject to condensation

The staff has reviewed these criteria and found them reasonable. Based on
these criteria, 57 instrumente and 83 sense lines were identified which
required the physical walkdown.

The staff has also reviewed the Norris Laboratory test report (WR28-1-85-124 .R1)
that indicated that entrapped air in instrument lines sloped at 0.125 inch per
foot or more have no effect on the static transmission of pressure in liguid
filled lines, even though some air may become entrapped in socket weld fit-
tings. However, the dynamic transmission of pressure may cause significant
oscillation at the transmitter over a transient period of time. TVA has calcu-
lated that an instrument line that tends to be oscillatory during DRA condi-
tions because of entrapped air will exhibit oscillatory behavior during normal
operation and testing. Therefore, this provides the opportunity for corrective
actions for the instrument lines that tend to be oscillatory as a result

of entrapped air,

The Norris Laboratory test results did not address the migration of entrapped
air bubbles within horizontal sections or in downward sloping sections fol-
lowing upward sloping portions. However, TVA calculations indicate that air
budbble formation is a concern only in instrument lines operating below 100
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psig. This analysis also provided the methodology for sizing of a high-point
vent reservoir to ensure that the instrument lines remain liquid f,1led.

TVA has applied these test results and conclusions to the 57 ins*truments and 83
instruments lines that were physically walked down. Based on this review, the
following findings were identified:

(1) instrument lines that are acceptable met acceptance 12
criteria
(2) instrument Tines that are acceptable met acceptance 4

criteria after minor adjustment

(3) instrument lines that ¢id not meet the acceptance criteria 47
but are acceptable, because of the justification provided

(4) instrument lines that require rework before restart 20

For the 20 instrument lines that required rework, DCNs (X00004, X00007, X0000%
anc X00014) and ECNs (7171 and 7172) were issued. TVA has dicpositioned these
OCNs and new slope values were recorded on the revised diagran. These 20
instruments covered the wide range of plant systems including auxiliary feed-
water, residual heat removal, containment spray, and effluent gas treatment
systems. For the instrument lines that did not meet the acceptance criteria,
TVA has evaluated each discrepancy individually on the basis of system
requirements, response time, accident environments, operating experience,
industry experience and Norris test results.

The NRC staff assisted by its consultant, Science Applications Internationa)
Corperations, has reviewed the information submitted by TVA and has also met
with the personnel who performed the walkdown and who were responsible for
disposition of the individual findings.

TVA has issued an electrical design standard to be used for instrument )ine
slope criteria in future modifications. TVA also is planning to issue in the
near future an instrumentation engineering requirements specification that
specifies the design standards and the required QA inspections. The staff has
reviewed the new electrical design standard and believes that design standard
togetner with the instrument specification will prevent the future recurrence
of the problem.

3.4.1.3 Conclusion

The TVA study has adequately considered the needed accuracy requirements for
safety-related instruments and the technical justification contains the
rationale for allowances in instrument inaccuracies. Based on its review of
test results, analysis, and design standards for instrument line slope, the
staff finds the instrument line slope issue is adequately resolved for
Sequoyah.

3.4.2 Compression Fittings
Compression fittings from multiple manufactures are in stock at Sequoyah. Many

of them are similar in appearance, but not interchangeable in design. Issues
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arising from the employee concerns special program were that thgre are mixed
fittings and improper installation resulting from lack of training and
inadequate -guality assurance. Tests were performed at Singleton Materials
Engineering Laboratory of various configurations of compression fittings. The
report concluded that regardless of different manufacturers or installation
techniques, a compression fitting that successfully passes hydrotesting will
serve its intended purpose.

TVA has initiated corrective ac .ons that include periodic training for craft
personnel and a procedure defining requirements for installaticn of compression
fittings. Sequoyah will also stock and emphasize the use of one type of
fitting, except for equipment interfaces with special types of fitting connec-
tions. 0On the basis of ‘ts review of Element Report C017304 and the above in-

formation, the staff concludes that the concerns regarding compression fittings
are resolved

3.4.3 Teflon Tape

Teflon tape has been used as a sealant in pipe thread fittings at TVA plants.
Under high temperature or radiation conditions, the teflon tape may release
flourides that would induce stress corrosion cracking of the stainless steel
fitting. Although Sequoyah plant procedures prohibit the use of teflon under
high temperature/radiation conditions, a concern at Watts Bar led to an inspec-
tion at Sequoyah. Two cases not conforming to the procadural requirements were
found and repaired. This issue was tracked as Finding A-5 of the Nuclear
Manager Review Group findings, Element Report 0P30901, and in Section 111.9.3
of the SNPP.  As discussed in NRC Inspection Report 87-37, actions for plant
restart are complete. As a long-term action, corporate guidance on the use of
teflon tape and a2 single-defined tape replacement plan will be issued.

3.5 He’ciﬁg
3.5.1 Introduction

In Section JI1.8 of the SNPP, TVA discusses the welding project program to
evaluate the adequacy of the TVA welding program for all of the TVA plants and
the suitability of welded structures and systems for service. In addition,
approximately 30 percent of the safety-related employee concerns pertain to
varisus aspects of the TVA welding program. Of these concerns, 26 pertained
specifically to the Sequoyah plant and 119 were judged to be generic, thus may

be applicable to the Sequoyah site. TVA efforts to resolve welding issues were
directed first at the Sequoyah site.

By letter dated January 17, 1986, TVA formally submitted its program plan to
address employee concerns related to welding for staff review. In essence, TVA
formulated its program to evaluate the welding program at each TVA nuclear
power plant in two separate work phases. The Phase I effort consisted of a
review of the written TVA welding program (design documents, policies, and
procedures) to ensure that the welding program correctly reflects TVA's licens-
NG commitments and regulatory requirements. The Phase 11 effort consisted of
actual reinspection of selected welds and the inspection results were used to
evaluate the implementation of the written welding program. The sampled welds
evaluated to determine whether the welds made by TVA in the field meet the
applicable code requirements and are adequate for service.
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In both phases of the program plan, TVA was to identify and categorize any
deficiencies in the existing program, correct the problems, &nd implement
changes to prevent recurrence.

3.5.2 Evaluation

Phase | Program Plan

The Phase I program consisted of the following subtasks:

¢ review TVA commitments to NRC

. verify that the written program reflects those commitments

¢ deternine that weld-related commitments are reflected in design output

determine that the programs implemented by the Offices of Construction
and Nuclear Operations, as applicable, reflect design output and quality
documents

assemble employee concerns by type and plant

analyze and evaluate quality indicators that may have impacted on the
programs

issue an adequacy statement regarding written programs to
implement/control welding activities

hs a result of the evaluation of the Sequoyah related emplovee concerns, TVA
concludec that there were five problem areas of a programmatic nature which are
L0 be adcressed.  These five areas concerned (1) box anchor design deficiencies
(2) Nuclear Operations (NO) programmatic defieiencies regarding compliance with
ANST N45.2.5 where a required inspection was performed by someone other than
tne QC 1nspectors, (3) inadequacies in the inservi = inspection (ISI) program,
(4) a specific case of poor welder performance, ana (5) minor implementation
deficiencies in the NO welder qualification continuity program. None of these
problems involved hardware deficiencies. The most significant recommendation
s to stop the practice that allows welders to update their welder performance
qualifications by running a bead on plate rather than making a full-penetration
weld.

The staff found that TVA's Phase ] effort of this program required a review of
1ls requirements and commitments and search for the specific TVA document
(e.g., specification, procedure, or instruction) that provided for implementa-
tion of these commitments or requirenents. However, TVA had so many tiers of
documents with overlapping requirements that were produced by different TVA
organizations that it made it almost impossible to understand and verify that
all of TVA's own requirements were implemented.

For example, in the FSAR TVA stated that structural steel welding would be
conducted in accordance with the American Welding Society (AwS) C1.0-69, "Code
for Welding Building Construction,” or later versions, up to AWS D1.1-Rev.

¢-74, "Structural Welding Code." Section 6 of al) these cudes specifies: “The
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inspector shal) examina the work to make certain that it meets the requirements
of Section 3...." The requirements for fit up are specified in Section 3.

The staff recognizes that fit up inspections for fabrications that are not
safety related may be waived, but for safety-related fabrications, fit up re-
Quirements must be met in these codes to meet Appendix B of 10 CFR 50. 1If an
unacceptable fit up is incorporated in a welded fabrication, the effective weld
size may not be adequate for structura! integrity. The results of the TVA
welding project revealed that fit up inspections were not performed as a
quality control function because they had not been incorporated in the draw-
ings. TVA's proposed actions to resolve these problems are addressed in
Section 3.5.3 below.

PHASE 11 Program Plan

The Phase I1 program consisted of the following subtasks:
¢ contract with an outside consultant, APTECH Engineering, to assess plant
fitness for service

contract with an outside consultant, Bechtel Power Corporation, to perform
independent audits of the welding programs of TVA's Office of Construction
and the Office of Nuclear Operations

evaluate the need for reinspections based on the result of an evaluation
of quality indicators

implement any additional reinspections and deficiency resolutions

Th? results of the Phase 11 efforts of TVA's welding program are discussed
Delow.

The APTECH Engineering review consisted of a review of (1) historical records
and activities related to the productiovin of welds under sequoyah's welding and
Inspection program, (2) preservice and inservice inspection records of welds,
and (3) licensee event reports (LER) relating to weld quality. APTECK
concluded that (1) the welding program contained the necessary controls to
ensure high quality welds, (2) the rate of significant indications detected
auring the preservice and inservice inspections is low, and (3) no LERs were
generated that are related to poor quality field welds. In summary, there is

no evidence that the quality of welds at the Sequoyah plant is such that they
are not fit for their intended service.

The Bechte) audit concluded that TVA had an effective program related to weld-
ing and NDE at the Sequoyah site. However, the auditors noted that some of the
program documents we.. :*~fusing, overlapping, repetitive, and unclear. The
Bechte]l audit team recommended that the quality contro) program be centralized
to one level of authority for uniformity and consistency.

The Bechte)! audit provided an outside evaluation of TVA's approach to meeting
its FSAR commitments. The auditors selected the weld joints for the systems
selected by TVA and reviewed the documentation. The audit team reviewed each
weld document package for the 17 key elements listed below.
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implementation of technical and welding program requiremants
adequacy of design output document (not in terms of technical adequacy)
initial welding operator qualifications

maintenance of welding operator qualifications

renewal of welding operator qualifications

initial welding inspector qualificatiuns

maintenance of welding inspector qualifications

renewal of welding inspector qualifications

use of appropriate welding porcedures

use of appropriate inspecticn procedures

use of appropriately trained and qualified personnel

use and control of welding filler materials

in-process control of welding

documentation of the above activities

nonconformance reports and corrective actions

adeguacy of the training programs

O 0000000 O0OCO0OOOOO©OO0O

The Bechtel audit resulted in one audit finding concerning procedural errors in
the use and control of filler materials by the Office of Construction. The
effect of the errors (the post weld heat treatment temperature and time were
less than specified and yield strength not recorded as specified) was minimal
on the hardware produced. The code requirements (FSAR commitments) were met,
but this indicated that TVA did not follow its own procedures.

The most significant recommendation made by tr- Bechte! auditors is that TVA,
wherever possihle, should centralize the quality assurance program to one level
of autherity for uniformity and consistency.

The staff found that the APTECH Engineering review of preservice and inservice
inspection results did not appear germane to the employee concerns. Because of
the attributes visually inspected and because the operating stresses were so
small compared with the seismically induced stresses or stresses induced by
postulated design events, the staff does not attach any significance to the
study except to indicate that defects and deficiencies great enough to have
resulted in failure during normal plant operation probably do not exist.

The Bechtel audit of records was performed in Phase 1] after TVA had reviewed
its records. TVA's review and resolutions of discrepancies are reported in
the Welding Project Generic Empioyee Concern Evaluation Reports WP-03-SQN,
WP-06-SQN, and wWP-07-SQN. Because of this sequence of rev'ew, it is
understandable that the Bechte) audit did not find any discrepancies of
significance.

TVA Welding Reinspection

The Sequoyah Welding Reinspection Plan specified, among other elements a
reinspection of (1) 333 piping welds in 7 systems, (2) 15 welds in spira)
weldad duct, and (3) 403 joints (1394 welds) in 50 structures.

This reinspection scope was purposely skewed towards areas where less stringent
criteria were specified and, thus, fewer QC checks were required and applied
during construction. The reasoning behind this approach was that, if there
were welding problems, these are the areas where the problems would most likely
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be reflected in the plant hardware. The results of the TVA reinspection effort
are summarized below.

(1) Pipe Welds

Table 3.1 presents the results of TVA's reinspection of piping welds. In terms
of components, the rejection rate is about 55 percent (184/333). In terms of
deficient weld attributes contained per weld, the rate of deficient welds is
about 4 percent (184/4576). Obviously, both numbers are misleading in that the
first number tends to magnify the severity of the problems, particularly when
one considers that 104 out of 184 are in the arc strike/spatter category. The
weld spatter/arc strike indications are superficial indications and should nave
been reportable, but they should not be a cause for rejection. The superficia)
arc strikes and spatters should have been removed by light grinding, as
required by TVA's internal procedures. The second number (4 percent rejection
rate) is also misleading; it tends to obfuscate the fact that these indications
are generally indicative of poor quality and should have been detected and
properiy addressed during construction.

Cracking is an important attribute for inspection and no cracks were found.
Five welds required additional surface rework to remove NDE surface indica-
tions. Grinding encroached upon the manufacturer's minimum wall thickness in
one of these five welds; however, the remaining wall thickness was more than
twice the design wall thickness. It should be noted that the paint removing
techniques used (rotary wire brushes and flapper wheels) also changed the
original inspection surface and presented an altered surface for reinspec-
tion. These slightly altered surfaces wil) provide different reinspection
results.

Discrepancies other than those related to size, shape, location, undercut, and
contour/transition that were discovered by visual examination were acceptec
based on NDE results, that is, by magnetic particle or liquid penetrant
testing. The engineering evaluations showed that al) of the visually detected
ingications for all attributes were acceptable; i.e., they met the applicable
design stress limits,

The reinspection results for piping welds are shown in Table 3.1. Table 3.2 is
a rearrangement of the same data in Table 3.1, which was provided by TVA in its
August 1, 1986(b) resporse to a staff request for additional irformation. The
table shows that most of the welds reinspected were made by the Office of
Construction (OC), and that the reportable indication rate was significantly
higher for OC-made welds

(2) Structura) Welds

The reinspection results of structural welds are summarized in Table 3.3.
Table 3.4 is a recompilation of the same data in Table 3.3, as provided in
TVA's August 1, 1986(b) response to a staff request for additiona) information.

The rejection rate on the basis of deficiencies per inch of weld is about 16
percent (1194/7369), even though the components containing these deficiencies
are suitabla for service by engineering calculations. The rejection rate on
the component basis is about 15 percent (211/13%94). On deficient attributes
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Table 3.1 Piping weld reinspection results

No. of Welds No. of Welds Percent of Welds
Attribute Reinspected Accepted/Rejected Accepted/Rejected
Contour/Transition 333 317 16 95.2 4.8
Offset/Alignment 333 331 g 99.4 0.6
Undercut 333 331 2 99.4 0.6
Reinforcement 333 326 7 97.9 2.1
weld spatter/

Arc strike 333 229 104 68.8 31.2
weld Location 333 333 0 100.0 0.0
weld Size 333 320 13 9.1 3.9
wWeld Metal/

Base Meta) 333 333 0 100.0 0.0
Weld convexity 333 333 0 100.0 0.0
Incomplete Fusion 333 328 5 98.5 1.5
Weld Overlap 333 325 g 97.6 2.4
Underfillec 333 321 12 96.4 3.6
Surface Porosity 333 318 15 9.3 4.5
Surface Slag _ 333 333 0 100.0 0.0

Tota!/Average: 4,662 4,478 184
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Taple 3.2 Reportable indication for pipe welds

' No. of welds No. of Welds
No. of Welds With Reportable Rejected

Type of weld Reinspected Indications by Code
Socket welds

Office of Construction (0C) 204 78 . 0

Nuclear Operations (NO) 34 € 0
Butt Welds

0C 68 46 0

NO 22 6 0
Attachment to Pipe Wali

0C 5 3 0

NO 0 0 0
Total wWelds

0cC 277 127 0

NC 56 12 0

Table 3.3 Structura) welds reinspection results
Inches of weld Weld Attribute (Inches) Percent

Attributes Examined Acceptable/Rejectable Acceptable/Rejectable
Size 7364 6604 765 89.62 10.38
Incomplete Fusion 7369 7351 18 88.76 0.24
Overlap 7369 7366 3 99.%6 0.04
Craters 7365 7362 7 89.91 0.09
Profile 726% 6999 370 94 98 5.02
Undercut 7389 7338 31 95.58 0.42
Correct Filler

Metal Type 7365 7369 _0 100.00 0.00

Totals: 51,563 50,389 1,194
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Table 3.4 Reportable Indications for Structural Welds

' No. of Welds No of Weld Joints*
No. of Welds With Reportable not Meeting
Type of weld Reinspected Indications Design Requirements
Fillet welds
Office of Const, 1080 160 . 0
Nuclear Ops. 148 21 0
Butt Welds
Office of Const. 50 4 0
Nuclear Ops. 0 0 0
Cther (specify) - Flare
Office of Const. 92 24 0
Nuclear Ops 24 2 0
Totals: 1384 211 0

¥ Weld Joints were evaluated, not 1ndivicual we'd segments.

per linear inch basis, the rejection rate is about 2.3 percent. Again, these
numbers cculd be misleading. For welds made by the OC, these rejectable
welds should have been detected and disposed of either by analysis or repair
during the original construction.

No crack or reportable porosity indications were found. The reinspection
results also showed nine missing welds. No underlength welds were identified.
The number of reported attributes for size and profile are rather high for the
number of welids inspected; however, the engineering evaluations demonstrated
that, as constructed, none of the structural welds, including the structures
with missing welds, required weld repair.

The staff founc that the TVA reinspection effort probably provides the most
girect measure of the degree of control exercised by the welding program at

the Sequoyah site. The rejection rates cited in TVA's letter of August 1,
1386(b), illustrate a general lack cf control or sloppiness during implemen-
tation of the welding program in some instances during plant construction. This
statement is made on the basis of high rejection rates in piping welds for
contour/transition, weld size, underfilling and surface porosity and, in
structural welds, for size undercut, incomplete fusion, and profile. Despite
these discrepencies, no weld repairs are required to meet Code requirements.

Employee Concerns

The NOR staff categorized all of the concerns related to welding to identify
the issues that may affect the quality of welds at >equoyah. The first five
categoriec represent elements that the staff believes to be essential for a
successful welding program. The categories are listed below.
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welding procedures

welder qualification/training

welding inspection and inspector training/qualification
weld design and configuration

filler material control

miscellaneous/one of a kind

PN N N~
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Each individual employee concern was assigned to one of these categories.
Within each category, the concerns were evaluated as to whether they affected
hardware quality or were a programmatic deficiency. The staff review was con-
centrated on information pertaining to these elements. The information was
provided by TVA, as the result of its contractors' programmatic reviews and by
its sample reinspections of plant harcw~are, and by independent inspections
conducted by the NRC. The NRC then evaluated this information against either
TVA's licensing commitments or industry standards in each of the above six
essential elements of an effectively implemented welding program.

There are 41 final element reports cf employee concerns primarily involving
welding. The staff grouped these reports into five essential element cate-
gories that the staff believes are necessary for a welding program and a sixth
category, miscellaneous/one of a kind, was created for those concerns which

did not fit easily into any of the five essenti- ' categories. Each of these
essential categories were addressed separately. Of the 145 employee concerns
involving welding (specific and generic) applicable to Sequoyah, all except one
are addressed in one of these six SERs. The exception, potentially generic
concern 2850162005, discussed in TVA's Final Element Report WP-25-SQN, "Effect
of Weld Repairs Not Meeting ASME Code," is addressed by the staff in another
SER. The conclusions of the staff's SERs are summarized below; these SERs will
be discussed in detai) in Volume 2, Part 2 of tr’s report.

For tne first element, welding procedures, there was cnly one employee concern

expressed for the Sequoyah site which involved a standarc fabricatior speration
with a welding procedure that was not referenced on a particular drawing. The

staff team inspections did not find any problems in this srea.

For the second element regarding welder Qualification/Training, there are 27
employee concerns. Most had to do with irregu.arities in the dsting of welder
certifications. A welder is required to renew his/her qualification every 90
Cays, and .his may be done by the welder's use of the welding process certiied
by his/her employer. The time between taking the test and the handling of a
welder's paperwork and actua) signing by the responsible authority often gives
the appearance of the 90-day requirement being violated, and that backdating or
updating occurred. In instances where it may have occurred, the safety
significance is rather minimal because the welcder's skil) would not be that
much different between not welding for 90 days versus 100 days. It would be a
cause of concern when someone like a foreman who had not done any welding on
the job and maintained his qualification by falsification for lengthy periods.
However, its safety significance would be rather minimal as long as the
individuals in question did not make actua! production welds; and there is no
evidence, nor employee concerns, to indicate that this was practiced at the
Sequoyah site. In addition, the welds would have beer inspected and those
welds that demonstrated a lack of electrode manipulative skill by the welder
would have been rejected. The TVA and NRC reinspections showed that welds with
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defects indicative of poor electrode manipulative skill by the welders were
usually rejected by the original TVA acceptance inspections.

The results of the TVA reinspection, the Bechte) audit, and the staff's inde-
pendent examinations indicate that the level of workmanship was adequate for
the structures and systems involved. No instances of unsatisfactory workman-
ship significant to the degree that required weld repair were igentified.
workmanship type flaws/defects were found, but these were either removed by
filing and grinding or an engineering evaluation was performed and the systems
or structures were demonstrated to meet applicable code requirements. However,
these types of defects/flaws should have been found and disposed of during
construction by the QC inspectors under an effectively implemented QA program.
The overall quality of welds showed that the welders at the Sequoyah site had
the capability to make sound welds and, by definition, were qualified. The
impact on the produced plant hardware by welders updating/backdating qualifi-
cation records was found to be insignificant.

TVA has committed to standardize among al) nuclear plant sites the means of
maintaining welder qualifications. This will be accomplished by having the QC
inspector or the welder foreman initialling the welder's rod issue slip
indicating that the welder has maintained qualification by the use of the
process.

The third element regarding welding inspecticn and inspector training/qualifi-
cation had the largest number of employee concerns (45). The results of the
reinspections and audits indicate that the welding inspectors performed their
duties in a generally acceptable manner, although they may not have been fully
qualified to perform visual inspections. The adherence to code requirements
for addressing weld discrepancies should have been more stringently applied.
The high rejection rates revealed by the reinspections of welds that were
accepted by the original TVA inspections demonstrate that TVA had not performed
the original acceptance inspections in accordance with their licensing commit-
ments. As no repairs are necessary to meet the code requirements that TVA had
committed to in their licensing application, the significance of these
violations is rather slight.

The fourth element, weld design and configuration, had seven employee concerns
for the Sequoyah site. Five of the concerns related to a particular box anchor
design for piping. These concerns are adeguately addressed for the Sequoyah
plant because of the special care and drawing changes for these installations.
The other two concerns were individually investigated by TVA and the responses
a“e adequate for closeout. Accordingly, the staff does not believe there are
major problems under this eiement.

The fifth element regarding the filler material control had 29 concerns. Many
of the concerns related to no portable rod ovens and the lack of materia)
accountability. These issues were adequately addressed by TVA. There were
concerns alleging that welders kept unused electrodes and used them later fur
welding without baking to remove moisture. Mowever, the reinspections should
have cetected some cracking in welaments if this was a pervasive, common
occurrence. The employee concerns regarding the poor quality electrodes were
investigated by TVA and the responses are reasonable. The two instances of
incorrect electrodes beino used were investigated by TVA and the responses are
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adequate. The results of the reinspections and audits found no signs of
inadequate filler material control. Even if there were deficiencies in the
filler materia) control, they did not appear to have impacted the produced
hardware,

For the m.scellaneous/one-of-a-kind category, there are 35 employee concerns,
27 of whic are addressed in WP-19-SQN, "WBN Concerns with No Generic Appli=
cation to SON." The TVA Welding Task Group had evaluated all of the employee
concerns asiigned and had determined, based on further investigations as
reported in the various element reports, that these 27 employee concerns were
not applicable to Sequoyah. The remaining employee concerns had issues per-
taining to unpainted welds, inadequate welding machines, and that the results
of the TVA Internal Report QAE-80-2, “"Review and Evaluation of the OEDC Welding
and NOE Program," were not applied to the Sequoyah site. The uncoated welds
are being addressed by TVA under a corrective action report. Although the
welding machines might not have all features and aids & welder would 1ike, the
machines were adequate tc perform the weld when used by a qualified welder.
The QAE-80-2 Report was completed after the construction of the Sequoyah plant
was completed and, therefore, is not really pertinent,

NRC Tear Inspections

Between January 20 and July 11, 1986, the NRC staff conducted three team
inspections of TVA's activities related to the welding at the Sequoyah site.

These team inspections have been conducted in accordance with established
Procedures and ~ith predetermined areas for inspection. The second team
inspection, conducted February 18 through 28, 1986, also inc)uded independent
examinations by the NRC Region ] NDE van, of welds randomly selected by the NRC
inspectors. Listed below are the summary results of the NRC inspections.

(1) Inspecticn Report 50-327/328 86-09

The qualifications of the personnel performing the Bechte! audit, organization,
internal procedures, and policies were revieved and were found satisfactory.
The selection process for determining which welds were to be included in the
samples and other procedures were reviewed. The sample selection was based on
engineering judgment and the availability of records.

The Bechtel audit determined only if the records were present and correct; it
did not address the technica) suitability of the documents which were sudited.

This inspection report also summarizes the staff's review of the TVA Rein-
spection Program in the areas listed below.

® TVA inspectors qualifications/certifications and nondestructive evaluation

procedures
performance of TVA reinspections

records of reinspections that TVA had already performed
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® possible bias of the sample by determining when the selected items
were originally fabricated and comparing them to the leve) of effort of
construgtion in the past

° distribution of welds reinspected between Units 1 and 2

® TVA's reinspection of at least the minimum number of welds in each group as
specified in the Welding Project Program Plan -

TVA's reinspection effort identified various weld deficiencies, undersized
fillet welds being the major problem. TVA's engineering calculations of these
deficient welds found them to be acceptable "as is" and adequate ‘or their
intendec application. These deficiencies should have been identif.ed during
construction and disposed of in accordance with the governing procec ires and
specifications. MHowever, there are no records to indicate whether or not these
deficient welds were identified during construction. Most deficiencies for
ASMC fabricated pipe welds were of a surface nature, that is, arc strikes and
spatters. These too should have been removed during construction by light
grinding

~327/328 86-13

(2) lnspection Report 80

To further assess the overall TVA welding program and to evaluate the results
of the TVA reinspection effort at Sequoyah, the NRC staff and the NRC NOE van
reviewed a sample of the TVA reinspection weld data packages and independently
examined a selectec number of welds. There were some minor problems in the
reinspection weld data packages that required TVA action to resolve. However,
ne viclations or deviations were identified during this inspection of TVA
current activities. The staff concluded that the TvA reinspection results were
accurate.

(3) Inspection Report 50-327/328 86-33

This inspection report summarizes the NRC team inspections conducted during
June 2-6, June 16-20, and July 7-11, 1986, at the Sequoyah site. The NRC
welding team reviewed eight followup items that had been identified during
previous NRC inspections; the team was able to close seven of those items. The
licensee resolvea the remaining open item and it was reported as closed in
Inspection Reports 50-327/328 86-5% and 50-327/328 87-21.

The NRC staff found the hardware and documentation for the inspected welding
ac*tivities were generally in accordance with requirements and licensee
commitments. The staff noted a number of weld discrepancies, most of which had
been identified and avaluated as a result of the TVA reinspection effort. Thus
the staff concludec at the current TVA welding project reassessment program
was effective in id. .cifying weld deficiencies. However, the staff digd
identify a number of irregularities, which in most cases related to the
accuracy of weld documentation. These irregularities are summarized be)ow.

¢ The inspection guidance provided in drawings and specifications was con-
fusing for supports of instrumentation, electrical, and heating, venti-
lating, and air conditioning installations as well as pipe supports. The
team could not clearly identify which supports required Quality Level 1
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inspection and which required Quality Level 2 inspection. Quality Level 1
inspections require documentation for each weld while Quality Leve) 2
inspections only require documentation for the completed support.

. A number of welds were found to deviate from the requirements of the
applicable design drawings. For instance, the drawing required a
full-penetration weld while the hardware was installed using a flare beve!
weld. o

Section I11-3 of TVA's revised SNPP provides an action plan that will improve
the gesign control program for Sequoyah when implamented. This plan includes
the reconcilation of "as constructed" and "as designed"” drawings to achieve a
single set of plant drawings. This plan should address the irregularities
identified above to ensure that the welds and welding requirements stated on
the "as designed" drawings match the installed hardware.

Expert Consultant Team Evaluation

The NRC staff was assisted by the Brookhaven Nationa) Laboratery (BNL) in con-
ducting this review and evaluation. The Technical Evaluation Report (TER)
provided by BNL is incorporated as part of this evaluation (Appendix D).

The TER evaluates specific employee concerns in more detai) and is incorporated
as part of this staff safety evaluation. The principal finding of the Expert
Consultant Team is that, although there were discrepancies, these discrepancies
were not significant or extensive enough to conclude that the plant was not
reacy or unsafe to start up. Since much of this review was performed in 1986,
the staff consultants also reviewed the final element retorts on welding late
in 1987. However, no new issues were identified that would require resolution
before restart

3.5.3 Conclusions

On the basis of its evaluation, the staff has reached the specific conclusions
1isted below.

(1) DOuring construction of both Sequoyah units, TVA's implementation of the
QA/QC program in the area of welding, while generally effective, was
ineffective in certain instances. For example, a sigrificant number of
deficient welds were found that required engineering calculations to
demonstrate their suitability for service. These calculations should have
been performed during construction. In addition, discrepancies between
the design drawings and the actua) hardware installed were identified.
Notwithstanding these findings, the fact that no welds required repair to
meet design code requirements indicates an overall effective implementa~
tion of the QA/QC program in the area of welding.

(2) The effectiveness of TVA's process for QC inspector training and
qualification/certification to visually inspect welde during plant con-
struction and after operation is questionable. The welding deficioncies
discussed above should have been detected and corrective actions should
have heen taken.
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(3)

(4)

In spite of the deficiencies found in the implementation of the QA/QC
program for welding activities, including some that were of 2 programaatic
nature, the staff firds that these deficiencies have not significantly
affected the suitability for service of plant hardware.

With the exception of QC inspectors' training and qualification/certife~

ication, the staff finds that other essential elements (i.e., welding
procedures, welder qualification and training, weld design and configu=-
ration, .and filler metal countrol) of a sound welding program were
functioning and the resultant hardware is suitable for service.

Therefore, the staff concludes that TVA's welding re-evaluation program has

been

carried out adeguately and that TVA has demonstrated that the hardware as

constructed is suitable for service, that is, the design load limits for welded
cornections have been met. The staff further concludes that restart of both
Séquoyah units will not endanger the public health and safety.

For an overall improvement of the welding program at Sequoyah, the staff
endorses the following TVA proposed changes in its interna) control documents
contained in the SNPP:

(1)

(2)

(3)

Combining the requirements of General Construction Document G-29 and
Process Specification N73M2 into a single document.

Replacing the general construction specifications for each unit with
specific specifications.

Maintaining ingirect quality control of fit up inspection by monitoring
processes as provicded in 10 CFR 50, Appendix B (1) by having the welder
and his foreman document that fit up is suitable for the QC inspector to
verify weld size during final inspection and (2) by having the QC inspec-
tor selectively inspect a sample of fit ups to verify this documentation.

Consolidate inspector training and certificat on into one program under
the control of a certified Level 111 NDE examiner.

Provide training or orientation to engineers, designers, technica)
supervisors, and engineering managers on the content and use of the
internal control documents.

Standardize the process of maintaining welder's certification by having
the QC inspector or welder foreman initial the rod issue slip indicating
that the specific welder has used the process.

letter dated January 30, 1987, TVA committed to an augmented and acceler-
inservice inspection as recommended by NRC staff. The inspection program
include the elements listed below.

A 100-percent examination of the ASME Class 1 and 2 piping field welds
will be completed in the first 10-year in-service interval. Those welds
that remain to be examined will be scheduled for examination in the next
two consecutive refueling outages following the submittal of the revised
plan and the restart of any unit,
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3.6 Containment Isolation

3.6.1 Containment Isolation System Design
3.6.1.1 Introduction

General Design Criteria (GOC) 54 through 57 of Appendix A to 10 CFR 50 contain
NRC design requirements for isolation of piping systems penetrating
containment. . In particular, GOC 5¢ contains genera) provisions for )eak
detection, redundancy, and reliapility. GDC ?s requires each line that is part
of the reactor coolant pressure boundary (RCPB) and that penetrates the
containment to have isolation valves as listed below, unless it can be
demonstrated that the provisions for a specific class of lines are acceptable
on some other defined basis.

(1) one locked closed valve inside and one locked closed valve outside
(2) one automatic valve inside and one locked closed valve outside

(3) one locked closed valve inside and one automatic valve outside

(4) one automatic valve inside and one automatic valve outside

A simple check valve may not be used as the automatic valve cutside contain-
ment. GDC 56 contains similar provisions for lines that connect directly to
containment atmosphere and that penetrate containment. GDC 57 addresses
systems that penetrate containment but that do not communicate with either the
RCF3 or containment atmosphere and requires at least one valve (not a simple
check valve).

The rationale for allowing a demonstratior of acceptability on "some other
defined basis” (i.e., a deviation from the explicit requirements of the GDC) is
that in certain instances (e.g., lines in essential systems that are required
Lo operate following an accident) compliance with the explicit requirements of
the GOC would be detrimenta) to safety.

Isolation designs which are adequate on “some other defined basis" are
describec in the Standard Review Plan (SRP) Section 6.2.4, "Containment
Isolation System,” ang American Nuclear Standards Institute (ANSI) Standard
Ni71-1976, “"Containment Isclation Provisions for Fluig Systems." For
containment spray line penetrations, as well as for other essentia) systems,
the SR™ and the ANSI standard identify the use of remote manual valves in lieu
of automatic valves as acceptable. TVA, on the other hand, has traditionally
relied on the closed system outside containment rather than identify an out-
boarc remote manual valve as an isolation valve.

This was considered by TVA to be an acceptable isolation design on another
defined basis. The staff SER for the SQN license, NUREG-0011, Section 6.2.4,
issued March 1979, concluded that the design of the containment isolation
system was acceptadble, but did not specifically address the acceptability of
"other defined basis" for any containment isolation figure. The present staff
position, particularly following development of the TMI Action Plan, is that a
closed system outside containment is not generally acceptable as an isclation
barrier for lines covered by GOC 55 or 56.
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The staff igentified apparent discrepancias in system compliance with contain-
ment isolation requirements durirg an inspection conducted at Sequoyah on
March 3-14,,1986. Specifically, ?nspoction Report 50-327/328 86-20 documente
five containment penetrations of the chemical and volume contro) system “CvCS)
that did not appear to meet 10 CFR 50, Appendix A GDC for containment iscla-
tion. The penetrations cited in the inspection report are penetration X-1§,
the normal charging supply, and penetrations X-43A, -43B, -43C, and =430, the
four reactor coolant pump seal injection lines.

The staff requested TVA to provide its position on the design bases for the
isolation system, as wel) as a complete description of the isolation provisions
for all penetrations that do not meet the explicit requirements* of GDC 55, 56,
and 57. TVA by letter dated May 30, 1986, provided a complete evaluation of
containment penetration isolation provisions against the licensing requirements
of GOC 55, 56, and 57. On the basis of this information, the staff concluded
that, in addition to the five CVCS penetrations, there were numerous
penetrations whose isolation provisions as described in the FSAR were in non-
compliance with the explicit requirements of the applicable GOC.

TVA and the staff discussed the particular isolation capabilities for the five
CVCS penetrations, the designated isolation dosi?n and the isolation capability
for numerous essential system lines, and the isolation design logic in general.
The staff advised TVA that while the designated isolation design for a number
of penetrations in essentia) systems was unacceptable, adequate isolation
capability existed in the form of existing remote manual valves that had not
been ioentified as isolation valves. Therefore, in most instances involving
fsolation of essential systems, the isolation design could be made acceptable
per the GOC by designating certain available valves and sub?octing them to the
operability, surveillance, and testing requirements appropriate for isolation
valves. As part of these discussions with the staff, TVA tgreed L0 re-evaluate
the isolation capadility for al) penetrations. identify and describe those
penetrations whose isolation provisions complied with the explicit criteria of
the GDC, and identify ana describe those penetrations that satisfy the GDC on
‘some other defined basis." Furtharmore, TVA agreed, where applicable, to
designate certain available valves as containment isolation valves, subject to
appropriate operability, surveillance, and testing requirements, to comply with
the GOC

By lTetter dated September 24, 1986, TVA provided information reflect ng agree-
ments reached between TVA and the NRC on August 13, 1986, anc in part icular,
discussion of the original design provisions, responses to NRC questions, and
re-evaluation of the isolation provisions for the five CVCS penetrations and
for additional specific penetrations identified by the staff. Quring the
course of reviewing this submittal, the staff identified a number of items
requiring additional information or clarification. By letter dated January 2,
1987, TVA provided additional information clarifying several issues, including

""Explicit requirements" refer to the specific containment isolation valve
arrangements listed in the GDC without need for a demonstration of accept-
ability on “some other defined basis" as allowed by GDC 55 and 56.
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(1) evaluation of the isolation system regarding design criteria specifications
for seismic Category I, Quality Group B, and protection from missiles and pipe
whip; (2) administrative controls over certain local manual valves; (3)
position indication for motor- or air-operated isolation valves; and (4) leak
detection capability to allow the operator to identify and isolate essentia)
systems that have become leak paths. These items are discussed later in this
section.

Additionally, during the process of reviewing the Sequoyah containment isola-
tion system design, the staff determined that, although in most instances the
system met the GgC or could be acceptably modified by designating additional
existing valves as containment isolation valves to satisfy the GDC, there

were eight penetrations whose isolation provisions, even after modification

by designation of additional existing isolation valves, would not satisfy the
GDC. More significant design modifications would be necessary to bring the
isolation design for the subject penetrations into compliance with the appro-
priate GOC. The eight penetrations involve the four reactor coolant pump seal
injection lines, the reactor heat removal (RHR) discharge line, and the three
containment vacuum relief lines. In response to the staff determination, TVA
accordingly submitted, by letters dated January 23 and February 3, 1987,
requests for exemption to the requirements of 10 CFR S0 GDC 55 and 56 for the
penetrations in question. Supplemental information to these reguests was sub-
mittead by TVA on April 8, 1987.

In the evaluation below, the staff discusses each penetration not meeting the
explicit GOC requirements as identified by TVA in Table 2.2 of its submittal of
January 2, 1987

3.6.1.2 Evaluation

Reactor Coolant Pump Seal Injection Lines (Penetrations X-43A through X-430)

The containment isolation for these lines provided a check valve inside con-
tainment ang a closed system outside containment. GDC 55, which applies to
penetrations that serve as part of the RCPB, is the applicable criterion for
these penetrations. GDC 55 reguires either automatic or locked closed isola-
tion valves, one inside and one outside ¢crntainment. However, as discussed
earlier, the GDC allow for a demonstration of acceptability on “some other
defined basis,” principally in orger to avoid situations in which compliance
with the GOC is counterproductive to overall safety. For certain transients
and accidents, it s desirable that the reactor coolant pump seal injection
lines remain in service to protect the reactor coolant pump seals; thus these
Iines are not automatically isolated or locked closea.

It is acceptable and common practice, therefore, to satisfy the requirements of
GDC 55 on "some other defined basis” for the reactor coolant pump sea)
injection lines by providing a remcte manual containment isolation valve
outside containment, in addition to a check valve inside containment. However,
the Sequoyah design is of an early vintage and remote manual valves are not
installed in those lines. Since the staff indicated that the originally
designated isolation design for these penetrations did not satisfy GDC 55
explicitly and was not acceptadble on "some other defined basis," TVA
re-evaluated the options for improving the isolation design. As a result of
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1ts evaluation, TVA selected the loca! manual globe valves in the seal injec-
tion 1ine header as the outboard containment isolation valves. After an
accident, the globe valve at the sea) water filter outlet is accessible from
the standpoint of dose assessment.

As a related issue, the staff req ested TVA to address the matter qf 1gak
detection for the sea) injection 1ines because local manual fsolation imposes
an additiona) burden in post-accident management. The reactor coolant pump
seal injection flow is provided by the centrifuga) charging pumps. A leak in
either pump room can be associated with the pump involved cnd.aqtion taken to
isolate the affected equipment. From the pump room the seal injection line is
generally routed through common pipe chases. However, the leak detection _
system does not provide detection for the lines running through a common pipe
chase. Leak detection for the sea) injection lines basically consists of flood
detection, which provides nen-specific indication of leakage from a variety of
sources. Isolation of leaks will be accomplished by arbitrarily selecting and
isolating subsystems and evaluating the response of the flood detector system,
In the event a leak in the sea) injection filter valve packing should occur,
drains in the cubicles carry spillage to the tritiated drain collector tank.
The drains are tized to accommodate a maximum leak rate of 50 gpm, correspond-
Ing to the leak rate estimated for failure of a reactor heat removal (RHR) pump
shaft seal. Valve packing leaks should be substantially smaller; therefore,
the drains would accommodate valve packing leakage, thus allowing access to the
cubicles housing the sea) injection line filter valves.

By desigrating the loca) manua) globe valves in the sea) injection line header
a5 contairment isolation valves, TVA has provided a design that satisfies the
redundancy requirements of GDC 55 in that an inboard and outboard valve are
included. However, reliance on the loca) manua) valve does not satisfy the
valve actuation requirements of GDC §5, nor does it meet the criteria (as
outlined in the SRP Section 6.2.4 or ANS Standard N271-1976) to satisfy the GOC
on some ‘other defined basis." The use of local manua) valves in lieu of
Power-cperated valves with remote manual action is a degradation of design
criteria that, in this instance, precludes compliance with the GDC.

After being apprised of the staff position on this matter, TVA requested an
exemption from the requirements of GOC 55 for the four reactor coolant pump
seal injection lines. TvA has noted that in addition to the inboard check
valves and the outboard local manya) valves, there are other isolation barriers
that provide additiona) protection against leakage to the environs from these
penetrations.  First, each of the seal injection lines has another check valve
inside containment, albeit located inside the missile barrier and therefore not
considered missile protected. Secondly, the system outside containment is a
closed system designed to seismic Category 1 standards and meets at leas*
Safety Class 2 design requirements. Furthermore, these lines are normally in
service under normal, transient, and accident conditions, with at least one
centrifuga) charging pump providing a water sea) at a pressure sufficient to
preclude containment atmosphere leakage. The PIping is leak tested by visua)
inspection relative to NUREG-0737, Position I11.0.1.1, and is included in the
ASME Section X1 inservice pressure test program.
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The staff concluded that the proposed containment isolatirn provisions for the
seal water injection lines, with the newly designated containment isolation
valves, arg adequate and that an exemption from the requirements of GDC 55 with
respect to valve type could be granted for those reactor coolant pump seal
injection lines. The exemption was issued on December 4, 1987.

Charging (Penetration X-16)

TVA stated in the FSAR that the containment isolation design for this line
consisted of a check valve inside containment and a closed, seismically qual-
1¥1ed, safety class system outside containment. The use of a check valve
(ns'de containment and a closed system outside containment is not acceptable
for meeting staff guidelines with respect to the requirements of GDC 55.
Therefore, the staff requested TVA to identify an outboard containment isola-
tion valve. TVA identified the available outboard automatic isolation valve
closest to the containment as the outboard containment isolation barrier. This
valve automatically closes on a safety injection signal and was provided in the
original gesign. Its new designation as a containment isolation valve, subject
Lo appropriate operadbility, surveillance, and testing requirements, renders the
isolation design for this penetration acceptable and in compliance with the
explicit requirements of GDC 55.

Emergency Core Cooling System (ECCS) Injection Lines (Penetrations X-20A,
seVE, =2l =22, =32, -33, -108, 109)

The containment isolation provisions for the ECCS injection lines as described
n the FSAR, consist of a check valve inside containment and a closed, seis-
mically qualified, safety class system outside containment. In accordance with
the staff's request, TVA has identified (submittal of January 2, 1987) addi-
tional outboard remote manua) valves for these penetrations and has designated
those valves as containment isolation valves, subject to the operability,
surveillance, and testing requirements associated with containment isolation
valves. These newly designated containment isolation valves were provided in
the original design but were not identified as co-tainment isolation valves.
The use of remote manual valves, in lieu of automatic valves, in conjunction
with a closed system is acceptable for meeting the requirements of GDC 55 on
anotner Jefined basis, for essentia) safety systems which are intended to
operate following an accident.

RHR Discharge (Penetration X-17)

The containment isolation provisions for the RHR discharge line (penetratien
X=17), as described in the FSAR, are identica) to that for other ECCS lines
(1.€., 1t utilizes a check valve inside containment and a closed system outside
containment). However, when the staff requested TVA to identify an outboard
isolation valve, TVA responded that there was no suitable outboard remote
manual isolation valve because the Sequoyah design called for the motor-
operated (remote manual for containment isolation) valve for this system to

be located inside containment upstream of the check valve. Thus TVA has
proposed to designate the inboard remote manual valve as a containment :so-
lation valve, subject to appropriate operability, surveillance and testing
requirements. This will satisfy the redundancy requirements of GOC 55. While
the proposed designation of the additiona) motor-operated valve as a
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containment isolation valve is acCeptable and necessary, this modification to
the design does not bring the isolation design into compliance with the
regquirements of GDC 55 concerning valve location.

TVA has designated the remote manual valve in the RHR discharge line to the
loop 1 and 3 hot legs as a containment isolation valve. This line has multiple
isolation provisions: a remote manual valve and two missile-protected check
valves inside containment and a closed system outside containment.

The staff concluded that the containment isolation provisions for the RHR
discharge line are acceptable. The exemption for valve location was issued on
December 14, 1987(a).

Relief valve Dischargo (Penetration X-24)

The containment isolation provisions for the relief valve discharge line (dis-
charging to the pressurizer relief tank), as described in the FSAR, consist

of a check valve inside containment and a closed system outside containment.
Again, TVA evaluated the system configuration to identify a second isolation
valve and concluded it was appropriate to identify the three paralle) relief
valves outside containment as the outer isolation barrier. The staff foung it
acceptable to use relief valves outside containment as isolation valves in this
instance because containment pressure is applied opposite to the direction the
valves relieve and acts as a closing force nn the valve. Therefore, the staff
concluded that the designation of the outboard relief valves as isolation
valves, in conjunction with the closed system outside containment, renders the
isolation design acceptable for meeting the requirements of GOC 55 on another
defined basis

Component Coolin water Supply and Return to Excecs Letdown Meat Exchangor
ZEenetrat{ons 5-835 anc x-053

These lines are subject to the requirements of GOC 57, and isolation is
provided by a closed system inside containment and an automatic vaive outside
containment. A relief valve is provided on the system inside containment,
Since the containment pressure would act in the direction opposite to that in
which the valve relieves, the staff found this acceptable.

Chemical and Volume Control System Letdown (Penetration X=01%)

The CVCS letdown meets the requirements of GDC 55 with automatic isolation
valves inside and outside containment. One of the inboard valves is a pressure
relief valve, which relieves to the pressurizer relief tank inside containment.
However, because containment pressure would act opposite the direction that the
valve relieves, thereby acting as a closing force, the staff considered this
configuration acceptable.

Residual Heat Remova) Suction (Penetration X=107)

The suction line from the loop hot leg to the RHR pumps is isolated by two
motor-operated valves in series, which are closed with power removed while the
plant is at power. The valves are interlocked to prevent opening when the
reactor coolant system (RCS) is at high pressure. Both valves are located

TVA SER vol. 2, Part 1 3-56 Revised Preliminary Report



inside containment. The staff considered this configuration acceptable on
another defined basis in accordance with ANS] Standard N271-197¢.

The relief valve inside containment that discharges to the pressurizer relief
tank inside containment is also acceptable per the ANSI standard.

Containment Spray anc RHR Spray Lines (Penetrations X-48A, B, X-49A B)

TVA has indicated in the FSAR that the isolation design consists of a check
valve inside containment and a qualified, closed system outside containment.
GOC 56 is the applicable criterion for these penetrations because these lines
communicate with the containment atmosphere. Since certain penetrations,
including the containment spray and RHR spray, are part of systems required to
operate following an accident, it is imprudent tc follow the explicit require-
ments of GOC 56 and automatically isolate or lock closed the isolation valves.
[n those instances where post-a:cident operation is required, remote manua)
valves are acceptable for meeting the GDC as described by SRP Section 6.2.4 and
the ANSI standarc. For the containment spray and RHR spray line penetrations,
TVA has identified additional outboard valves that have remote manua) closure
capability as containment isolation valves. The designation of those valves as
containment isolation valves brings the isolation design for these penetrations
1nto compiiance with the staff guidelines for meeting GOC 56 contained in the
SRE.

vacuum Relief Lines (Penetrations X-111, 112, 113)

TVA states in its FSAR that the containment isolation design for the vacuum
relief penetrations consists of a single automatic isolation valve located
outside containment. However, the FSAR also identifies spring-loaded vacuum
relief (check) valves in series with the containment isolation valves. By its
letter of January 2, 1987, TVA has identified redundant isolation valves for
these penetrations, including the air-operated automatic isolation valve and
the spring-loaced check valve, both located outside containment. Thus, while
TVA has provided a design that complies with the requirements of GOC 56 in
terms of the number of valves, the staff found that there is a deviation from
the explicit GDC requirements with regard to valve location. TVA, therefore,
requested an exemption from the requirements of GOC 56 for the isolation
provisions on the containment vacuum relief lines. Specifically, an exemption
s required from the requirements of GDC 56 regarding valve location; the
isolation design satisfies the redundancy and valve actuation requirements.

With regard to the adequacy of isolation, the staff concluded that with both
the spring-loaded check valves and the automatic butterfly valves cited as
containment isolation valves, the design is adeguate for assuring containment
isolation. Another consideration is the fact that the first outer isclation
valve, the automatic butterfly valve, is bolted directly to the containment
penetration sleeve. The penetration sleeve between primary containment and the
butterfly valve has been evaluated by TVA to demonstrate that stresses in the
penetration sleeves are well below allowable values in accordance with Branch
Technical Position MER 3-1. Therefore, the staff found that anm exemption to
the requirements of GOC 56 in the case of the containment vacuum relief lines
was justified. An exemption for valve location was issued on December 14,
1987(b).
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Another related issue for the containment vacuum relief line isulation aosi?n
that was considered by the staff in this re-evaluation was the failed position
of the isolation valves, specifically the butterfly valves.

The butterfly valves in the vacuum relfef lines are normally open valves that
are designed to fail-open. This design feature was chosen because the valve-
open position has been evaluated as providing for the greatest safety for the
plant. In the event of an inadvertent actuation of containment sprays or air
return fan operation, a failure of the vacuum relief system to perform its
intended task could result in the collapse of the containment. Since the
valves are normally open, each of the three butterfly valves in the vacuum
relief system is provided with two solenoid actuators powered from redundant
air supplies. Thus, a single failure will not prevent closure of the valve, if
neeced, except if a mechanical failure occurred in the butterfly valve itself.
Both the butterfly valve and the check valve have position indication in the
main control room. The staff concludes that for Sequoyah, due in part to its
Tow capability to sustain reverse differential pressures, the fail-open
position of the butterfly isolation valves is acceptadle.

Blind Flanges (Penetrations X-003, -040D0, -0%4, -079A, -0798, -088, -117, -118)

The containment isolation design for the hvdrogen purge line penetration con-
sists of a blind flange equipped with doudle O-ring seals. The flange is
located outside containment in the auxiliary building. The staff originally
expressed concern over this design because it significantly deviates from the
requirements of GDC 56. TvA responded that there was no intent to use this
penetration following an accident; post-accigent hydrogen contro)l is accom=-
plished by redundant safety-grade recombiners or, in the case of degQraded

core accidents, by the hydrogen igniter system. Therefore, this penetration is
inactive and is prevented by technical specifications from being opened except
during cold shutdown or refueling modes of operation. Under these circum-
stances, the staff concludes that the isolation design is acceptadle.

Several other penetrations also are equipped with blind flanges, including
those for shutdown maintenance access, ice blowing and layup water treatment.

These penetrations are only used in Modes 5 and 6; therefore, the staff fings
this acceptadble.

Spare P

enetrations

Spare penetrations are seal-welded and thus are part of the passive barrier of
the containment structure itself. The staff finds this acceptabdle.

Equipment Hatch (Penetration X-001)

The hatch is provided with a double O-ring sea) as its isolation barrier. The
staff finds this acceptable.
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Personne! Airlocks (Penetrations X-002A, 0028)

The two ainlock doors each have double resilient seals and a mechanica) inter-
lock to prevent both doors from being opened at the same time. The staff finds
that this gdesign provides acceptable isolation for airlocks.

Main Steam (Penetrations X-013A, B, C, D)

The main steam s{stea piping is subject to the requirements of GOC 57. The
safety relief valves form part of the outside containment barrier. The set
point for the valves is greater than 1.5 times the post-accident containment
pressure; therefore, the staff finds these valves are acceptable as isolation
valves in accorcance with SRP Section 6.2.4.

Sump Supply to ECCS (Penetrations X-109A, 0198)

For the lines from the sump to the RHR pumps, a single remote-manual valve
(outside containment) and a closed system outside containment provide the
isolation barriers. This system has an essential post-accident function and
Tts reliability could be adversely affected by the presence of additional or
automatic Ysolation valves. In accordance with SRP 6.2.4, the staff finds this
cg:fgguratio~ 15 acceptable on another defined basis for conformance with

GDC S5s.

Hydrogen Analyzer (Penetrations X-092A, B, -099, X-100)

TVA has mogified the hydrogen analyzer penetrations to provide fail-closed
solenoid-operated valves inside containment and solenoid-operated valves out-
side containment. This satisfies the requirements of GDC 56, and is therefore
acceptable.

Oelta P Sensor (Penetrations x-0258, -026A, -027A, =278, 858)

These sensor lines provide containment pressure inputs to instrumentation.

They are missile-protected and designed for accident conditions. lsolation is
provided by redundant bellows. Considering the safety function of these lines,
the staff fings the isolation provisions are acceptable on another defined
basis in accordance with ANSI N271-1876.

Reactor vessel water Leve) Instrumentation (Penetrations X-025C, -26C, =270,

-
L i

These sensing lines provide indication of reactor vesse) water level and are
required to function after an accident. The lines are armored, filled with
water and sealed. No valves are provided since they could interfere with
performance of the system. The sensor inside containment is sealed, and out-
side containment, a vellows device provides isolation. The staff considers

the isolation configuration acceptable for these lines based on the guidance of
the ANS] standara.

Electrical Penetrations (X-20f to X=170F)

Electrical penetrations are not subject to the valving requirements of GDC 56.
However, the isolation barriers are provided by the epoxy-sealed penetration
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assemblies. The staff finds that this provides adequate isolation for these
penetrations.

Other Issues

As stated previously, as part of a general reevaluation of the Sequoyah con-
tainment isolation design prompted by the NRC team inspection, the staff, in
addition to GOC requirements, also evaluated other issyes related to con-
tainment isolation. First, since the contairment isolation system is part of
the engineered safety feature retwork in that it serves a vita) role in
reducing offsite releases, the staff requires the isolation system meet the
usual criteria for an engineered safety feature system. In that regard, TVA
has confirmed that all containment isolation valves including newly designated
containment isolation valves and al) associated piping meet the standards of
ASME Section 111 Class 2 and are seismic Category I or the equivalent of those
standards. Second, the staff normally requires that al) power-operated con-
tainment isolation valves have position indication in the main control room.
TVA recently confirmed that with the exception of 22 valves, al) other power-
operated valves have position indication in the main control room. Position
indication for the 22 exceptions are provided in either the auxiliary building
or the hot sample room. Installation of position indication for the 22 con-
tainment isolation valves in the main control room is planned for the cycle 4
refueling outage.

Since the local manua) globe valves in the seal water filter outlet )ines and
filter bypass lines in the reactor coolant pump seal injection system provide
the function normally provided Dy remote manual, power-operated isolation
valves, the staff has guestioned the provisions for rosition indication of
those valves. TVA has responded that while those msnval valves do not have
position ingication in the conventiona)l sense of puwer-operated valves, the
valve position is recorde¢ in the plant configura’.ion log that is kept in the
main control room. The staff concludes that Dy this method the licensee
provides position indication in an appropriate ad acceptable manner.

3.6.1.3 Conclusions

Orn the basis of its evaluation, the staff concludes that with the approved
exemptions, the containment isolation design is in accordance with Appendix A
to 10 CFR 50, therefore it is acceptable.

3.6.2 Containment Leakage Testing Program

3.6.2.1 Introduction

As discussed above, Inspection Report 50-327/328 86-20 contained open items
regarding the containment isolation design for certain containment penetra-
tions. By letter dated September 24, 1986, and January 2, 1987, TVA proposed
L0 partly resolve these open items Dy redesignating certain valves as con-
tainment isolation valves. The acceptability of these proposals is addressed
above.  TVA also has evaluated the redesignated containment isolation valves
N regard to the requirements of Appendix J to 10 CFR 50 concerning local
leakage rate testing. The staff's review of this issue follows.
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3.6.2.2 Evaluation

jection Lines (Penetrations X-43A -43
(Tne (Penetration X-16)

TVA states that the valves in these penetrations wil) be sealed with water
during an accident by ECCS pumpe at pressures greater than 1.1 Pa anc with at
least a 30-day supply of water, even considering a single active failure. TVA
nas concludeqd that these valves are not subject to Type C (local leakage rate)
testing.

Based on the above description of the system operation, the staff agrees with
TVA that if these penetrations and associated containment isolation valves are
closed to perform their containment isolation function, they will be sealed
with water via the ECCS pumps with a continuous supply of sealing water from
the containment sumps. In accordance with para?raph I11.C.3 of Appendix J to
10 CFR 50, because the containment isolation valves of these penetrations will
be maintained under a water seal for at least 30 days following the onset »f an
accident, they are not potentia) containment atmosphere leak paths; therertore,
they do not require a Type C test with air or nitrogen. In addition, a water
leaxage rate test is not needed since a continuous supply of sealing water is
proviged from the containment sump,

Emergency Core Cooling System Lines (Penetrations X-22, =33, =32, ~21, -20A,
= 3 '171 '1054 ang 'lfg)

For the high-head and intermediate-head safety injection pumps (penetrations
X=22, =33, =32, ana =21), TVA states that a water sea) is provided during an
accident at pressures greater thar 1.1 Pa and with a continuous supply o
water, even with consideration of a single active failure. Therefore, the
staff fings, by the same reasoning as stated in the last paragraph above, the
vaives 'n these penetrations are not subject to Type C testing.

For the injection Iine penetrations (X-17, =20A, a~d -20B) for the low-head
safety injectior pumps (RHR pumps), a water seal cannot he guaranteed with a
single active farlure of an RHR pump. Any leakage past the two in-series
leak-tested check valves in each line would be into a seismically qualified
closed system, testing is performed to demonstrate integrity of the piping.
TVA requestec an exemption to the Type C test requirements of Appendix J for
these lines. An exemption was issued on January 15, 1988,

For the upper-head injection (UMI) lines (penetrations X-108 and -109), a
limited supply of water would be available for a water sea) during an accident.
The water seal is maintained by the water and nitrogen overpressure in the UKI
accumylator. If this pressure should be lost, any leakage would be contained
in a closed system. Two valves in a test line will be Type C tested with
pressure applied in the opposite direction of containment pressure. TVA
reguested an exemption to the specific provisions of Appendix J for these
lines. An exer~tion was issued on January 15, 1988.
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Containment Spray and RMR Spray Lines (Penetrations X-48A, -48B, -49A. and
=35E)

The containment spray lines (penetrations X-48A and -48B) are considered by the
staff to be water sealed and not potential containment atmosphere leak paths.

A water leg is maintained during normal operation in each riser between a
closed valve and the spray ring header. These closed valves now are leakage
rate tested with water to verify that there is sufficient inventory in the
risers to maintain a water sea) for 30 days, even after the conta‘nment spray
pumps are shut off; this testing is specifically required by Technica) Speci-
fication 4.6.1.2.9. Therefore, the staff concludes that the present testing of
penetrations X-48A and -48B is acceptable.

The RHR spray lines (penetrations X-4%A and =49B) are very similar to the
containment spray lines, except that no leakage rate testing is performed. The
staff would find it acceptable if TVA performed the same type testing as it
does for the “:ntainment spray lines, or normal Type C testing with air or
nitrogen. By letter dated January 2, 1987, TVA has proposed to test the RMR
spray valves in the same manner as for the containment spray lines. Thus, the
staff fings this is acceptable

Relief valve Discharge to PRT (Penetration X-24)

TVA states that all of the redesignated containment isolation valves (which
are relief valves) for this penetration are located in closed systems outside
containment. These are pressurized after an accident and, therefore, the
valves are not subject to Type testing. These valves are connected to the
safety injection system, Cv(S, and containment spray system. The staff raised
the Tssue of whether the seals would be maintained with a single active fail-
ure. TVA noted that installation of block valves to permit Type C testing
woulc conflict with requirements of the ASME Code for relief valves. There-
fore, TVA requested an exemption to Appendix J for this penetration. An
exemption was issued on January 15, 1988.

Hydrogen Purge (Penetration X-40D) and Containment Vacuum Relie!
Iiinctrations X=111, =112, and =113)

TVA is not propesing to redesignate any valves as containment isolation valves
in these penetrations, nor to otherwise change the isolation provisions for
these penetrations. These penetrations presently undergo appropriate loca)
leakage rate testing (Type B or Type C testing) for their curreni containment
‘solation barriers, in accordance with Appendix J. Therefore, the staff fings
the local leakage rate testing of these penetrations acceptable.

Summary
The staff finds that with the above exemptions, the proposed local leakage rate

testing (Type B and C) program for penetrations is in accordance with the
requirements of Appendix J to 10 CFR 50, and is therefore acceptable.
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3.7 Containment Coatings

The deficiencies found during a TVA review of maintenance records relating to
TVA's programs for coatings inside containment are listed below.

" Vendor-coated items had been installed inside containment without being
accounted for in the coatings analysis.

. Some organic zinc primer was improperly applied and random delamination
occurred.

. Coatings were not subject to periodic inspection and a maintenance
program.

i Assumptions were not verified for the calculations that established the
amounts of coatings that could fail.

. The effects of containment temperature for the main steam )ine break
(MSLB) accident on coatings were not assessed.

Following 2 loss-of-coolant accident or main steam line break, water from the
containment sump is used for makeup to the core and for containment spray. The
sump has a B-inch trash curb around the base with 1/4-inch wire mesh screens
that slope upward and outward from the sump to prevent debris from entering.

Failure of coatings during a loss-of-coolant accident or main steam line break
could lead to blockage of sump screens, thus an inadequate recirculation flow
to the core or blockage of spray systems,

As a result of these weaknesses, TVA undertook corrective actions, which
included physical repair of coatings, erection of screens to prevent transport
of material, ang implementation of a program to establish and maintain a log of
the status of coatings and their gualification. As part of this effort, TV

has proposed to establish a new basis for operability of the plant with respect
to the amount of coatings that could fail in a design-basis accident and how
that material is treated in the transport analysis. TVA discussed this
approach in its submittal of September 16, 1987.

The original pasis for qualification of cortings was the accident conditions
resulting from a design-basis LOCA.

The containment temperature profile for the LOCA does not bound the temperature
profile expected from an MSLB. Thus, approximately 12,000 square feet of top-
coated steel and 7500 square feet of concrete inside containment, which were
previously qualified, would not be qualified for the MSLB conditions. There-
fore, the debris from coatings following an MSLB would be more severe than
following a LOCA.

Staff discussions with the licensee and the material manufacturer provided
information about the containment coatings. Carbo Zinc 11 is the inorganic
2inc primer that protects the stee); its continuous temperature resistance is
750°F. Phenoline 305 Primer is a modified phenolic epoxy primer that is
applied directly to steel. Phenoline 305 Concrete Primer is a modified
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phenclic epoxy primer that penetrates deeply into the concrete. Carboline
295w8 Surfacer is a water-based epoxy-polyamide coating used for sealing
irregular cement and concrete surfaces. All of these primers are compatible
with Phenoline 305 Finish, which is the modified phenclic epoxy topcoat. The
topcoat has performed satisfactorily in radiation resistance and decontamina-
tion testingk A1l of the epoxy coatings have a continuous temperature resist-

ance of 200°F and a non-continuous temperature resistance of 250°F.

As & result of this information, TVA re-evaluated the Ticensing basis for the
containment sump screen blockage. In the FSAR, an arbitrary blockage of 50
percent of the screen area had been assumed.

westinghouse performed a physical transport study to determine if the contain-
ment spray and emergency core cooling systems could be operated safely if
debris were present from coating failures. The Westinghouse study examined the
effects on net positive suction head (NPSH) of sump screen blockage caused by
coating and insulation debris. The study focused on a near-sump region that
would be affected by post-accident flow fields and addressed the potential
effects of the return of containment spray flow through the refueling cana)
arains. Both reflective metallic insulation and fibrous NUKON insulation were
includec in the study, as well as other coatings that potentially could fail.

The study indicated that under MSLE and LOCA conditions with sump screen block-
ages of up to 90 percent, adequate NPSH would be provided for the containment
spray and RMR pumps. The study also showed that at least 12 percent of the
SUMD screen area would be protected from blockage by the shielding provided by
3 45~inch-giamete" crossover pipe located directly in front of the screen, an
18-by-E-inch wide flange materia) to one side of the screen. In addition to
the shielding, the sump screen is designed with an upward and outward side
slope from the sump, which further prevents debris from blocking the screens.

On the basis of this information, the staff concludes that a sufficient area of
the sump screen would remain unb)ocked following an MSLB or a LOCA to allow the
containment spray and RMR pumps to operate safely. Therefore, the containment
coatings issue is considered resolved.

3.8 Mogerate Energy Line Breaks

3.8.1 Introduction

In Section 111.15.2 of the SNPP, TVA identified the actions it would take
before restart to correct the moderate-energy line break (MELB) flooding issue.
These corrective actions were originally identified in Sargeant and Lundy
Report SL-4424, transmitted by a TVA letter dated July 2, 1987(b). This report
defined the scope and design criteria for the evaluation as well as the results
and recommendations for corrective actions to achieve safe shutdown during a
MELB flood. The evaluation covered plant operating conditions during reactor
startup, refueling, testing, operation at power, hot standby, reactor cooldown,
and cold shutdown.

In addition to the Sargeant and Lundy report, TVA performed an analysis to
determine the effects of internal flooding during different modes of operation.
The results of this study were used to determine which recommendations (from
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the Sargeant and Lundy Report) must be accomplished before restart and which
could be delayed until later. The staff reviewed the original TVA analysis,
dated March 27, 1987, during an audit. Revision 1 of the analysis was
submitted to the NRC on October 9, 1987.

The purpose of the analyses performed by the )icensee and its contractors was
to demonstrate that safe plant shutdown could be achieved for design=basis MELB
flooding events or to determine what modifizations to the plant were necessary
to achieve spafe shutdown. These studies included the elements listed below.

¢ flood leve) calculations (including field verification of input
parameters)

¢ structural load assessment

g safe shutdown evaluation (including field identification of submerged
Class 1E electrical equipment)

. safe shutdown power supply analysis

’ cable submergence analysis

3.8.2 Evaluatien

The staff's evaluation of TVA's analyses is discussed below.

Flood Leve! Calculations

Two important modeling assumptions were made for the flood leve) calculation
analyses: (1) only one piping failure wis assumed for each MELB event, and (2)
no credit was taken for flow in floor drains. Using these assumptions, flood
level calculations were performed for flooding events in 250 flood 20nes in the
auxiliary, control, diesel-generator, and rea.tor buildings and in the ERCW
pumping station. Two flood levels were calculated for each flood one, one for
flooding so.rces originating within the zone (h1) and one for flooding
originating outside of the 2o0ne (h2).

The duration of fluid inflow from a postulated MELB was generally assumed to be
taken as 60 minutes. This inflow time is significantly longer than for high=
energy line break (MELB) events because of the genera! unavailability of
automatic isolation for moderate energy systems. For most zones (approximately
80 percent) calculated flood levels are independent of the assumed inflow
duration. These levels represent steady-state levels where inflow is balanced
by outflow.

The staff considers the basic assumptions used by the licensee in the
calculation of flood levels to be acceptable.

Structura) Flood Load Assessment

The structural assessment included a review of the affected slabs, beams,
columns, and walls for each z0ne. The qualification of the slabs, beams, and
columns was based on . comparison of postulated flood loads to the allowable

TvA SER vo!, 2, Part 1 3-65% Revised Preliminary Report



floor live loads provided by TVA. Walls were qualified by comparing postulated
flood levels to the wall capacities that were generated by Sargeant and Lundy.
The staff considers this stryctural assessment to be adequate.

Safe Shutdown Evaluation

The safe shutdown evaluation examined MELB flooding on a 20ne by zone basis.
TVA condu:ted field walkdowns to identify Class 1E electrical equipment that
was indicated to be submerged by the calculated MFLB flood levels. When the
field walkdowns verified which essential equipment would be submerged, the
ability to achieve safe shutdown was evaluated for flooding events that could
submerge that equipment. Other Class 1f electrical equipment that could be
submerged concurrently also was considered. Required system controls and
instrumentation were examined throu,h use of block diagrams. Although not
specifically committed to by the licensee, the staff assumed in its review that
essential equipment necessary to achieve safe shutdown, if it were found to be
submerged by the analysis, would be verified as operadble durin? flooding. This
shoulc be done before restart, and such verification most Tikely will be
audited by the staff during an inspection. Otherwise the staff finds the
licensee's safe shutdown analysis to be acceptable.

Safe Shutdown Power Supply Analysis

An evaluation of the auxiliary and the control power systems was made to ensure
the availability of required shutdown boards and contro) circuits. The primary
ot ective of the auxiliary power systems review was to evaluate the likelihood
of increased board loading that would result from equipment that is not safety
related being submerged and to determine if this increased loading could be
sufficient to trip the main breaker. The control circuit study also was
performed to determine if the flooding of shutdown equipment that was not
safety related could potentially gisable required shutdown boards. The staff
considers this approach to be acceptable.

Cable Submergence Analysis

Cables in cadble trays and in conduits were evaluated to determine which would
become submerged if flooding occurred. It was a.sumed that cable trays routed
below the maximum expected flood leve! would become submerged, as would cable
trays routed from floor to floor. Cables in conduits were assumed to become
filled if the conduits have openings or fittings that are not water tight and
if they are located below calculated flood levels. Cables that may become
submerged were identified as requiring flood protection. The staff considers
this approach to be acceptabdle.

Evaluation of Neoprene Sea) Modificatior on 0oor C-14

The October §, 1987 submitta) also provided evaluation of the modification to
fire-rated door C-14, connecting the turbine building floor with the auxiliary
instrument room at elevation 685. The modification will consist of placing a
small strip of nesprene on the door frame sides and on the bottom of the door,
leaving a 1/32-inch gap to the sealing surface. The licensee determined that
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the neoprene seal will not have a significant impact on the fire rating of door
C-14. The staff agrees with this determination.

Summary

The Sargeant & Lundy analysis identifird 10 reconmendations for corrective
action. In adaition, Sargeant & Lundy recommended that TVA consider resetting
the auxiliary buiiding supply fan breaker to reduce the degraded voltage
duration. TVA used the result of this analysis to determine what modifications
were needed to ensure full protection of the plant from MELBs flooding in all
modes of operation,

TVA broke down these 10 items into 27 separate tasks. Six of these tasks are
to be accomplished before Unit 2 restart, and the remaining 21 items wi)l be
accomplished before the end of the next refueling cycle. The {ustificction of
celaying these 21 items unti) after restart is addressed in Calculation
SQN-5Q54-0088, "Justification for Continued Operation with Unimplemented
Corrective Actions for Moderate Energ, Line Breaks." A new item was added to
the 21 post-restart items ir Revision 1 of the calculation. 1In its
SCN-5Q084-0088 calculation, the licensee examined the effects of such factors as
operation of the condenser cooling water pumps, the operability of the annulus
sump alarm system, electrical equipment flooding, and the probability of MELR
occurrences to establish justification for postponing certain action items
until after restart. These factors were used to implement the - 2start require-
ment criteria as listed in the SNPP. Effects of cable submergence, conduit
sealing, spurious equipment operations, backf)ow through drains, safety
injection test mode, and surveillance on flood alarms also were addressed to
Justify the chosen restart actions. Revision 1 to the calculation states that
gegradec bus voltage will be resolved as a generic issue rather than as part of
the MELE issue.

The staff nas reviewed the logic presented in SQN-5Q54-0088 and accepts the
Justification for limited deferral of selected tasks. Mowevor, the staff
believes that possible adverse effects from MELBs can be further limited by
requiring appropriate licensee personne) to familiarize themselves with shutoff
valves for all moderate-energy lines leading to safety-related areas.

3.8.3 Conclusion

The staff accepts the licensee's procedures and assumptions for evaluating MELB
flooding. The staff further accepts the licensee's commitment to complete the
actions listed below before restart.

(1) ensure adequate sealing between the turbine building, control building,
ang the auxiliary building

_—
ro

provice agministrative control for possible flooding in the annulus

—~
o
~

verify that the electrical equipment and electrical boards on the 734' and
743-foot level are above MELE flood levels

(4) wupdate the previous review of unimplemented ECNs to determine if
subsequent ECNs impact the flooding evaluation.
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The staff concludes that completion of these actions (which includes all six
restart tasks) will be sufficient for restart. However, the staff also will
require assurance from TVA of quick response to MELBs in safety-related areas.

3.9 ECCS water Loss Outside Crane Wall/Air Return Fan Operability

3.9.1 Introduction

By letter dated July 8, 1987, and as supplemented August 4, 1987, the licensee
identified a condition involving the collection of water from the centainment
and residual heat removal sprays following a des’ jn-basis accident (DBA).

Spray water collecting on the operating deck floor could drain directly into
areas outside the crane wall through the opening for the containment air return
fan A=A, The concerns were that .his drainage could result in undesirably low
water levels above the sump and in flooding of the air return fan A-A.

3.9.2 Evaluation

The primary purpose of the air return fan (ARF) is to enharce the ice condenser
and containment spray heat removal. The secondary purpose of the system is to
1imit hydrogen concentrations in potentially stagnant regions of containment by
ensuring a flow of air from these regions. Two fans are ~rovided.

The operating deck, located above the containment sump, is designed to collect
falling spray water and divert it to the inner crane wall region through the
refueling canal to the sump. The licensee identified a condition whereby,
during containment spray operation, spray water could bypass its intended flow
Path to the inner crane wall region by draining directly to areas outside the
crane wall through an opening for the containment air return fan A-A.
Subsequently, the equipment access hatch and personne) access door trenches
also were identified as potential inner crane wall bypass leakage paths. These
trenches also would direct spray water through the opening for containment air
return fan A-A.  (The intake for fan B-B is above the floor elevation and this
fan is unaffected by water drainage.)

The licensee has determined that the root cause of this condition to be a
design deficiency that does not adequately prevent spray water interaction with
the ARFs In agdition, the kick plates have not been maintained as required by
dgesign drawings. The kick plates on the operating deck were designed and
installed to prevent runctf at the personnel access hatch. However, a portion
of these kick plates were removed and not replaced because they would have
interfered with movement of the personnel airlock door,

It has now been determined that, had the kick plate been maintained as
designed, the estimated flow runoff through fan A-A would have been reduced.
However, this reduction in runoff would not have been sufficient to preclude
failure of ARF A-A.  The licensee has since installed kick plates of a
different dosi?n that prevent the spray water that has collected on the floor
from draining into the air return fan and settling outside the crane wal)

Excess moisture in the containment atmosphere can be drawn through the air

return fans and then exhausted to the accumulated rooms outside the crrne wall.
Containment spray is designed to cirect spray inside the crane wall only,
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However, for the purposes of the analysis, the licensee conservatively assumed
that they would be a homogeneous distribution of spray throughout the total air
volume abowe the operating deck, including the region outside the crane wall.
Using this assumption, the total rate of entrained water that would pass
through the “wo fans has been calculated to be 70 gallons per minute per fan.
The containment a'r return fans have been evaluated by the vendor and found to
be capable of performing their intended function with this amount of entrained
water in the containment air.

The RHR and containment spray pumps require a 13.2-foot sump water level to
maintain the proper net positive suction head (NPSH). Entrained spray water
that would pass through the air return fans would be diverted from the sump,
thereby, reducing the sump water level and the pump's NPSH. However, to
maintain the sump water level! and the proper NPSH, the licensee has proposed
certain modifications to trap the de-entrainaed spray water and drain that water
back inside the crane wall. The necessary modifications to the drainage areas
outside the crane wa)) (accumulator Rooms 3 and 4) consist of the following:

(1) instal) § inch curbs in each accumulator room, as required
(2) sea) penetrations through the accumulator room floors

(3) wusing 4-inch piping, construct a drain line that runs from each
accumylator room floor to inside the crane wall

(4) instal) orifices on the existing accumulator room floor drain lines to
limit the total flow through them to less than 5 gallons per minute

A1) efforts associated with the curd and drain modifications have been
completed on Unit 2, those modifications for Unit 1 will be completed befire
restart,

3.9.3 Conclusion

The staff concludes that re-design of the containment drainage system will
ensure that spray water will not damage the air return fans or bypass the sump,
therefore, the design is acceptable.

3.10 Platform Therma)! Growth

The SNPP, Revision 1, Section 111, item 15.5, “Platform Thermal Growth," desls
with thermal loads on structures during a postulated LOCA.

On May 15, 1985, TVA received an employee concern on temperature variation in
pipe hangers and supports (IN-85-103-002). As a derivative of this activity,
TVA found that some structural and miscellaneous steel structures were designed
and installed without proper consideration of thermal loading during a
postulated LOCA. The requirements to consider thermal load are specified by
license design criteria SQN-DC-V-1.3.3.1, the Standard Review Plan

(Sections 3.8.3 and 3.8.4), and industry standards.

The special program contains a summary of the issues, a description of the
intent and scope of the program, steps TVA has already taken to correct the
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Tssue, and the status of TVA's corrective actions. The staff's evaluation of
this program plan is discussed below.

The staff reviewed the licensee's criteria dated August 11, 1980, which was
used by TVA as a guide to re-evaluate thermal growths in structures by TVA. In
particular, Section 4.2.2.b load combinations specify to combine thermal loads
(Ta) with other loads such as dead and )ive loads and earthquake loads. The
criteria are generally consistent with the Standard Rexiew Plan; therefore,
they are acceptable.

TVA performed a thorough drawing review to identify the structural and
miscellaneous stee) structures that appear to be thermally restrained to the
point where *hermal growth might damage the structure itself or adjacent
structures. In the suggested corrective action of the Engineering Report (5CR
SQN CEB 86103 RO, Revision 1) a thorough drawing review was recommended and
subsequently performed by experienced design engineers who are familiar with
thermal evaluation A therma) evaluation was then performed for each of those
structures that were identified in the drawing review. The primary function of
the evaluation was to determine if the structure is ductile and if the stresses
are secondary and self-limiting. For those structures that were shown to meet
these criteria, the therma’ load was ignored in accordance with the criteria
and no further action was taken.

The staff found that the licensee's outline of the evaluation of the issue is
reasonable. However, the staff wi) inspect the licensee's calculations to see
1f the criteria are acequately interpretec, 1f the scope of the evaluation is
adequate, and 1f the gquality of the calculations 1s acceptable. The staff also
will review generic implication of the issue: relationship of this issue to
the thermal variation in the pipe hangers/supports as described in the emoloyee
concern IN-85-103-002/Report Number 220 11(B).

For those structures that do not meet the above design criteria, a certain
modification was introduced to the structures to a)low thermal growth in key
memoers. The staff believes that this a)lowance for a free therma) growth will
palleviate therma) stresses in the structures. However, too much alteration of
the structure may change the basis for the floor response analysis of the
equipment since structural natural frequencies may change. This aspect will be
reviewed by the staff guring an audit.

TVA's review a7d evaluation identified four miscellaneous steel structures that
required modifications. The four structures were the instrument room access
platform, the reactor coolart pumps access platforms for loops 3 and 4, and the
Pipe support framing in accumulator room 4. The applicable drawings have been
revised for implementation.

On the basis of its review, the staff concludes that TVA's proposed resolution
procedures are acceptadble.

3.11 Pipe wal) Thinnigngsscsslcnt

3.11.1 Introduction

On December 9, 1586, Unit 2 at the Surry Power Station experienced a catastro-
phic failure of a main feedwater pipe, which resulted from the erosion/
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corrosion of a carbon stee) pipe wall. Although erosion/corrosion pipe fail-
ures have occurred in smal) diameter piping containing a water-steam mixture
and in water systems containing solids, there have not been any previously
reported failures in large diameter carbon steel piping systems containing
high=purity water, thus, the licensee did not have a procedure for the sys-
tematic examination of the thickness of the walls of the feedwater and con-
densate niping.

Main feedwater systems, as wel) as other power conversion svstems, are
important to safety. Failure of piping containing high=ers. gy fluids such as
the feedwsa or system can result in complex challenges to the operating staff
because of potential interactions of high energy steam and water with other
systems, such as electrical distribution, fire protection, and security. The
licensee's commitments for the functional capability of systems containing high
energy fluiads are a part of the licensing basis for the facility; an important
part of this commitment is that piping will be maintained within allowable
thickness values,

3.11.2 Evaluation

Tre staff's evaluation .5 based on Yolume 2 of "vA's Nuclear Perf.rmance Plan
and meetings with the licensee on June 29, September 14 and 30, and October 29,
1987, Information was also obtained from the licensee's response to NRC
Bulletin No. 87-01, "Thinning of Pipe Walls in Nuclear Power Plants," which is
being evaluated separately. TVA's response of September 18, 1987, included its
tests and inspections of piping.

Erosion/corrosion for carbon stee! piping is a combination ¢f rusting and loss
ef material as a result of moving water or steam or both, The licensee se-
lected areas susceptible to erosion/corrosion based on base meta) composition,
flow velocity, pressure differentials, unusua) flow path or geometry, and
operating temperature. Inspection was by visua) anc ultrascnic testing (UT)
methods. The five susceptible systems are listed below.

condensate (single phase)

feedwater (single phase)

extraction steam (two phase)

reater Jrains and vent lines (two phase)
turbine drain and vent lines (two phase)

The licensee submitted inspection reports detailing the extent of wall
thickness testing. In 1983 the licensee replaced a portion of the Unit 1
moisture separator reheater drain tank steel line that had failed as a result
of steam erosion. In 1984 the extraction steam lines were examined. There was
evidgence of wall thinning in some areas, but the thicknesses, as measured by
UT, exceeded the calculated minimum wall values. The piping downstream of the
leve! contro) valves was changed to stainless stee! to prevent future problems.

A preliminary report of the suspected ercsion/corrosion areas on the condensate
and feedwater piping dated January 27, 1987, described the testing procedures
and the selection of locations to hHe tested. Some loss-of-wall thickness was
detected on a reducing elbow downstream of a feedwater pump, but this was
determined Dy the licensee to be the result of cavitation. Erasion/corrosion
had not occurred in the areas most likely to be damaged.
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The recent inspections for Unit 2 are summarized in reports, “'ro)ininar;
Evaluation of the Turbine Building Heat Cycle Piping" dated March 6, 1987, and
‘wall Tninndng Assessment Program Final Report" dated April 8, 1987 Approxi-
mately 70 areas were examined by UT and the results were compared with the
material specification's minimum wal) thickness and the )icensee's design
minimum wall thickness. Any measurement below specifications was noted, and
thosa areas found below or rapidly approaching the design minimum were targeted
for replacement. This data is being used to establish # data base for tracking
purposes. Significant thinning was detected in severa! locations. One
2=1/2-inch high-pressure rehester operating vent line elbow had about 50
percent erosion; this elbow was replaced in al) three lines. The elbows in the
four 16-inch feedwater lines immediately downstream of 12-inch valves were
eroded below the minimus wall value as a result of high loca) water velocities.
These safety-related elbows have been repaired by overlay welding.

Chemical samples were taken of degraded and erosion/corrosion-resistant
fittings. As expected, the resistant fittings contained elements known to give
corrosion resistance while the degraded fittings did not.

The licensee submitted copies of the UT procedures and surveillance instruc-
tions for the wall thinning program. The licensee plans to monitor susceptible
areas and trend the resylts.

3.11.3 Conclusions

The NRC staff concludes that the licensee's inspection and surveillance program
'S acceptadble. The staff finds that monitoring the licensee's implementation
of the surveillance program is not necessary at this time.

3.12 Cable Installation

R number of employee concerns were received relating to construction practices
at watts Bar, particularly with respect to cable installation. The evaluation
of these concerns was extended to the Sequoyah plants

The NRC ang its comsultant, Franklin Research Center (FRC) conducted a review
of installation pocedures at Sequoyah, plant walkdowns, ang interviews with
electricians who had installea cables in the plants. The results of this
révies were transmitted to TVA by letter dated March S, 1987. In that evalua-
tion, the staff concluded that tests should be conducted for Sequoyah before
restart to assess potential damage for three situations: (1) cable pulleys,
(2) cable jamming, and (3) vertical cable supported by 90-degree condulets.

TVA developed a test program to address the staff's concerns, which was subse-
quently revised in consultation with the NRC; this program is described in a
TVA submitta) dated July 31, 1987. TVA has completed its testing of cables for

these three issues, the results were submitted to NRC by letter dated Novem-
ber 20, 1987,

Ouring its testing, TVA identified potentia) insulation deficiencies with sili-
cone rubber insyulated cables supplied by three vendors: American Insulated
wire (Alw), Anaconda, and Rockbestos. Some silicone rubber insulated cables
have failed in-gity high potential (hi pot) tests and some uninstalled, new,
but drop-weight impacted cadles have failed laboratory testing that was con-
Qucted to ascertain the potential for cable damage from normal stresses ex-
pected during shipping, hand)ing, and installation. TVA provided a report on
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these failures pursuant to 1U CF? Part 21 because it believed the findings
could affect other plants. Thare arc about 960 silicone rubber insulated
single conductor cahbles inside containment, toutaling about 60,000 feet.

In a letter dated November 13, 1987, the staff informed TVA that based on TVA's
information developed up to that time, all the silicone rubber insulated cables
at Sequoyah were consigered suspect. Although the generic concerns associated
with the use of this meterial in other plants are under review by the staff,

it was the staff's position that this issue must be resolved for Sequoyah
befere restart. TVA was told that if it elects not to replace these cables,
then TVA will have to demonstrate, before restart, that these catles will per-
forir their intended safety functions in a harsh environment.

On November 24, 1987, in a meeting between NRC and TVA, TVA presented results
from tests conducted at Wyle Laboratory. The results were also submitted to
the staff in a letter dated November 24, 1987. The results demonstrate that a
significantly lower insulation thickness thai originally anticipated is
necessary for installad cables to perform their intended function during and
after a LOCA.

In a letter dated December 28, 1987, TVA documented its basis for concluding
that the silicone rubbe» insulated cables installed at Sequoyah are adequate

to perfarm their intended fun~tion. TVA also informed the staff that, as a re-
sult of a decision made before the Wyle Laboratory test results were known,

all the AIW cables in safety-related harsh environment applications and the
associated Anaconda 2nd Rockbestos cables mixed in the AIW cable conduits in
Unit 2 containment have been replaced. These cables were replaced with cables
acceptable to the staff.

The staff has reviewed the TVA test data and concluded that the remaining in-
stalled silicone rubber cables--Anaconda and Rockbestos--are acceptable for
service. The Wyle (adboratory tests represent partial qualification of the
silicone rubber cables for & period of 10 years, which provides sufficient mar-
gin for startup. However, TVA will qualify the cables for the expected life

of Sequoyah pefore return to operation from the refueling outage.

3.13 Fuse Replacement

Bussman, the KAZ fuse manufacturing company, informed TVA in early 1986 that
K&Z actuator devices cannot be used as a fuse in 6 ampere or lower rated
125-volt cc circuit and 600-volt ac circuit applications. The device can only
be used in parallel with a higher rated fuse, so that when the higher rated
fuse blows, the KAZ also blews; and the indicator pin actuates the annunciator
circuit,

In June 1986, TVA decived to replace the KAZ actuators with MIS-5 indicating
fuses manufactured by Bussman. However, Bussman c.uld not previde fuses that
had been seismically qualified. Hence, TVA ccntracted Northern International,
Inc., to supply seismically qualified MIS-5 fuses. As of October 1986, TVA had
replaced approximately 2,500 KAZ actuators with MIS-5 actuating fuses.

In October 1986, TVA suspected that MIS-5 fuses were defective because of the

failures that had occurred, and suspend installation of MIS-5 fuses. A 10 CFR
Part 21 report was submitted to NRC «n October 29, 1986.
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In January 1987, TVA contracted Littlefuse, Inc., to supply indicating fuses,
FLAS-5 model. TVA contracted Wyle Laboratories to sefsmically qualify the
FLAS-5 fuses. The FLAS-5 fuse consists of a fuse wire, 560 ohm resistor,
spring-loaded indicator pin, and sand-like filler. The indicator pin is
mechanically attached to the spring. At the end of the spring, the resistor
and the fuse wire are soldered together. The solder material used is a eutec-
tic alloy that has a low melting point. During overcurrent or fault condi-
tions, the solder joint melts and releases the indicator pin. The indicator
pin serves tq cause annunciation enly and does not trigger any safety features.

TVA installed the FLAS-5 fuses by March 1987, and Region I1I completed the in-
spection (Inspection Report 50-327/328 87-20) during the week of March 23, 1987
and found the replacement acceptabie. However, on June 20, 1987, an FLAS-S
fuse blew in a diese] generator (0G) start circuit that started all four 0Gs.
TVA investigated the problem and found that FLAS-5 fuses from lots 2 and 3 were
inadvertently blowing without the componant in service or any other activity in
progress. Discussion with Littlefuse, Inc. revealed this to be a creep failure
problem introduced during the manufacturing of the fuses in lots 2 and 3.

The problem was believed to be corrected by changing the solder material and
soldering process during the manufacturing of suosequent lots. TVA submittec a
licensee event report dated July 21, 1987, on this problem.

By letter [November 17, 1987(b)], TVA submitted the testing performed on the
FLAS-5 fuses to determine the cause of failure in lots 2 and 3 and to demon-
strate the reliability of subsequent Tots of fuses.

Scanning electron miscroscope photographs indicated partial melting was present
in a1l of the failed fuses Those photographs showed a large amount of
Porosity in the solder and one fuse with almost no solder. These problems
point out the poor quality control exercised during the manufacturing process
of these fuses. This was a preliminary conclusion before the creep failure
mechanism was identificg by later tests. TVA also subjected four fuses from
lot 3 and four fuses from lot 6 to a temperature of 200°F under no electrical
load. The first fuse from lot 3 failed within 12 hours. A1l other fuses from
lot 3 failed within 80 hours. The first fuse from lot 6 failed at 44 days and
the last fuse from lot 6 did not fail even after 71 days.

It should be noted that bismuth was included in the solder for fuses in lots 2
and 3 while cadmium was used on fuses from lots 4 and higher. Bismuth, because

of its low melting point, is believed to be the cause of failure of the fuses
in lTots 2 and 3.

TVA also subjected these fuses to a long-term curreit test. Fuses from Tot 3
were subjected to 2 ampere and 4 ampere circuits. Out of 20 fuses, 11 fuses
failed in the 4 ampere circuits within 33 days. The first fuses failed within
5 days. In the 2 ampere circuits, only one fuse failed (at day 26) during a
test of 40 days. No fuses from lots 4 and 6 failed in the long=term current
test.

TVA, at its Singleton Materials Engineering Laboratory, has performed tests on
the FLAS-5 fuses with cadmium bearing solder (lots 4 and upward) to evaluate
the temperature dependence of the creep rate. During these tests, TVA
conducted limited stress rupture tests on the fuses at 100, 120, and 143°F.
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These data combined with results of tests performed by Littlefuse, Inc. at 78
and 200°F provide the predicted service life of the FLAS-5. These tests prove
that soldering material used in these fuses are expected to undergo a
time-dependent increase in length (creep) under a constant load aL elevated
temperatures. TVA also has measured the temperature rise above ambient at
various points of the FLAS-5 fuses. Based on the expected life tests and fuse
temperature rise tests, together with knowledge of fuse loading and ambient
temperature, TVA has predicted the service life of the.solder junctions to be
80 months average and 25 months minimum.

TVA also has performed short circuit tests on samples of both types of fuses in
which the bismuth solder fuse indicating mechanism operating in 37.15 seconds
whereas the cadmium indicating mechanism operated in 37.45 seconds, an insig-
nificant time difference.

TVA has committed to replace bismuth solder FLAS-5 fuses from lots 2 and 3 with
cadmium solder fuses before operating at mode 4.

On the basis of these tests, it can be reasonably determined that the failure
of the fuses had been caused by a creep problem. These tests also prove that
cadmium solder fuses from lots 4 and tigher are more reliable and will have
less tendencies of failure because of the creep problem than bismuth solder
fuses of lots 2 and 3.

VA has informed the staff that cadmium fuses (FLAS-5 lots 4 and higher) have
blown because of short circuit conditions and not creep failures as experienced
with lots 2 and 3. Based on the test results and experience with the FLAS-5
cagmium solder fuses from lots 4 and higher, the staff finds the replacement
fuses acceptable. However, because the analysis performed by TVA on the
service life of the solder junction is pr-dicted to be 80 month on the average
and 25 month minimum, TVA should either replace these fuses every 25 months or
extend the life of these fuses with further testing and analysis based on the
ambient conditions and failure rates of these fuses.

TVA SER Vol 2, Part ] 3-7% Revised Preliminary Report



4 RESTART READINESS

There are a number of programs necessary for safe conduct of nuclear activities
at Sequoyah. These include management performance, maintenance, quality assur-
ance and training. The management controls, initiatives and procedures related
to these activities are discussed below. Numerous inspections of the effective-
ness of these programs have also been conducted and will continue.

4.1 Operational Readiness

4.1.1 Introduction

TVA has historically demonstrated weaknesses in performance of nuclear active
ities as nas been discussed in previous Systematic Assessment of Licensee
Performance (SALP) reports. On September 17, 1985, on the basis of continued
pocr performance as described in the fifth TVA SALP, the NRC issued a letter
delineating their concerns pursuant to 10 CFR 50.54(f).

Enclosure 2 to the staff's 10 CFR 50.54(f) letter posed certain questions to
TVA regarding

(1) equipment qualification (Questions 1 and 2)
(2) operational readiness (Question 3)

(3) cable tray support (Question 4)

(4) design control (Question 5)

Items (1), (3), and (4) are discussed in Sections 3.2, 2.5, and 2.1, respec-
tively, of this report. Operational readiness wil) be discussed in this
section.

TVA has undertaken a significant effort to address and correct operational
readiness issues. A special Sequoyah Task Force was estab)ished by the
Manager of Nuclear Power on March 19, 1986, to identify problems and initiate
those actions necessary to resolve the problems before restart of either
Sequoyah unit.

The Sequoyah Nuclear Performance Plan (SNPP), Revision 1, Section V, provides
the assessment and plans for resuming operation of the Sequoyah units and dis-
cusses those topics related to operational readiness.

TVA has stated that the overal) purpose of operational readiness is to provide
the Site Director with verification that activities, programs, and commitments
required for restart are completed.

This is to be accomplished by gesignating an Operationa! Readiness Manager who
reports to the Manager, Ofrice of Nuclear Power (ONP) and an SQN Operationa!
Readiness Manager who reports to the Site Director.

The Operational Readiness Manager provides independent oversight of the develop-
ment and implementation of the operational readiness program and assists the
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site in ensuring the program adequacy while also providing independent assess-
ments and evaluations to the Manager of Nuclear Power.

The Site Director will use the results of the operational readiness program and
other status reviews to make his recommendation for Unit 2 restart to the
Manager, ONP. The Manager, ONP, will not approve restart of Unit 2 until he

is satisfied that al) preparations for restart have been satisfactorily
completed. .

The SQN Operational Readiness Manager assesses whether corrective action plans
have been established to address the underlying causes of deficiencies or
problem areas, evaluates the adequacy of corrective action, reviews the close-
out practices and provides comments to improve the process and program contgnt.
The SQN Operationa) Readiness Manager is responsible for working with the site
and line organizations to obtain verification of program implementation, to
obtain verification of organizationa)l readiness through the evaluation of per-
formance objectives, and to develop the restart prerequisite checklist. The
checklist will be used to verify that hardware issues directly impacting system
operability are closed before applicable mode changes.

4.1.2 Evaluatior

Success of the o. :rationa) readiness program is contingent upon the successful
implementatior of the three program elements: the SNPP completion of Volume 2
programs, the establishment and assessment of performance objectives, and the
restart prerequisite verification (Restart Test Instruction 1.1-Master Test
Sequence).

Implementation of the first element wil) be to verify (1) that restart activ-
ities as defined in the Sequoyah Activities List (SAL) have been completed,
(2) that SNP? Volume 2 text statements of intention have been completed, and
(3) that major projects, having broad impact on other plant activities, have
been completed prior to restart. Some long-term program enhancements will be
open at restart and will be tracked through routine NRC observations of the
TVvA corporate commitment tracking system.

The purpose of the performance objectives evaluation is to ensure that site
organizations function effectively and are prepared for plant restart and
operation. Generic performance objectives and criteria have been established
and assigned to site organizations so that they may address the areas of pro-
cedures, staffing, supervisory involvement, internally and externally identi-
fied findings, housekeeping, and readiness of support organizations during
restart. Additional performance objectives and criteria have been developed
for the functional areas of organization and administration, document control,
maintenance, training, licensing, engineering, and configuration control,
Performance objectives in these functicnal areas also have been assigned to
the appropriate site organizations.

TVA's performance objectives are based on the guidance provided by "Perfor-

mance Objectives and Criteria for Operating and Near Term Operating License
Plants," INPO 85-001, Institute for Nuclear Power Operations, January 1985,
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This interim operational readiness evaluation will include the following:

establishing appropriate objectives and criteria

evaluating readiness against established criteria

assessing impact of deficiencies identified

developing and implementing additiona) corrective actions for identified
deficiencies

. verifying that performance objectives have been met and readiness is
assured

o o o o

TVA has established plant instructions and tracking systems to ensure that
hardware issues directly impacting system cperability are closed before mode
changes. To ensure that these hardware issues are complete, a restart pre-
quisite checklist has been developed. This checklist was developed by the

SQN operational readiness staff and serves to consolidate hardware operability
issues, including those listed below.

maintenance or work request backlog

outstanding clearances

mouification status

outstanding temporary alteration control forms (TACFs)
outstanding preventive maintenance packages
instrumentation availability

outstanaging hardware-related PROs and SCRs

0O 0 0o 0o 0 0 0

The restart prerequisite check)ist will be provided to the Sequoyah Restart
Test Manager for inclusion in the plant restart test sequencing instruction,
This instruction will previde for PORC review and plant manager approval of
results prior to leaving specified hold points. In addition to incorporating
the restart prerequisite requirements, this instruction will address the com-
pletion of required special testing during the restart of SQN.

TVA will provide two reports, an initial report and a final report to document
the operational! readiness program.

The initial report provided

the status of each SAL item
thne status of each Volume 2 restart text intention
closure criteria approved by the principal manager for each defined major
project/issue
. the status of the performance objective/criteria evaluations
. a copy of the current draft restart checklist

The final report will provide

. a revised update of the initial report to document operational readiness

. a detailed description of the remainin? open items
the specified mechanism for ensuring closure and the method by which ¢lo-
sure will be documented for open items

. the final restart prerequisite checklist as submitted to the SON Restart
Test Manager
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A parallel, independent assessment of operational readiness was performed by
the ONP Operational Readiness Manager. This review was conductad by senior
personnel with plant experience from both inside and outside TVA. The team
provided its findings and ~ecommendations to the Manager of ONP in a letter
dated January 5, 1988. This managerial group may be augmented from time to
time by additional senior personnel within or outside TVA to provide special
expertise in particular areas. Further, the Manager, ONP, has requested that
the SQN Nuclear Safety Review Board (NSRB) review the SNPP Volumes 1 and 2 and
the actual status of preparation for restart of Sequoyah units from a safety
perspective. ' The NSRB has reviewed and accepted the overall approach out)ined
in the SNPP. The Board also has reviewed the special programs and certain
secondary hardware issues and the onsite safety review process, maintenance
pianning and procedure development. The Board will review the restart test
program, and, on the basis of these reviews, it will provide NSRB recommenda-
tions to assist the manager in his restart decision.

The initial report has been reviewed by the staff. The NRC staff will review
and evaluate the final report and the Independent Readiness Review as part of
the ongoing staff evaluation of the implementation of the Operational Readiness
Review Program.

4.1.3 Conclusions

Initially, the staff believed that TVA needed to clarify the meaning of hardware
issues in the paragraph describing the restart prerequisite verification element.
In addition, provisions needed to be included to ensure that TVA assesses
hardware operability for the cumulative effect on system performance. Overal)
the staff has concluded that the implementation pertion of the operational
readiness program represents a realistic and systematic format to ensure that
plant activities, programs, and commitments required for restart are completed.

On the basis of its review, staff finds that this program is acceptatle. As
cesigned the program should provide the Site Director and Manager of Nuclear
Power verification that activities, programs, and commitments required for
restart are completed.

4.2 Management

4.2.1 Introduction

TVA's SNPP states that in the past there has been a lack of clear assignment

of responsibility and authority to managers and their organizations. To cor-
rect this weakness, TVA has reorganized the Sequoyah site organization. TVA
also has taken specific actions to clarify each manager's authority and arez

of responsibility and to estadblish accountability. TVA also has programs under
way to improve the level of plant knowledge of plant managers and supervisors.

The staff has reviewed several efforts by TVA to improve the management and
organization at Sequoyah and agrees with the type of programmatic changes being
made. The staff inspected some of these programs during Inspection 50-327/328
87-59, the purpose of which was to evaluate the management systems at Sequoyah
by focusing on the following specific functional areas: operations, maintenance,
quality assurance, modifications. engineering, and licensing. The inspection
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looked at the process by which TVA was implementing th: commitments in Volume I
and Volume 11 of the TVA Nuclear Performance Plan.

4.2.2 Evaluation
4.2.2.1 OQOrganization at the Sequoyah Site

Sequoyah site organization is organized into functional depariments that gen-
erally paralte! the functional departments in TVA's headquarters Office of
Nuclear Power. The functional alignment of the Office of Nuclear Power is
discussed in the staff's SER of the Corporate Nuclear Performance Plan
(NUREG-1232, Volume 1). 1In that SER, the staff stated that corporate func-
tional area managers are responsible for the technical direction in each func-
tional area at each of the nuclear sites. The Sequoyah site organization show-
ing this functional alignment is presented in Figure 4.1. Each site functional
department is responsible for a discrete type of function.

The Sequoyah Site Director, through his organization, approves and controls

all activities conducted on site. The Site Director is responsible for plan-
ning, scheduling, coordinating, and providing direction for the activities of
the site organizations. The Plant Manage , Site Services Supervisor, Manager
of Projects, Planning and Schedulirg Supervisor, Financial Planning Supervisor,
Radiclogical Assesssor, and Personnel Services Supervisor report directly to
the Site Director. The site Project Engineer, Licensing Manager, Site Quality
Manager, Site Procedures Staff Manager, and Modification Manager report to the
Site Director for day-to-day functiona' supervision, but each of these individ-
uals reports administratively and technically to his director in the corporate
office. The Site Director maintains an interface with the Directors of Nuclear
Engineering, Nuclear Licensing and Regulatory Affairs, Nuclear Quality Assur-
ance, Nuclear Construction, and other TVA srganizations to ensure effective
implementation of corporate goals and objectives.

The Sequoyah plant organization is shown in Figure 4.2. The Plant Manager is
responsible for conducting the day-to-day plant operations in compliance with
licensing regulatory requirements. A plant management organization has been
implemented with a unit superintendent assigned to operations and a unit super-
intendent assigned to maintenance.

In summary, the staff considers the site organization acceptable and in ac-
cordance with the guidance of Section 13 1.2 of the Standard Review Plan,
NUREG-0800.

4.2.2.2 Responsibility, Accountability, and Authority

As described in the revised Corporate Nuclear Performance Plan (CNPP) the lines
of authority and responsibility have not always been clear. To correct this
problem, TVA is revising the position description program.

The position description program is a continuing program that is constantly
being updated. After the organization charts and functional statements are
approved, & great many of the position descriptions will need to be rewritten.
NRC recognizes that this will be a large effort. Position descriptions have
been written for each manager within the Office of Nuclear Power (ONP). Posi-
tion descriptions define the functions, responsibilities, reporting relation-
ships, and qualification requirements for each management position. Each
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position description will erentually be written according to TVA Procedure

No. 0906.01, "Position/Organization Control Process." The line manager is
responsible, for the position descriptions for managers and the job descriptions
for non-managers. Job descriptions are essentially the same for non-managers
and managers.

Organizational charts will include functional statements for each group
depicted on the chart. Interface agreements between organizations will define
accountability and will be part of the organizational chart approval process.
Each organizational chart is being signed by the Director of ONP. The process
provides strong centralized contro) of the organization development process.

The Organization Charts Manual will be a controlled document that contains
approved charts, thereby providing control. A position control system wil)
provide a number fo~ each position within ONP.

In summary, the position/organizational control process establishes the controls
necessary to develop and maintain position descriptions, job descriptions,
organization charts, and staffing plans. The process has very strong corporate
management direction. However, because of the large number of organizations

and individuals involved, the process is moving slowly.

4.2.2.3 Management's Level of Plant Knowledge

TVA has taken action at SQN to increase the level of plant knowledge in its
line managers. Figure 4.3 shows the staffing qualifications necessary for key
Sequoyah plant managers and supervisors. In addition, many other site super-
visors have received the systems portions of either managers and engineers
certification training or STA training.

The‘Hanagers and Engineers Certification Program provides an opportunity for
individuals with a degree, who are consicered to be potential candidates for
upper plant management positions, to receive training necessary to gain simula-
tor certifications. This program is designed to provide the trainee with an
extensive knowledge of plant theory and operations. Included in the program
are 15 weeks of systems and theory training along with 7 weeks of simulator/
operations training. Candidates must pass comprehensive written and ora)

gxam*na;iows similar in nature to SRO certification examinations before receiv-
'ng their simulator certification.

Technical training for technical staff and managers is one of the TVA training
programs accredited by INPO, Sequoyah Procedure 202.17 describes the require-
ments for the TVA Technical Staff and Manager Tra'ning Program, which is de-
signed to provide general technica) training needed by plant technica) person=
nel. It is no% intended to supply discipline-specific training. The Management
Training Program provides management and supervisory skil) training.

Tng firsg phase of the technical staff and managers training is called the
orientation phase. The orientation phase is nocrmally accomplished within the

first 18 months of holding a technical staff position. The following training
1s included;

°  General Employee Training
. Plant Reference Material
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¢ Nuclear Codes, Standards, and Regulations
. Plant Modification and Work Contro)
Plant,Systems and Components

o

After the orientation phase, several types of advanced phase training are
available. Procedure 202.17 outlines the typical contents of Segment 1 and
Segment 2 and portions of the advanced phase training.

These programs have resulted in increased management involvement in technical
training. The staff believes that these programs should contribute to the
overall technical and managerial capabilities of the Sequoyah management
thereby enhancing plant safety.

4.2.2.4 Management Goals and Objectives

The lTevel of management involvement in controlling work practices has been
inconsistent at Sequoyah in the past. To address this problem, the Manager of
Nuclear Power established new goals and objectives, as listed below.

v ensure that Sequoyah has a strong, effective management team with ¢lear
Tines of responsibility, authority, and accountability

fully implement required prerequisites for safe operation of Sequoyah
bring Sequoyah back into operation expeditiously
conduct operation of Sequoyah in a safe and efficient manner

Create a working environment built on trust anc confidence that wil)
permeate the entire organization

Each of the stated goals is supported by several objectives to achieve the goal.

The staff endorses the goals established for Sequoyah. While achievement of
these goals would not, by itself, resolve al’ past problems that have been
identified, it would produce an atmosphere conducive to resolving the control
of work practices.

4.2.2.5 Communications

Since every employee has responsibility for safety, employees must receive and
understand the relevant information. Therefore, the staff endorses the import-
ance of communication channels within SQN organizations as wel)l as be*ween
Sequoyah organizations and coprorate offices. Inspection Report 50-327/328
87-59 addresses these issues. In that report, the staff found that the com-
munication channels at SQN are adequate.

4.2.2.6 Procedures

TVA has a program to upgrade all of its procedures to correct documented defi-
ciencies, incorporate organizational changes, and reflect plant modifications.
A short-term effort will focus on the technical content and clarity of TVA's

nuclear operation and surveillance procedures. TVA intends that the long-term
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procedures-upgrade program will ensure that recent industry and NRC concerns,
such as human factors considerations, are properly addressed.

Long-term and short-term actions are under woy to improve the plant proce-
dures. Procedure development or revision is recessitated by (1) documented
deficiencies or weaknesses in the existing procedures, (2) results of completed
plant modifications and system walkdowns, and (:) changes in responsibilities
and authorities as a result of the organizaticna changes that have been made.
The short-term effort will consist of the developrent or revision of those
procedures necessary to support plant restart. Changes that are not necessary
prior to plant restart will be handled as part of the long=term procedure
upgrade program.

The long-term procedure upgrade program is a corporate-wide effort that will
extend beyond restart of a Sequoyah unit. As part of this program, the
Sequoyah plant procedures will be incorporated into an overall five-tiered
package of policies, directives, standards, procedures and instructions that
will govern the operations of TVA's entire Office of Nuclear Power. A Site
Procedures Group has been established on a permanent basis at Sequoyah to par-
ticipate in this leng-range program. The group will assist the line organiza-
tions in gdeveloping and revising site procedures and instructions and will be
responsible for scheduling, tracking, editing, verifying, incorporating good
human factors practices, and coordinating the review and approval of site
precedures.

An interim directive or plan has been issued that provides a description of
the overall impiementation plan for the TVA Nuclear Procedures System. This
plan includes requirements that control both the transition period and the
implementation process. TVA has indicated that its nuclear management has
placed increased emphasis on compliance with procedures and will monitor
compliance. Supervisors must ensure that there are proper procedures in their
areas of responsibility. Personne) performing the work must follow the appro-
priate procedures or initiate management approval for a temporary change to
the procedures. The nuclear headquarters staff and the site QA manager are to
monitor compliance with procedures when they conduct their plant performance
assessment activities.

On the basis of its review, the NRC staff finds TVA's proposed actions
acceptable.

4.2.2.7 Management Training

Management training is conducted by the Management Training Branch, which

is part of the Division of Nuclear Training, but also reports directly to the
Manager, Nuclear Power. The primary functions of the Management Training
8ranch are listed below.

" develop productive supervisors

o increase utilization of appropriate and efficient supervisory skills

¢ assist supervisors/ranagers in moving from a reactive management style to
a proactive management style
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facilitate the development of consistent management throughout the ONP

The Managepent Training Branch personnel document and track training perform-
ance of supervisors and managers within ONP. In addition, the Branch eva)uates
the training as it is conducted and provides feedback to line management.

Each of the core courses is taught by TVA although vendors may be involved in
such things as the nrinted materials. The core courses are Orientation to
Nuclear Supervision (OTNS), Supervisor Development Course (SOL), and Managing
for Productivity (MFP).

On the basis of its preliminary review, the NRC staff finds the management
training program acceptable.

4.2.3 Conclusion

On the basis of its evaluations, the NRC staff concludes that TVA has accept-
ably addressed the Sequoyah-specific management concerns and weaknesses.

4.3 Quality Assurance

4.3.1 Conditions Adverse to Quality (CAQs)

TVA has acknowledged that it had not always taken timely action to resolve
conditions adverse to quality in its nuclear activities. This problem included
a lack of upper-leve! management involvement and a lack of timely processing

of conditicns adverse to quality involving multiple organizations.

TVA took actions to improve performance, including those 1isted below.

standardization of CAQ reporting and of the method used for determining
significance

automatic escalation to higher levels of mana-sment when the timeliness or
responsiveness at lower levels is inadequate to resolve the CAQ

training of personnel on use the of new CAQ process

frequent status meetings

. procedure changes requiring prompt assessment of safety significance
when a CAQ is identified

The staff finds that the Measures described in the SNPP (Section 11.2.5) for
handling CAQs are acceptable. ™77 inspections (see Inspection Report 50-327/328
87-55) have shown that significani management attention is being directed to
this program but that problems still exist that will take time to fully resolve.
These problems include additional employee training, accurate problem tracking,
and general procedure compliance.

4.3.2 Quality Assurance Program
The TVA organization for quality assurance (QA) that has Seen in use since

mid-1376 is described in a Topical Report TVA-TR75-1 entitled, "QA Program
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Description for Design, Construction, and Operation of TVA Nuclear Power
Plants.” This report contains organization charts, a description of the
organization, and the QA responsibility assignments. The staff has reviewed
and approved program revisions that have been submitted by TVA. However,
although the staff acceptec each QA program described by TVA, problems were
encountered in programn execution, and the staff's systematic assessment of
licensee performance (SALP) reports for TVA nuclear activities from 1980
through mid-1985 showed a need to improve QA. .
As noted in the revised SNPP, TVA's nuclear QA and quality control (QC) func-
tions had not been effectively unified in a single department. One nuclear QA
organization was responsible for conducting corporate-level audits, a separate
nuclear QA group within the construction division was responsible for inspect-
ing construction activities, and a third nuclear QA group within engineering

was responsible for conducting audits of engineering activities. To further
compound the problem, each nuclear site had its own QA group responsible for
QA/QC activities at that site. As a result, TVA's nuclear QA activities were
not conducted according to a consistent set of programs and procedures, and the
QA groups reported to various management groups within TVA, thereby diminishing
the visibility and importance of these activities to top-level management. As

a result, the staff believes that the QA program has not always been implemented
on an effective, consistent basis.

The staff evaluation of TVA's Sequoyah Quality Assurance Program is based on a
review of SNPP Section 2.6, "Quality Assurance."

Under the new organization, the responsibility for all nuclear QA/QC functions
has been consclidated under the Director of Nuclear Quality Assurance, who
reports cirectly to the Manager of Nuclear Power. This responsibility includes
all QA/QC activities related to engineering, construction, and operations, as
well as QC inspections of construction and maintenance/modification activities.

A standarized TVA QA program, nuclear quality standards and directives, and
mode! QA procedures for the sites are being developed. The standard nuclear
QA program is to be implemented at each site, with site-specific adjustments
allowed only if (1) they do not degrade the level of quality provided by the
standard program and (2) they are approved by the Director of Nuclear Quality
Assurance.

The staff concludes the overal)l revisions to the TVA nuclear quality assurance
program as generally described ir the ro.ised SNPP represent QA programmatic
improvements and, if properly implemented, are acceptable.

TVA submitted to Region Il (May 1986) a revised and upgraded version of its QA
topical report for NRC review. The repori described the then-current organiza-
tion and QA procedure system. After a review of the report and a meeting with
TVA representatives, the staff forwarded a request for additional information
to TVA. TVA revised the topical repourt to address these staff questions and
to fully reflect the organization of the Office of Nuclear Power.

Determining if the changes in the TVA QA topical report will resolve past
problems can only be done by observing TvA's performance over an extended
period. As noted above, the problems in TVA's nuclear activities occured under
a previously approved QA program, however, that program was not implemented
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The root causes of the 13 trips associated with equipment malfunction or fail-
ure were identified. Long-term corrective actions consisting of preventive
maintenance, design reviews, and posting of warning signs to prevent recurrence
were taken for five trips. (No long-term corrective action was felt appropriate
for the remaining eight trips.) Structured to reduce these types of equipment
malfunction/failure-induced trips, TVA's preventive maintenance program includes
the following:

g Critica] plant equipment that can cause scrams is inspected and tested
during each refueling outage.

# Vendor simulators are used for testing systems.

» Preventive maintenance on important equipment is minimized while the
plant is operating.

v Instrumentation and control (I1&C) technicians verify that control systems
are functioning properly by stroking components through their full range.

Major ecuipment performance is monitored so anticipatory corrective action
can be taken before a scram.

A design change to provide automatic control of feedwater bypass regulating
valves was installed to reduce the trips that occurred from manual contro!
during startup and shutdown evolutions. Additiona) feedwater system modifica-
tions made as a result of the Davis-Besse event will improve the auxiliary
feedwater system reliability.

To address those trips caused by personne) errors. TVA has implemented the
following aaditional training:

N I&C technicians receive a half day of systems training each week as part
of the continuing training program.

Simulator training is provided for 14C technicians, engineers, and certain
maintenance personnel based on availability of stimulator.

Newly hired technicians must complete a certification program that in-
¢ludes procedures, policies, system training, and practical factors.
Certification must be completed satisfactorily before a technician performs
unassisted testing.

On-the-job training is conducted by a forem2) as part of the training/
qualification process.

vendor training programs are used for critical plant equipment (¢.9-,
electro-hydraulic control, governors, and motor-operated valves).

Operations personnel receive training on plant modifications before new
equipment is placed in service. (Single element feedwatér controllers

have been added to the Sequoyah simulator and are used during operator

retraining.)
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Trainees, including available auxiliary operators, observe and, in some
cases, recefve hands-on experience during such plant evolutions as
startup, synchronization, and shutdown in the control ronm.

Operations personnel are given additional in-depth training on balance of
plant equipment.

TVA has implemented the following practices to reduce plant trips through
increased personnel responsibility and enhanced ront-cause determinations:
. beginning to assign a system engineer to be responsible for each plant
system

performing a comprehensive post-trip review for each reactor trip

. delaying startup unti) a multi-discipline committee reviews the trip to
determine the cause and implementation of corrective actions (A historical
data base is maintained to allow analysis and trending by scram cause
codes. )

participating in the Westinghouse Owners Group, which has a program for
investigating each scram

As documented in the SNPP and the special NRC Inspection Report 50-327/328
€5-46, TVA has taken positive steps to improve plant reliability through trip
reduction. Based on its review of the SNPP and the information yained from the
special inspection, the staff has conc)uded that the actions taken by TVA to
recuce reactor trips are acceptable.

4.4.2 Limitation of Engineered Safety Features (ESF) Actuations

To reduce unnecessary challenges to safety systems and maint: 1 system avail-
ability, TVA has an estab)ished program to limit spurious/uniccessary ESF
actuations,

In 1985, the number of spurious unnecessary ESF actuations was significantly
recuced from the number that occurred in 1984. The main contributors to the
number of ESF actuations historically have been containment ventilation isola-
tions and auxiliary building isolations caused by spurious and inadvertent
radiation monitor high radiation trips. To reduce the number of isolations,
TVA initiated several actions.

One of the actions taken by TVA was to have the Chemical Engineering Section
revise the sampling instructions to coordinate activities with operations and
to block the applicable radiation monitor channel before changing filter paper
or obtaining air samples. Additionally, proper sample flow on monitors is
verified once per shift, thereby limiting spurious high radiation actuations
due to sampie flow switch actuation from low flow conditions.

Other actions have included raising the set points for the noble gas channels
of the upper and lower containment monitors from 20 percent to 40 percent of
the allowable value of the technica) specification. NRC has approved a tech-
nical specification change to raise the set point of the fuel pool radiation
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monitors to further reduce the number of auxiliary building isolations caused
by movement of contaminated trash and elevated background radiation levels.

Time de1ay'relays have been incorporated on the vent monitors in the contain-
ment, control room, auxiliary building, and fuel pool to reduce the impact of
short-duration electrically induced spikes on these radiation monitors. The
General Atomic RP-30 radiation analyzer has been modified on the noble gas and
air particulate channels to operate with an upper level and a lower leve)
discriminator, and radiation monitor signal cables have been instilled in
conduit on all ESF and effluent radiation monitor channels.

The spurious and unnecessary ESF actuation reduction program has been effective
"2 reducing the number of actuations caused by electrical noise. Although the
program has been less effective in reducing personnel errors during testing
activities, continued upgrading of the implementation of this portion of the
program will help to increase its effectiveness.

On the basis of its review, the staff finds TVA's program to limit spurious and
unnecessary ESF actuations acceptable.

4.4.3 Review of Findings From Davis-Besse Event

TVA assigned a task team to evaluate NRC Generic Letter 85-13, which trans-
mitted NUREG-1154 in response to the staff's findings of the June 9, 1985
Oavis-Bessie event, and an INPO report entitled "The Operatinnal Performance

of Auxiliary Feedwater (AFW) Systems in U.S. PWRs 1980-1984."

A special NRC inspection team (Inspection Report 50-327/328 85-46) reviewed
TVA's evaluation of NUREG-1154 and the INPO AFW report. TVA's evaluation
adgressec the significance of the Davis-Besse loss of main and auxiliary feed-
water event with respect to Sequoyah. TVA used the INPO report to review the
Sequoyah AFw system for problems that have been experienced by other utilities.

As discussed in the SNPP, the nine major topics from the Davis-Besse event that
were evaluated are listed below.

. interaction of plant security features and operator actions
» availability of shift technical advisors (STA)

reliability of the AFw containment isolation valves and other safety-
related valves

reliability of AFW pump turbines
reliability of power-operated relief valves
adequacy of control room instrumentation
adequacy of plant procedures

adequacy of safety system testing

” acceptability of current safety assessment methods
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The NRC inspection team confirmed that the interaction of p.ant security fea-
tures and operator action problems that occurred at Davis-Besse would not have
occurred ap Sequoyah. Additionally, the STA would be available at Sequoyan
during such an operational event.

Unlike Davis-Besse, Sequoyah's AFW system does not have any containment isola
tion motor-operated valves (MOVs). However, raliability problems with other
MOVs in the AFW system, as well as with the main feedwater isolation valves,
have occurred as a result of improper limit switch settings. TVA is implement-
ing increased MOV maintenance, and the motor-operated valve and test system
(MOVATS) is being used to adjust limit switch settings.

Operator training sessions have been conducted with the Unit 1 turbine driven
auxiliary feedwater pump covering problems experienced by operators during the
Cavis-Besse event, and a laminated sign has been installed near the turbine
throttle valve with a drawing of mechanical overspeed trip. Management has
indicated that all operators will receive training of a similar nature before
startup of either unit, and annual simulator training on a complete loss of
feedwater (norma) and emergency) has been implemented.

Sequoyah surveillance programs provide some assurance of operational readiness
of the power-operated relief valves (PORVs). However, TVA does not support the
automatic block valve closure suggested in NUREG-1154 as a potential remedy
for PORV failures. The acoustical monitoring instrumentation for both units
s located in the common area of the control room, approximately equidistant
from the Unit 1 and Unit 2 controls. TVA has evaluated the adequacy of the
location of the acoustic monitors and the pressurizer tail pipe temperature
indicator during the detailed control room design review. TVA will relocate
the acoustic monitors to the panels that contain the tail pipe monitors. The
staf‘ s safety evaluation report assessing the adequacy of the control room
design review and TVA's corrective actions was issued on August 27, 1987

TVA's evaluation of NUREG-1154 shows that the Davis-Besse event should not
occur at Segquoyah because of severa) differences. Sequoyah's design provides
tuo.motor-driven and one turbine-driven AFW pump per unit, as opposed to
Davis-Besse's two turbine-driven pumps. Also, Davis-Besse only has two steam
generators where Sequoyah has four, with only one required for decay heat
removal. Additionally, Sequoyah does not have an automatic system like Davis-
Besse's steam and feedwater rupture control system, which could allow a single
operator error to totally isolate AFW. Tota) isolation of AFW at Sequoyah
réquires several deliberate manual operations for each AFW pump anu could not
be accomplished by a single operator error.

On the basis of its review, staff finds the TVA actions in response to Generic

Letter 8513, combined with its AFW reliability improvement program, are
acceptable.

4.4.4 Review of Nuclear Overations Experience
In January 1985, Tva transferred the responsibility for experfence review to

the site. At.that timg, Sequoyah assigned the Site Services Group the funce
tien of handling such items and made several program improvements
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4.5 Post-Modification Testing

Past NRC inspections have identified problems with respect to the adequacy of
testing on systems and components following modification. TVA assembled a task
force to review the Sequoyah post-modification testing (PMT) prograr. The

task force examined 124 completed engineering change notices (ECN) to check

the testing that was performed. In addition, TVA committed to review al)

Unit 2 or common ECN packages associated with the systemps that are within the
scone of Phase 1 of the design baseline verification program (DBVP) that have
been issued since Unit 2 receivea its license. These TVA programs are
discusced in Appendix 2 of the SNPP.

The staff inspected modification testing July 28 through August 1, 1986 (Inspec-
tion Report 50-327/328 86-43). Two violations were identified with respect to
failure to specify a required surveillance test in the work package and improper
changing of PORC-approved procedures. In response to the PMT task force re-
view and the NRC notices of violation, TVA has improved its plant procedure on
PMT. Training also was conducted on specification of correct testing in the
work plans

TVA conducted a review 0f al) work plans issued after the post-modification
task force review and identified 115 modifications that wil) need additiona)
testing to document functional operability. The staff is following the
scheduled testing as discussed in Inspection Report 50-327/328 87-30.

The staff subsequently conducted a rein.pection which examined 16 DBVP system
evaluation reports for adequate screening by TVA of work plans and ECNs (Inspec-
tion Report 50-327/328 87-18). while isolated deficiencies were identified, the
staff's overall conclusion was that the licensee had adequately determined
testing requirements for previous modifications.

The staff concludes that the programs instituted by TVA to address post-
modification testing are acceptable.

4.6 Surveillance Instruction Review

4.6.1 Introauction

Staff reviews and audits of Sequoyah surveillance instructions (Sls) identified
technical and administrative weaknesses in these instructions. To remedy these
weaknesses, TVA has undertaken a comprehensive and disciplined program to re-
view and revise these instructions. The program has undergone several evolu-
tions since it was initiated in the summer of 1986. These changes have resulted
in increasing the technica)l and administrative depth of reviews, the scope of
reviews, the independent evaluations of the process and its products, the field
verification of SIs and their supporting instructions, and the technical content
and specificity of SIs. The staff has evaluated the program that has existed
since January 1987, which includes the improvements and was discussed in TVA's
March 24, 1987 submittal and in Section 11.2 of the SNPP,

4.6.2 Evaluation
The staff assessment of the descriptive material providing the basis for the

TVA program to review and revise certain Sequoyah Unit 2 SIs that implement
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responsible for instruction preparation because the second section is normally
responsible for performance of the instruction.

The Technical Support Section (TSS) ensures that personne) are appropriately
trained to perform the review in accordance with the established checklist
and that the review is properly documented. This section ensures that there
is an SI to satisfy each applicable technical specification surveillance
requirement; in cases where the surveillance requirement is satisfied by more
than one instruction (each instruction partially satisfying the requirement),
this section ensures that the group of instructions fully satisfies the
surveillance requirement.

The staff concludes that since most of the personnel performing the review had
previously approved questionable instructions, it is appropriate for TV to
specify the training/screening process used to ensure that reviewing personne)
have adequate systems knowledge and expertise in their assigned areas.

An independent review group (IRG) is responsible for verifying that the check-
1ists used to determine the need for instruction revision have been properly
compieted and for verifying that the reviews are performed by trained and
qualified inaividuals. The IRG ensuies that updated drawings are appropri-
ately reflected in the SIs whenever these affect the instruction. The IRG also
conducts independent technical reviews of a sample of the revised procedures to
énsue that program objectives are being met. The IRG selects the instructions
Lo be reviewed so that representative instructions are sampled, but the IRG
also may perform the functions of qualified individua) reviews while performing
such independent reviews, As of the first week in March 1987, the IRG had per-
formed 186 independent reviews for the primary purpose of identifying defici-
encies in the detailed process and approach being used by the responsible
section. These reviews were conducted at various stages in the section re-
vision anc approval process so the problems cou'd be remedied at the earliest
possible time. The IRG provided written comment to each responsible section.

The future activity of the IRG wil) concentrate on review of instructions after
they have been released Dy the responsible sections into the approval cycle.
The IRG will review about 10 percent of the instructions introduced into the
approval cycle.

The site quality assurance (QA) organization reviews instructions during the
Plant Operations Review Committee (PORC) approval cycle and performs program
surveillance. In addition, QA is performing technical reviews of selected
instructions to ensure that the program is achieving its objective. Since the
program began in the summer of 1986, QA performed technical reviews of instruc-
tions in various stages of the revision and approval process and determined
that program changes were necessary, its comments were provided and changes
were implemented. To provide additiona) assurance that the program objective
s being achievea, QA wil) perform a technical review of at least 10 percent
of the instructions that have been submitted for PORC approval,

The program calls for a detailed checklist to be used during the technical
review of an instruction to identify technical deficiencies. Part I of this
checklist focuses on the technical adequacy of the instruction, with an
perability evaluation being performed only if the instruction is found to be
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technically inadequate. Part 1] of the checklist focuses on the administra-
tive agaguacy of the instruction, but all items within this section do not
need to be fulfilled to ensure instruction adequacy. Part Il of the check-
list does not have to be completed for this program. Certain items in Part Il
of the checklist, such as SRO approval to perform the test and verification or
double verification signoffs, stem from other documents and are checked to
ensure necessary compliance.

A number of sburces identified instruction deficiencies that needed to be
remedied. These sources include INPO reviews, NRC inspection reportis, employee
concern reports, QA deficiency reports, corrective action reports, conditions-
adverse-to-quality reports, and audit reports. These deficiencies are listed
and tracked by the site procedures staff in a temporary tracking system. This
staff ensures that these deficiencies are satisfactorily resolved, as appro-
priate, when the instruction is reviseu. Such deficiencies include correct
identification of site organization and organizational responsibilities.

The developed checklist is used during the training for personnel performing
the reviews, Most of the involved individuals (about 80 percent) received
this training on December 10, 1986. The remaining personnel received training
using the training package at other times. The 1ist of trained personnel is
maintained by the IRGC and is used to ensure that the evaluations of instruce
tions using the checklist are performed by these personnel. This appears
inconsistent with the description of the duties of the IRG in the organization
description where it is stated that the TSS will ensure appropriate reviewer
training takes place and is documented. It is not clear why tne roles of the
two groups are indicated this way. The staff believes that IRG also should
verify that training has taken place to ensure that the reviewers are indeed
trained

Reviews of the procedures revised by the responsible sections are performed as
part of the onsite independent review, as specified in Sequoyah Nuclear Plant
Standarcd Practice SQA21. SQA21 lists the organization members of the PORC and
identifies the qualifications of individuals who may function as qualified
individuals in the performance of review. The appendix to SQA21 lists the
incividuals (by name) who 1.2et the requirements anc¢ have been approved by the
Plant Manager as qualified to perform qualified-individua) reviews.

validation and verification are important activities that help to ensure that
the procram objective is accomplished. Tre fundamenta) purposes of the vali-
dation and verification activity are to en:ure that the instruction is correct
and accomplishes the intended purpose, trzt the instruction is clear to the
performer, that it is written to a sufficient level of detail, that the plan:
equipment and instruction identifications are consistent, and that the instruc-
tion can be accomplished by the performer without reference to information or
consultation with personnel not indicated in the instruction.

The technica) specifications do not permit full parformance of a surveillance
instruction that involves manipulation of equipment and changes in critica)
safety system components (CSSC) configuration until the instruction has been
aporoved. TVA has reviewed the plant conditions and techrica) specifications
and has not found a reasconable justifiable approach to satisfy this interpreta-
tion and constraint. In addition, there are some instructions that cannot be
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validated by performance until applicable plant conditions and configuration
are attained.

.
TVA has adopted a progressive validation and verification approach that obtains
the best validation and verification permitted by plant conditions and the
approval status of the instruction. During the latter cstages of instruction
preparation, the rasponsible section will perform or has performed nonmanipula-
tive walkdowns to confirm that t.e instruction is correct. Once the instruc-
tion has beer through the approval cycle and appropriate plant conditions are
attained, the responsible section will perform or has performed a validation by
actual performance. TVA anticipates that performance may involve temporary
changes in the instruction because some weficiencies may not reasonably be
discovered without performance at requisite conditions. Any such changes will
be made according to approved procedures This would only be acceptable to the
staff if, after the problems were resolved, those temporary changes necessary
for performance of the surveillance instruction were permanently incorporated
into the affected instruction, the revised instruction is approved by PORC, and
the newly revised/approved instruction is then performed satisfactorily out in
the field.

In aodition to the valigation and verification activities described above,

this program involves an independent sample review of SIs by personnel not
involved in their preparation, review for approval, or performance. These
personnel will review a 20-percent sample of the SIs for clarity and complete-
ness, and they will observe the validation (walkdown or performance) of at

least 10 percent of the instructions in the field to he'p ensure that they are
performed as written. The guidelines for this activity are drawn from “Proce-
dures Evaluation Checklist for Maintenance, Test and Calibration Procedures

Used in Nuclear Power Plants,” NUREG/CR-1369, Revisinn 1 (September 1982). This
activity also has a progressive character as a result of plant configuration
limitations, but it will be performed only with approved instruction. The staff
has determined that the program should clearly indicate the necessary qualifi-
cations of personnel who will be used to perform this independent sample review
of Sls. Since such persornel are not involved in *he preparation, review for
approval, or performance of these surveillance instructions, the program should
explicit)y define the persons allowable relationship to the surveillance
instruction and the required level of training and expertise for these ancillary
reviewers.

4.6.3 Conclusions

On the brsis of its review and the NRC inspections, the staff concludes that
the Surveillance Instruction Review and Revision Program has produced adequate
procedures to support Unit 2 startup. However, the staff believes that the
program for long-term control of surveillance instruction upgrades, including
resoiution of the issues of temporary changes, qualification of reviewers, and
schedule, needs to be provided to completely resolve this issue.

4.7 OQperability "Look Back"

As a result of violations regarding the adequacy and timeliness of corrective
actions for repetitive equipment failures and out-of-tolerance conditions,

the licensee implemented a trending and tracking program at Sequoyah (see also
Section 4.8, Maintenance) Because this program was geared toward identifying
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As a central part cf their corrective actions, in part to address the results
of this report, TVA wil) increase maintenance management jnvolvonont by
stressing personnel accountability. This will be accomplished through

bettar review and improvement of maintenance procedures : _

placing emphasis on trending equipment failures and preventive maintenance
reciuiring improved training of craft personnel

monitoring and use of astat)ished performance indjcators

o o o o0

4.8.2 Evaluation

The NRC staff evaluated the scope, organization, and methodology of TVA's
maintenaice program and found it to be adequate.

NMRG Study Findings

The NRC staff has reviewed the scope and findings of the NMRG study of Sequoyah
maintenance and finds that it was a comprehensive evaluation of the maintenance
programs at the TVA sites and corporate offices. The performance areas re-
viewed were based on those identified in the INPO guidelines for the content of
maintenance at nuclear power stations and included competent programmatic re-
views and field observations of maintenance activities. The staff noted that

the findings of the NMRG study closely parallel those findings identified by
NRC inspections.

The NMRG study states that the most significant improvement areas needed, in-
cludec the aggressive correctiun and prevention of hardware problems, corporate
involvement in nuclear maintenance, and implementation of challenging goals

and objectives for maintenance. The discussion on correction and prevention

of hardware problem cites the diffusion of responsibility for maintenance
control and checks, the lack of aggressive and coorcinated efforts to solve
preblems and a lack of clear accountability for solving specific problems.

Specifically, the NMRG found deficiencies in corporate involvement in the main-
tenance program, inadequate training and qualifications of planners, preventive
maintenance program deficiencies, inadequacies in maintenance instructions and
the performance of instructions and work requests, deficiencies in the planning
anc scheduling of maintenance, inadequate control of maintenance activities,
failure to provide adequate post-maintenance testing, problems with materials
suitability, inadequate control of maintenance tools and equipment, lack of
management involvement in ongoing maintenance activities, incomplete maintenance
history programs. a failure to use trending techniques to guide maintenance,
ineffective quality assurance reviews of maintenance, and a lack of follow-
through on corrective action for maintenance deficiencies.

TVA's maintenance plan addresses the findings of the NMRG report and also
dadresses the role of SQN plant management in emphasizing adherence to SQN
procedures. TVA's actions ta address the NMRG findings are discussed below.

- Agressive correction and prevention of hardware problems

SON has reviewed the tachnicuy) specifications and the FSAR for maintenance
requi.ements, corrective action for deficiencies noted in the maintenance
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program are being implemented (SNPP Section 11.4.3.2). This will be
completed before restart.

SQN has established a Maintenance Planning Section under the Maintenance
Superintendent to plan, coordinate, and prioritize work (SNPP Sec-

tion I11.2.2.2). Administrative controls have been strengthened to ensure
that preventive maintenance is performed as planned.

Training will be provided to maintenance planners on post-maintenance test-
ing that will enable the planners to specify adequate post-maintenance
testing reguirements to ensure equipment operability. This training also
will provide instruction on determining the required level of detail needed
in maintenance plans and instructions. Training will be completed before
restart.

SQN's long-term approach to correct deficiencies includes the following:
(1) SQN will hire outside specialists to assist in a complete update of
the preventive maintenance program, which is expected to extend over at
least 2 years. (2) A master plan wil) be developed to address space and
equipment needs for the maintenance groups by March 1988. {(3) A struc-
tured training program will be developed and implemented for maintenance
planners that will develop the requirements and skills for planners.
This will ensure that new and existing planners can capably develop and
issue work instructions. (4) Finally, SON has hired a Preventive
Maintenance Manager who reports to the Maintenance Superintendent and is
responsible for implementing and improving the preventive maintenance
program,

The NRC staff agrees that completion of these actions will help to correct
and prevent hardware problems through increasing resources dedicated to
maintenance and better equipping the maintenance organization %o handle
gay-to-day maintenance activities.

Corporate involvement in nuclesr maintenance

TVA corporate management is dedicated to providing more corporate direc-
tion for nuclear maintenance and establishing a viable preventive
maintenance program.

A position has been established for a corporate Nuclear Maintenance
Manager. This manager will be responsible for developing and implement-
ing improved maintenance programs and policies at all TVA nuclear plants.
Knowledgeable maintenance personnel from all nuclear sites will contribute
to these maintenance improvement efforts under the guidance and direction
of the corporate Nuclear Maintenance Manager. Although each nuclear site
will remain responsible for planning, scheduling, and executing its own
maintenance, the corporate Nuclear Maintenance Manager will be responsible
for regular assessment of the effectiveness o/ site maintenance and for
assisting site maintenance personnel with needed improvements.

Significant corporate-initiated improvements have been planned. These
improvements will emphasize reducing recurring corrective maintenance,
improving use of preventive maintenance, and adherence to established
preventive maintenance routines.
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These actions should programmatically help to focus management's attention on
factors that have in the past contributed to maintenance program weaknesses.
However, management must aggressively pursue its attention to and oversight of
the maintenance program.

Maintenance Instruction Enhancement

A writers guide has been included in SQN Plant Procedures (SQM-1) and al)
maintenance procedures submitted to Sequoyah's work processing group after
June 30, 1986, are in accordance with the writer's guide and SQM-1. Cumbersome
maintenance instructions will be replaced with stand-alone instructions and
procedures with a series of steps will be minimized. Generic maintenance
instructions wil) be incorporated into specific procedures. Experience and
improved procedural quality also will be incorporated into procedures as they
are updated. C(raftsmen will be instructed to review maintenance instructions
with their foremen, to list any suggestions to improve the instructions for
future use anc to prepare new maintenance instructions for major maintenance
work related to critical safety system components (CSSC) equipment.

Maintenance instruction clarity, consistency, and accuracy are of paramount

importance in a successful maintenance program,; implementing these enhancements
should improve the maintenance procedures.

Long-Term Preventive Maintenance

TVA has embarked upon a systematic effort toward shifting maintenance emphasis
and resources from corrective maintenance and short-term operations support to
proactive, long-term preventive maintenance for Sequoyah. This effort will be
focused through:

» Efforts to improve preventive maintenance, which include increasing super-
visory perscnnel within the Mechanical Maintenance Engineering Section,
continuing to use the Plant Vibration and Diagnostic Unit, establishing a
Maintenance Trending and Environmental Qualification (EQ) Section, increas-
ing electrical maintenance participation in the development of preventive
maintenance instructions, performing detailed review of the technical
specifications ang FSAR to ensure that ma .ntenance reguirements for
preventive maintenance are identified, and establishing a Reliability and
Performance Branch within Design Nuclear Engineering.

. Establishing significant enhancements in the area of motor-operated valves
(MOVs), which includes developing a comprehensive safety-related MOV pro-
gram for visual inspection, lubricating and testing Unit 2 MOVs during the
Cycle 3 outage, forming a composite crew with cross disciplinary experience
to perform maintenance on MOVs, and developing a history data base for each
valve. The MOV testing and maintenance program is based on the motor-
operated valve automatec test system (MOVATS) and uses equipment and
training of personnel provided by MOVATS, Inc.

¥ Providing better contro) of measuring and test equipment (MATE) by assign-
ing primary responsibility for control of out-of-calibration MATE to the
site services organization that maintains a computerized data base for
MYTE and providing each maintenance group with a qualified individual to
perform the MATE out-of-tolerance evaluations.
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A proactive, long-term preventive maintenance program is essential for an effec-
tive maintenance effort at a nuclear facility. The NRC staff views positively
TVA's efforts to shift maintenance emphasis and resources from corrective
maintenanca and short-term operstions to a proactive, long-term maintenance
program.

Maintenance Training

Sequoyzh management is fully committed to upgrading its maintenance training
programs by seeking INPQ accreditation. The instrument maintenance training
program was accredited in January 1987. Mechanical and electrical maintenance
training programs were accredited May 7, 1987.

Mechanical craft personnel have completed training on Limitorque actuator
maintenance, emergency diese] generators, systems familiarization, air compres-
sors, bearings, rigging and various pumps and valves. Electrical craft person-
nel have completed training on Limitorque actuator maintenance, emergency
diesel generators, ac and dc motors, control circuits, generators, and MATE.

INPO accreditation of TVA's entire safety-related maintenance training programs
provices an adeguate basis for NRC staff acceptance of these programs.

Additional Maintenance Restart Activities

The Sequoyah Operations staff will review the pre-start checklist of surveil=
lance instructions, system status files, configuration logs, and TACF logs to
getermine the status of plant systems as required by general operating instruc-
tions (GOI), GOI-1 and GOI-2. SI-604, "Essentia) Instrumentation Operability
Verification," also wil) be performed by the instrument maintenance ?roup to
ensure that the esse~tial surveillance instrumentation needed to monitor plant
processes during normal operating conditions is available and operadble. The
Maintenance Department will also review outstanding maintenance requests on
safety-related equipment to ensure that unworked items wil) not degrade equip-
ment or impecde operator action necessary for safe :peration of the plant,

To assess the reliability of technical specification equipment, potential
reportable occurrences (PROs) initiated for equipment failures that occurred
between January 1984 and December 1985 were reviewed to determine if the
corrective maintenance performed was adequate to prevent recurrences. Ten
items required additional action; all will be completed before restart.

In addition to these initia) efforts, Sequoyah has performed an evaluation of
plant equipment operability. This effort included evaluating PROs associated
with the plant maintenance sections and interviewing plant managers, senior
engineers, and senior reactor operators. The evaluation of the PRD history
files provided assurance that equipment deficiencies identified therein, from
the beginning of the PRO program unti] the start of this evaluation, had been
properly dispositioned. The interview process provided input from senior plant
personnel with years of experience in operation, testing, and maintaining plant
equipment. These two processes together provide a high level of confidence
that any deficiency with safety equipment was identified and properly disposi-
tioned. This review of plant equipment operability has been completed and
items identified as required for restart will be scheduled and completed before
restart,
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4.8.3 Conclusions

The NRC staff has conducted a series of maintenance inspections at Sequoyah to
ensure that TVA has identified the programmatic problems and is taking adequate
corrective action to correct the deficiencies. The staff has inspected the
actions TVA has taken to correct the deficiencies related to the restart of
Sequoyah. The inspections included an evaluation of the program as outlined in
this SER and an assessment of the current status of the Sequoyah maintenance
program as well as a review of corrective actions for NRC open items and a
review of status of SNPP commitments and NMRG findings.

The staff concludes that significant progress has been made in improving the
maintenance area. The structure of the maintenance organization has been
evaluated and numerous constructive changes in the maintenance organization
have been accomplished.

TVA engineering and management staffs have devoted many staff hours to identi-
fying the problems in the maintenance areas and finding solutions to these
problems. Management interest in improvements has been shown by the dedica-
tion of management resources to this area, including additiona) staff, addi-
tional time spent in plant staff engineering reviews, and additional management
effort dedicated to reviews such as the NMRE study and equipment operability
study (CES)  Support of management iniatives is indicated in the dedication of
the plant and corporate staff to achieve improvements.

Ouring recent inspections the staff determined that TVA had spent s;gnifiC|nt
resources in resolving the issues that have been identified by the NRC, NMRG,
employee concerns program, and other review groups. The staff confirped during
recent inspections that the plant has issued a comprehensive action plan for
resolution of the NMRG findings and has estab)ished tracking systems for
restart and long-term issues

In addition, progress has been made in establishing effective programss for
preventive maintenance and corrective maintenance and in establishing clear
assignment of responsibility and accountability.

Through interviews and reviews of resumes, the staff observed that managers in
the maintenance area are well qualified and are aware of their responsibilities
in the implementation of the maintenance program. The staff alsoc observed that
upper management, both plant and corporate, supports the implementation of
corrective and enhancement efforts.

The staff noted that managers do not adequately address long-term program
development and that improvements are needed in time management, interface with
support groups, and stabilization of the corporate organization.

Interviews indicate that TVA has taken the first steps in resolving these
problems as evidenced by:

(1) TVA has conducted 3 time study of managers at the plant and has identified
problem areas. It is the staff's understanding that this study involved
evaluations of management skills, work processes, climate and stress
factors, facilities and t20)s and that a report with recommendations on
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improving the utilization of management talent will be provided to TVA in
the near future and evaluated by TVA for corrective actions.

(2) The staff noted that the maintenance management appears to be working
with support groups to establish effective interfaces as evidenced by
management planning meetings with QA and utilization of SROs in the work
pianning process.

(3) The sta/f noted that the permanent corporate organization is beginning to
take shape with the hiring of several very capable managers. The staff
feels that the corporate organizations can have a significant impact on
the establishment of an effective program, but believe that the stabili-
2ation of the corporate staff is essential to making this a positive
impact and not a regative impact

Therefore, the NRC concludes that TVA's Maintenance Program is acceptable.

4.9 Restart Test Program

4.9.1 Introduction

In response to employee concerns, TVA conducted a reassessment of its plants'
operational safety. A major re<review of the Sequoyah Nuclear Plant, Unit 2,
initial design, construction and operating practices has been conducted and a
Restart Test Program (RTP) was also instituted to ascertain in functiona)
Integrity of tne accident mitigation and safe shutdown systems. The program
s gescribec in TVA letters of May 26 and July 6, 1987,

The NRC has concucted several inspections of the restart test program as
documentec in Inspection Reports 50-327/328 87-30, £7-43, 87-54,

The principal objective of the RTP is to intti1] confidence that all pre-
operational tests conducted during initial plant licensing and surveillance
inspections routinely conducted following plant licensing and during the long
plant shutdown are valid te:ts that can ensure the current functional integrity
of sa’<ty systems and components. This assurance is required because the func-
tional integrity mignt have been jeopardized by plant modifications, maintenance
practices, or the like.

This assurance is obtained by reviewing post-modification and maintenance tests
and any other tests, or programs that might have a potential impact on the
validity of the subject tests.

The scope of the RTP includes renewed testing of integrated safety system func-
tions, beyond periodic surveillance requirements at the component or subsystem
level, equivalent to the pre-operationa) test program. Such testing is being
considered for systems where major modifications could have potentially altered
system performance. TVA is presently reviewing all major plant reassessment
programs (e.g., Design Baseline and Verification Program, Calculations, and
Post-Modification Tests) and has determined that a form of integrated testing
is required for (1) portions of the onsite power supply system (diesel genera-
tors), (2) the auxiliary feedwater system, and (3) the heating ventilation and
air conditioning (KVAC) system
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The main systems identified by the RTP that will require testing to ensure
their functional integrity are those systems reviewed by the Design Baseline
and Verifigation Program (DBVP). The 5BVP was instituted to assess the ade-
quacy of the plant design and the as-built plant configuration and reconcile
potential differences between the design basis and plant mocifications. The
systems reviewed by the DBVP are the accident mitigation systems that are
included in Chapter 15 of the plant FSAR, and the safe shutdown systems. The
RTP included verification of the normal functions of these systems.

The accident mitigacion and safe shutdown systems that were identified by the
RTP for testing, were further subdivided into component ¢ subsystem level
functions for which individual functions tests are being conducted. In this
program, the integrated performance of the main system function is largely
ascertained from vali® individual component or subsystem level tests.

The restart test organization as established to implement the RTP and con-
sists of the restart test group (RTG) and the joint test group (JTG).

The RTG consists of test personnel who report to the Restart Test Manager.

This group is responsible for developing the function review matrix, function
analysis reports, test outlines (all contained in a function analysis package),
detailea test instructions, as well as detailed test plans and schedules. The
group also s responsible for performing required testing and preparing test
analysis packages, which contain a function test matrix, test analysis report,
test instructions, and completed test results.

-

The JTC is responsible for review and approval of various aspects of the RTP.
The function review matrix (FRM) is developed by the RTG to list the identified
functions, the tests that acceptably prove these functions, the programs that
were reviewec for potential impact on these functions, the results of this
review, ana any applicable remarks. This matrix is primarily used for internal
control ang tracking by the RTG. This matrix is presented to the JTG as part
of @ function analysis package developed by the Restart Test Engineer.

A function test matrix is developed by the RTG to 1ist by system the identified
functions, the results of the function test reviews (which include test results),
and any remarks. This matrix is completed after the final JTG review of the
test analysis package. The JTG reviews and approves the test matrix before it

is transmitted to the Site Director.

A restart test program punch 1ist is generated by the RTG to provide an inter-
nal method for identifying and tracking open items generated during a review.
Open items on this 1ist have unique idertifiers to facilitate tracking.

Design functions of systems covered by the RTP are developed by the Division of
Nuclear Engineering (DNE) and additional functions may be identified by the RTG
as a result of the function review process. As identified previously, these
functions include systems required to mitigate FSAR Chapter 15 events as well
as systems required for safe shutdown of the plant. Normal functions of these
systems also are included. A function under review that affects one or more
additiona) system (interface function) is tracked on the FRM to ensure adequate
revies in the function review process. These functions are cross-referenced to
a previously completed test or a test planned to be implemented during restart,
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such as a surveillance test or post-modification test. The identified test
documents are reviewed to verify that they contain test results that prove the
adequacy of the function in the as-constructed condition. This process is docu-
mented in the functional analysis report (FAR). If it is determined, however,
that a particu’ar function is not adequately tested, new test instructions are
generated (special test instructions) and scheduled for implementation at the
appror.iate time during restart to demonstrate acceptable operation of the
idertified function, L
The above decisions, as well as any applicable test results, documented in a
test analysis report (TAR), that are required to prove the functions, are
reviewed by the JTG which, in turn, presents its recommendations to the plant
operations review committee and the Plant Manager for review and approval.

Several procedures were written to address the various aspects of the RTP,
including the restart test organization, quaiification of restart test
directors, and the RTP methodology.

4.9.2 Evaluation

Although the RTP gia not repeat the pre-operational tests, it did teke the as-
built plant configuration and assess the effects of subsequent modifications
0n these test results. (Credit was taken for any testing performed as a result
of these modifications, for regularly performed surveillance instructions, and
for other program outputs.

The staff cetermined that individua) component or subsystem level testing,
though not completely equivalent to a fully integrated system test, is equiva-
lent to testing required at other licensed facilities, following initial pre-
operational testing, where major modifications have not alerted plant configu=
ration anc system response requirements. Moreover, the pe'formance of larger
tests for systems where major modifications could have potentially altered
system performance provides assurance that some tests equivalent to pre-
operationa’ tests have been or are scheduled to be conducted. Therefore, the
staff has determined this approach to be acceptable.

The staff identified major functions that are omittec from the program, includ-
ing plant natural circulation and core performance tests. TVA's justification
for omitting these functions from the RTP is based on the following:

(1) Natural circulation tests conducted for Unit 1 at Sequoyah continue to be
applicable to Unit 2.

Plant configuration has not been altered to affect the heat sink relation-
ship to the heat source and core geometry has not been charged.

Tube plugging for the steam generators has been maintained within allowable
margins and no modifications have been made to the reactor coolant flow
path since the issuance of the operating license.

(2) Core performance analyses for each reload have been reviewed and approved

by the staff and no modifications have been made to the core geometry
since the operating license was issued.
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results in the highest probability for core meltdown. The staff has determined
that

e The FARs are thorough in scope and contain adequate documentation for
addressing component or subsystem level functiona) testing. They include
all related tests performed on a component or subsystem leve! during
pri-operational tests, surveillance inspections, etc. and include the
effects of other program outputs on system functipns.

TARs were assembled for tests completed after the inception of the RTP,
including regularly performed surveillance inspection.

TARs were assembled for tests completed after the inception of the RTP,
including regularly performed surveillance inspection.

Punch 1ist items were closed, in rost instances, soon after the TARs were
approved and remaining punch list items will be closed before restart.

The RTP relies principally on pre-operational tests conducted during
initial plant licensing for ensuring functional integrity.

4.9.3 Conclusion

Qr the basis of its review of the RTP, the staff concludes that cont inued
implementation of the program, as presently constructed, will ensure the func-
tional integrity of safety systems at Sequoyah Unit 2.

4 10 Training

4.10.1 Introduction

Because of the programmatic concerns arising from licensed operator requalifi-
cation deficiencies identified at Browns Ferry and deficiencies identified in
operator and shift technica) advisor (STA) knowle=ze of the safety parameter
gisplay system (SPDS), the staff determined that the Sequoyah training program
would have to be reviewed jor adequacy prior to startup.

Seclion 11.2.3 of the SNPP documents TVA's review and evaluation of training
and staffing. In addition to review of this information, the staff conducted
an inspection at the Sequoyan site and at the TVA Power Operations Training
Center (POTC) the week of February 17, 1986. The results of this inspection
are documented in NRC Inspection Report 50-327/328 86~17. The areas inspected
are all INPQ accredited and included licensed operator and ron-licensed
operator training and licensed operator requalification training.

Operator requalification examinations were administered by the NRC to licensed
holders at TVA December 15 through 18, 1986. Additional inspections of the

requalification program were conducted December 14 through 18, 1987 (Inspection
Report 50-327/328 87-75).

4.10.2 Evaluation

The overal)) pass rate of 74 percent for the past 3 years at Sequoyah was cause
for staff concern. Contributing causes appeared to be the short length (12
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weeks) of the licensee's training course and a shortage of instructors to
support the training.

In the SNPP, the licensee committed to increase the reactor operator certi-
fication program to 16 weeks. In addition, the licensee has developed observa-
tion training qualification cards for reactor operator (RO) and senior reactor
operater (SRO) candidates to establish specific study and job assignments dur-
ing their 13-week observation training phase, to help accomplish the goals of
this phase of training. The staff concludes that these measures will enhance
the training program and address the concerns previously raised.

The requalification period for licensed operators was 4 weeks, and the staff
considered this period brief considering the amount of material to be covered.
This conclusion was supported by discussions with the operations and training
staff,

The requa’ification examination administered in December 1986 found the
Sequoyah program to be marginal. Three of four reactor operators and one of
eight senior reactor operators failed the written examirations, al) passed
the simulator examination. The reactor operators who failed have received
acgitional training, were re-examined (successfully) and have returned to
licensed duty. The weaknesses identified during the NRC requalification
examinations were addressed in the requalification training program.

In the SNPP, TVA committed to increase the requalification period to 6 weeks.
In 1987, the licensee implementec a six-shift rotation to provide one week in
& for training, as discussed in Inspection Report 50-327/328 87-37.

Concerns alsc were raised concerning the amount of requalification training for
non=licensed operators. In the SNPP, TVA noted that training for assistant
un‘t operators was increased from 1 week to 2 weeks in 1986 and wil) be 6 weeks
in 1987 ang thereafter. The staff finds this commitment acceptable.

In Section I1.2.3.6 of the SNPP, TVA gescribes the training that will be given
to project managers. The dutirs of the project managers involve ensuring that
proper planning and controls are in place for projects requiring the approva)
of the Manager of Nuclear Power. Training of the project managers is intended
to provide them with the understanding needed to function quickly and effec-
tively. Also, the program will help to develop the skills necessary to achieve
proper planning and control over the projects.

The staff has reviewed the information provided in the SNPP and has determined
that tne training program for project managers is acceptable to permit restart
of the Sequoyah facility. However, the staff will continue toc monitor this
program to ensure proper implementation.

As described in the SNPP  a training program for new techiical staff has been
developed. The training consist of 4 weeks that are devoted to plant reference
material and procedures along with the appropriate codes and regulations. This
training fs in adaition to the INPO-accredited Engineers and Managers Certifi-
cation Training Program.
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The staff has reviewed the information provided in the SNPP and has performed
several physical security inspections as part of its evaluation of the improve-
ments to the Sequoyah plant security. Based on the results of its evaluation,
the staff concludes that the action taken by TVA to improve security addresses
the staff's concerns. In addition, the staff finds that with the implementa-
tion of these actions, TVA will have an acceptable security program for restart
of either Sequoyah unit.

4.12 Emergency Preparedness

4.12.1 Introduction

SNPP Appendix 2, Section &, Revision 1, documents TVA's actions taken in the
Sequoyah emergency preparedness (EP) program to resolve problems identified in
NRC SALP evaluations. The corporate Emergency Preparedness Branch has been
reorganized and additional staff identified to provide additional resources in
the areas of emergency planning and procedures, state and local government
interfaces, development and conduct of exercises and drills, and onsite and
offsite facilities. Additional staff has been identified at the sites for
program implementation.

Problem areas which have peen addressed by TVA include (1) inadequate coordina-
tion between the Central Emergency Control Center (CECC) and the Radiologica)
Dose Assessment (RDA) staff, (2) inaudible inplant alarms, and (3) vaguely
written implementing instructions for protective action recommendations. Im-
provements have been made in emergency organization, emergency facilities and
equipment, emergency classification system, accident assessment, training and
drills, and procedures to enhance the licensee's emergency capabilities.

4.12.2 Evaluation

Improvements to TVA's Radiological Emergency Plan (REP) have been made in the
areas addressed below.

TVA has changed the emergency organization 5o that the RDA staff operates as

an integral function of the CECC. This change involved the consolidation of
the RDA staff from Muscle Shoals, Alabama, to the CECC offices in Chattanooga,
Tennessee. The effectiveness of this change was demonstrated by the successful
performance of the CECC staff during the Sequoyah emergency preparedness
exercise November 19, 1986.

Another organizational change included providing engineering support from the
onsite Division of Nuclear Engineering (DNE) as well as ONE engineers located
in Knoxville, Tennessee, to the onsite Technical Support Center (TSC) by onsite
ONE staff. This support was previously provided indirectly to the site through
the CECC or by DNE staff in Knoxville.

TVA has completed installation of sirens and strobe lights in accordance with
approved engineering change notices issued to meet the requirements of

IE Bulletin 79-18, Audibility of Alarms in High-noise Areas. Tests to verify
the system's effectiveness with the added sirens and strobe lights will be
completed after restart of both units, when the equipment operating noise
le:els are norma).
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‘generic" REP for the Office of Nuclear Power has been developed and is cur-
rently under internal TVA review. This “generic' REP would consolidate the
indivigualesite REPs into a single ONP Emergency Plan with site-specific
appendices.

The NRC irspection of the exercise cunducted on August 6, 1987 (Inspection
Report $0-327/328 87-49), igentifiea no violations or deviations. An addi-
tional inspection of the REM was conducted in September 1987 (Inspection Report
50-327/328 87-58).

4.12.3 Conclusion

On the basis of its review, the staff finds that, with proper implementation,
past EP problem areas should be satisfactorily resolved.

4 13 Radiological Controls

In Section 11.1.2.3 of the SNPP, TVA discusses its improvements to the radin-
logical controls (RC) organization. These include the following:

v A site Radiolugical Assessor position has been established on the Site
Director's scaff to provide programmatic overview of the Sequoyah RC
program,

. The Superintendint of Site RC now reports directly to the Plant Manager,

. The contamination area contro) program has been implemented.

" A new decontamination facility has been placed in operation.

©  An inventery and centralized storage area has heen designated for radiation
shielging materials.

. The Health Physics Supervisor participates in maintenance planning.
» A training position has been established in support of RC.

’ Agditicnal staff positions on site have been established for professional
health physicists.

The staff concludes that these measures wil) strengthen the RC program at
Sequoyah. Several inspections have been conducted of the Sequoyah radiation
protection program, as discussed in Inspection Reports 50-327/328 86-54,
87-03, and 87-56. The staff concluces that the actions taken by the licensee,
including correction of previous weaknesses in it. program for maintaining
exposures as-low-as-reasorably-achievable (ALARA), are sufficient %o support
plant restart.
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Subcategory and category reports will address the resolution of employee con-
cerns for the other TVA nuclear plants. TVA will not submit any element report
for the mamagement anc personnel and industrial safety categories because TVA
has concluded these do not contain safety-related concerns. The staff has con-
cluded that employee concerns in these two categories have been adequately
addressed as ¢iscussed in letters to TVA (December 14, 1987(c), and August 24,
1987, respectively). Concerns in the ninth Category, relating to intimidation,
harassment, wrongdoing, or misconduct, will be investigated and the results
reported separately by the TVA Office of Genera) Counsel or the TVA Inspector
General. The staff's review of TVA's handling of these concerns is discussed
in an October 8, 1987 letter to TVA.

On the basis of its review of the TVA employee concerns program, the NRC staff
concluded in Volume 1 of NUREG-1232 that TVA now has a policy that promotes
Quality anc safety and TVA has taken steps to ensure that this policy is under-
stood by TVA employees and that the policy is strictly enforced. The actions
taken by TVA to improve employee confidence define an acceptable program for
cealing with employee concerns. In combination with the other improvements in
the nuclear program that TVA is implementing, these steps should improve the
confidence of employees in TVA's management. The staff considers effective
implementation of the new employee concerns program necessary if TVA is to sig-
nificantly change its prior performance record.

The staff will continue to monitor program implementation and the effectiveness
of actions taken to deter intimidation ang harassment. The NRC staff wi)l re-
guire TVA before Sequoyah restart, to demonstrate that the employee concerns
program s working, that an environment of intimidation and harassment does not
exist, and employees are not prevented from expressing safety-related concerns.
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*==, May 29, 1986, 8. Youngblood letter to S. White (TVA) regarding deviation
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===, December 14, 1987(a), letter from G. Zech to S. A. White (TVA), Subject:
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