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Docket Nos. 50-327/328 x !I!EISTRIBUTXON

Docket FiTe JDonohew

NRC PR 0GC

Local PDR JRutberg

SEbneter FMiraglia
Mr, S. A, White JAxelrad CJordan
Manager of Nuclear Power SRichardson JPartlow
Tennessee Valley Authority GZech ACRS (10)
6N 38A Lookout Place BOLiaw Projects Rdg
1101 Market Street ¥Barr SQN Rdg
Chattanooga, Tennessee 37402-2801 TRotella CJamerson

Dear Mr, White:

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

By letters dated January 21 and February 17, 198€, the Nuclear Requlatory
Commission (NRC) forwarded its preliminary safety evaluation and a first
revfs?d version of this evaluation regarding TVA's Seauovah huclear Performance
Plan (SNPF;,

The enclosure to this letter forwards & second revised version of this
evaluation which corrects some editorial errors and adds new or modified
sections concerning: (1) Design Control, (2) Civil and Electrical Calculations,
(3) Appendix F, (4? Environmental Qualification, (5), Piece Part Qualification,
ard (6) Moderate Energy Line Breaks, Of the program elements in the SNPP, all
restart items are complete. However, the staff has not yet completed
documentation of its review of electrical and civil calculations and additional
material will be included in the final issue of this evaluation as a NUREG
Report,

As previously noted, the staff plans to issue this evaluation, in final form,

as nUREG-1232, Volume 2, Part 1, with the evaluations of employee concern
element reports as Part 2,

Sincerely,

Qriginat-Sigred by —

Stewart D, Ebneter, Director
Office of Special Projects

Enclosure:
As stated

cc w/enclosure:
See rext paqe

*SEE PREVIOUS CONCURRENCE A
OSP:TVAPD* OSP:TVAPD* TVAPD:AD/P* TVAPD:AD/TP* TYA:RA/DIR
CJamerson TRotella GZech BDLiaw SEichardson
03/24/88 03/24/88 03/24/88 03/24/98 § /4/88
0sSP:DD 0SP:DI1R

JAxelrad SEbneter

/ /88 / /e8




Mr. S. A, White
Tennessee Valley Authority

cc:

General Counsel

Tennessee Valley Authority
400 west Summit Hill Drive
El1l B33

Knoxville, Tennessee 37902

Mr. R, L. Gridley

Tennessee Valley Authority

5N 1578 Lookout Place

Chattanooga, Tennessee 37402-2801

Mr. H. L. Abercrombie
Tennessee valley Authority
Sequoyah Nuclear Plant

P.0. Box 2000

Soddy Daisy, Tennessee 37379

Mr. M. R, Harding

Tennessee Valley Authority
Sequoyah Nuclear Plant

P.0. Box 2000

Soddy Daisy, Tennessee 37379

Mr. D. L. Wiiliams
Tennessee valley Authority
400 West Summit Hill Urive
W10 B&S

Knoxville, Tennessee 37902

County Judge
Hamilton County Courthouse
Chattanooga, Tenressee 37402

Sequoyah Nuclear Plant

Regional Administrator, Region II
U.S. Nuclear Reyulatory Commission
101 Marietta Street, N.W.

Atlanta, Georgia 30323

Resident Inspector/Sequ-,ah NP

¢/0 U.S, Nuclear Regulatory Commission
2600 l%ou Ferry Road

Soddy Daisy, Tennessee 37379

¥r. Richard King

¢,/'o U,S. GAD

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

Tennessee Department of
Public Health
ATTN: Director, Bureau of
Environmental Health Services
Cordell Hull Building
Nashville, Tennessee 37218

Mr. Michael H. Mobley, Director
Division of Radiological Health
T.E.R.R,A, Building

150 9th Avenue North

Nashville, Tennessee 37203

Dr. Henry Myers, Science Advisor
Committee on Interior

and Insular Affairs
U.S. House of Representatives
washington, L.C. 20515



UMITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINTITON, D. C. 20658

MAR 20 136

Mr, S. A, White

Manager of Nuclear rower
Tennesse: Valley Authority
N 38A Lookout Place

1101 Market Street
Chattanooca, Tennessee

Dear Mr. White:

C

SUBJECT: REVISED SAFETY EVALUATION ON THE TENNESSEE
EOUOYAH NUCLEAR PERFORMANCE PLA

By letters dated January 21 and February 17, 1988, the Nuclear Regulatory
Commission (NRC) forwarded its preliminary safety evaluation and a first
revised version of this evaluation regarding TVA's Sequovah Nuclear Performance
Plan (SNPP),
The enclosure to this letter forwards a second reviced version of this
evaluation which corrects some editorial errors and adds new or modified
sections concerning: 1) Desiagn Cantrol, (2) Civi) and Electrical Calculations,
3) Appendix R, (4) Environmental Cualification, (5), Piece Part Dualification.
and (€) Moderate Energy Line Breaks, Of the program elements in the SNPP, all
restart items are complete. However, the staff has not vet completed
documentation of its review of civil calculations., Inspections in the civil
ared were conducted during February 1988 and fina)l reports coverina the
Inspections are currently being prepared. Following issuance of these reports,

.
1 "

acditional material wi bé 1ncluded in the final issuance of this evaluation.

’
he evaluations of employee concern

As previously noted, the staff plans to fssue this evaluation, in final form.
t

3s NUREG-1232, Volume 2, Part 1, with
ement reports as Part

L

incere!

Ebneter : Director
Special Projects

Enclosure
-

At itated

cc w/enclosure:
See next page




Mr. S. A, White
Tennessee Valley Authority

¢S

General Counse’

Tennessee Yalley Authority
400 West Summi: Hill Drive
Ell B33

Knoxville, Tennessee 37902

Mr. R, L. Gridley

Tennessee Valley Autnority

5N 1578 Lookout Place

Chattanooga, Tennessee 37402-2801

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

P.0. Box 2000

Soddy Daisy, Tennessee 37379

Mr. M, R, Harding

Tennessee Valley Authority
Sequoyah Nuclear Plant

P.0. Box 2000

Soddy Daisy, Tennessee 37379

Mr. D, L. Williams
Tennessee Valley Authority
400 west Summit Mill Drive
W10 B&S

Knoxville, Tennessee 37902

County Judge
Hamilton County Courthouse
Chattanooga, Tennessee 37402

Sequoyah Nuclear Plant

Regional Administrator, Regien Il
U.S. Nuclear Regulatory Commission
10" Marfetta Street, N.W.

Atlanta, Georgia 30323

Resident Inspector/Sequoyah NP

¢/0 U,S. Nuclear Regulatory Commission
2600 lgou Ferry Road

Soddy Daisy, Tennessee 37379

Mr. Richard King

c¢/o U.S. GAQ

1111 North Shore Drive
Suite 225, Box 194
Knoxville, Tennessee 37919

Tennessee Department of
Public Health
ATTN: Director, Bureau of
Environmental Mealth Services
Cordell Hull Building
Nashville, Tennessee 37216%

Mr, Michael M., Mobley, Director
Division of Radiological Health
T.E.R.R.A, Building

150 9th Avenue North

Nashville, Tennessee 37203

Dr. Henry Myers, Science Advisor
Committee on Interior

and Insular Affairs
U.S. House of Representatives
washington, D.C. 20515



NUREG-1232
Vol, 2, Part 1

REVISED PRELIMINARY SAFETY EVALUATION REFURT
ON TENNESSEE VALLCY AUTHORITY:
SEQUOYAH NUCLEAR PERFORMANCE PLAN

PART 1. PROGRAMMATIC EVALUATION

U.S. Nuclear Megulatory Commission
Office of Special Projects

March 1688







ABSTRALT

This Safety Evaluation Report (SER) on the information submitted by the
Tennessee Valley Authority (TVA) in its Sequoyah Nuc'ear 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 identicai to those for Unit 2;
the stafr will conduct inspections of implementation for those programs. Where
the Unit 1 prooram is different, the staff evaluation will be provided 1n a
supplement to this SEK.

On the basis of its review, the staff concludes that Sequoyah-specific issues
have been resolved to the extent that would support restart of Sequoyah Unit 2.

TVA SEk vol, 2, Part ] Revised Preliminary Report
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sa

SPDS ety parameter display system

SPS safety procedures statf

SQN Sequoyah Nuclear Plant

SRO senfor reactor operator

SRP Standard Review Plan

SRSS square root of the sum of the squares
$SD self-drilling

SSE safe-shutdown earthquake

STA shift technical advisor

SWEC Stone & Webster Engineering Corporation
SYSTER system evaiuation report

TACF temporary alteration control forms

TAM thermal anchor movement

TAR test analysis report

TER technical evaluation report

TSC technical support center

78S Technical Support Section [TVA)

TVA Tennessee Yalley Autnority

UMI upper-head injection

USQD unreviewed safety question determination
USST ynit station service transformer

ut ultrasonic testing

VCPS vita)l instrumentation and control power system
Wi wedge bolt

KGDTR waste ogas decay tank rupture

1% zero period ecceleration
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l INTRODUCTION

On September 17, 1985, the Nuclear Regulator{ Conmission (NRC) Executive
Director for Operations issued a letter to the Chairman of the Board of
Uirectors of the Tennessee Valley Authority (TVA) pursuant to Title 10 of

the Code of Federa! Regulations Part 50.54(f) (10 CFR 50.54(f)). Thi: letter
requested Information on the actions TVA was taking to resolve NRC's concerns
about TVA's nuclear program. These concerns were divided into four

cetegories: (1) corporate activities, (2) the Sequoyah Nuclear Plant (SQN),
(3) the Browns Ferry Nuclear Plant and (4) the Watts Bar Nuclear Plant,

TVA's Corporate Nuclear Performance Plan (CNPP), which was prepared in
response to the NRC letter, was originally submitted to the NRC on

November 1, 1985, The revised plan was submitted on March 10, 1986,
subsequent revisions were submitted to the NRC on July 17, July 31 and
December 4, 1986, March 26 and December 10, 1987. The NRC staff safety
evaluation on the revised CNPP, through Revision 4, was issued as NUREG-1232,
Yolume 1, in July 1987,

In adcition to its corporate plan, TVA is preparing separate glans to address
site-specific problems at each of its nuclear plants. This NRC Safety
Evaluation Peport (SEP) cocuments the staff's review of the corrective actions
implenented 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 resoive these issues, The Sequoyah Nuclear
Performance Plan (SAPP) was submitted on November 1, 198f, Revisions 1 and 2
tc the plan were provided to the NRC by TVA on April 1 and July &, 1987,
respectively, Separate sta“f evaluations will be issued for Sequoyah Unit 1,
Browns Ferry and Watts Bar at a later date.

TVA has established functional nuclear divisions and departments at its
headquarters 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, Corrective initiatives started at the
corporate level are being implemented at Sequoyah throuch the Sequoyah Site
Director as well as through TVA cffsite organization: responsible for direct
support to Sequoyah, TVA established a Sequoyah Task Force on March 19, 198€,
to review implementation of the corrective actions appiicable to Seacuoyah, to
in‘tiate specific actions to address Sequoyah problems, to monitor and ensure
that & 1ist of al) knewn work items has been compiled, and to review the
process and identification of those items required to be completed before
restart of “equoyah Units 1 and 2, which were shut down by TVA in August 1589,
This task force examined the distribution of Sequoyah-related issues that

hac been identified by the corporate level team of industry advisors, to
confirm that the actions taken at Sequoyah suitably address the root causes
of problems, Sequoyah site-specific issues deal primarily with cperations,
maintenance, desion control, and management system implementation, The SNPP
describes the proorams and activities plarned by TVA to improve performance

in each of these areas,
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To complete 1ts assianment, the Scsuoych Task Force developed a 11st of
Sequoyah plant activities (axcept or those of a routine nature) to be
completed before 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) avdits, American Nuclear Insurers (ANI) audits,
Institute o Nuclear Power Operations (INPO) inspection reports, Sequoyah
corrective action reports (CAR) and discrepancy reports (DR), TVA Nuclear
Safety Review Staff (NSRS) and Nuclear Safety Review Board (NSRB) reports,
employee concerns, Sequovah reactor trip reports and licensee event reports
(LERs), and technical issues identifiea by TVA's Division of Nuclear
Engineering (DNE).

The task force had established criteria (Section 1V,2.0 of the SNPP) to
determine which items were required to be resolved for restait, The staff
has reviewed and accepted this criteria by letter dated June §, 1987, The
tack force reviewed the process the line organization used to identify,
evaluate, disposition, and close out items and reviewed the adequacy of
planned actions to be taken before Jequoyah Unit 2 restart, As new 1ssues
arise and work activities are developed, they are reviewed by Sequoyah
management to determine their imnortance to restart, The Site Director must
approve al) new ftems added to the restart 1ist; however, only the Manager
of the Office of Nuclear Power (ONP) can delete items that have been
designated for restart,

By letter dated March 11, 1988(a), NRC staff gave its approval for TVA to
trensfer from the restart criteria to use of the Technical Specifications

for Sequoyah Unit 2 only, A1l issues previously identified as restart 1ssues
remained restart items, New issues must be evaluated against Techrical
Specification operability requirements.

TVA described a number of special programs to ensure integrated corrective
actions dealing with problems created by deficiercies in the past conduct of
ectivities., Section [1] of the original SNPP {dentified special programs that
needed to be resolvad before restart of Sequoyeh Unit 2. These include
programs to:

. complete the documentation and resolve electrical equipment
environmental qualification questions initially rafsed at the
time Sequoyah was shut down

verify the GdOQUIC{, with regard to safe plant restart, of past
selected safety-related design modifications keeping in mind the
weaknesses in past design control programs

reexamine cable tray support analysis for weaknesses in the
analytical basis

complete system analyses where proper design documentation did
not exist in the past

verify the adequacy of piping and supports that were not
riqorousl{ analyzed and where alternate analysis methodology has
been poorly applied in the past

_—
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’ resolve any differences in the effects of increascd temperatures
dur:nq main steam line breaks encendered by revised vendor
analysis

: resolve identified areas of noncompliance with 10 CFR 50,
Appendix R, fire protection requirements

. assess the adequacy of the welding program at Sequoyah, an fssue
raised through the empioyee concern program

: examine issues with regard to instrumentation sense 1lines

Since the origina) iscuance of the SNPP, TVA has added other spezial programs
to Section 11! of the plan, These include programs to:

o determine 1f a problem exists with regard to pipe wall thinning,
s;nilar to that which led to @ pipe rupture at the Surry Nuclear
Plant

. establish a Restart Test Program

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

' assess the adequacy of cable ampacity desion calculations

’ resolve cable pulling concerns such &s sidewall pressure, bend
redius, jemming, and overpulling

. correct a misapplication of actuator fuses

’ resolve an apparent noncor formance with 10 CFR 50, Appendix A,
fnvolving conteinment penc-trations

There are other programs as we!)l to consider miscellaneous civil engineering
issues, moderate energy line break flooding, containment coatings, ECCS water
lose cutside the crane wall, platform thermal growth, and heat code
traceability, Many of these programs are applicable to Units 1 and 2
although actual implementation 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: adecuacy of design,
special programs and restart readiness.

Angther major problem area included the concerns expressed by TVA employees
regarding the quality of TVA's ruclear activities, The programs reiating to
employee concerns are briefly described in Section § of this evaluation,

The staff performed individua) safety evaluations for the resolution of
specific concerns; these will be addressed in Part 2 to this SER,

The NRC plans for handling allegations is discussed in Section 6 of this
evaluation,
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2 ADEQUACY OF DESIGN

One of the root causes of tne problems at Sequoyah was the failure to
consistently document any changes to the plant's design basis and to
maintain the plant's conliguration in accordance with that basis, TVA's
efforts to strengthen its design cortrol programs and tu assess the effects
of past weaknesses on the plant are discussed below,

In addition to TVA's efforts, the staff also conducted an integrated decign
inspection (ID1) of the Sequoyah essential raw cooling water system, The IDI
was to provide added assurence to the NRC that all major design and construc-
tion problems had bLeen identified and resclved before Sequoyah Unit Z restart,
The review focused on interfaces throughout design, engineering, construction,
and operatives. The inspection indicated the need for the licensee Lo pursue
further corrective actions, most notably in the area of civil engineering.

The ID! is further discussed in Inspection Reports ('R) 50-327, 328/87-52 (1D]
As-Built Walkdown) 87-48 and 87-74, Further information is alsc provided in
TVA letters of October 29 and December 29, 1067, and March 2, 1988,

2.1 Plant Modgificatior and Design Control

2.1.1 Introguction

In June 1985, TvA's Office of Engineering initiated a major restructurine of
its desi?n contre! program to replace a confusing arrey of redundant and
overlapp ng procedures with an Enxinaer#ng Program Uirectives Manual and a
site-specific Project Manual. TVA had an independent contractor, Gilhert/
Commonwealth (G/C) assess the adequacy of the new Sequoyah design control
proaran,

NRC concerns regarding the generic implications of the design cortrol process
were ceteiled in the 10 CFR 50.54(f) letter dated September 17, 1985, In this
letter, the NRC aiso requested that TVA provide a detailed description of the
design control survey being conducted by G/C for TVA, including & discussion
of any generic implications on plant desien, In response to thic request, TVA
submitted & report of the stétus of the design control program as Part V of
the original SNPP, In this document, TVA stated that the cesign process
conformed to then-existing guidance, stangards, and reculations,

The 6'C s.rvey was completed during October 1985 and submitted to the NRC on
June 27, 1986, The survey determined that the then-current desion control
program was adequate, with three exceptions: (1) the need for reliable
information on plant conficuration for engineering personnel, %2 the need for
increased emphasis on the documentation of desfon inputs, and (3) the
requirement for completed desfan wo-k 1o be reviewed for potential unreviewed
safety questions,

)n its review of the survey, the staff noted that the scope of the G/C review
was limited to the Sequoyah aesign control program implemented after June 198%.
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Thus, the survey did not assess the completeness of the previous design
contro) program, nor the adequacy of designs developed under that program,

The staff, therefore, asked TVA to describe more completely the basis for its
conclusion that Sequoyah design controls were adequate, TVA subseauently
sontracted G/C to review the engineering change notices (ECNs) that had been
implemented from the date of plant licensing to verify that modifications made
under the old procedures adhere to origina) design inputs and conform to
applicable codes, standards, and regulatory reauirements,

During a meeting on December 12, 1985, the staff raised concerns about the
adequacy of the controls on plant configuration wilh a "two-drawing" (as-
desigred and as-constructed) design control system. TVA committed to inftiate
a survey to assess the plant's current confiouration 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 1f they were not compieted or
analyzed before restart, Additional weaknesses found in the configuration
control program included inaccurate status of en?1noer1nq chanoe notices, poor
contro) of as-constructed drawings in the contro' room, and a large backloq of
changes that had not been implemented and changes that had been implemented but
not administratively closed out,

The staff inspected the second G/C review and the TVA survey (see IR 50-227,
328/86-27) during the final stages of these efforts. TVA sybmitted the reports
of these reviews to the NRC in a letter dated Jure 27, 1986, The imspections
confirmed the inacdequacies identified in the reviews and the TVA syrvey and
raised the following additional issues:

h In several cases, standard industry codes and practices were not
followed in the camples of original desian examined by the NRC staff
in conjunction with the review of the G/C effort,

Some disciplines ¢id not have calculations available to support the
oeriginal design basis,

Temporary alteration procedures had beer used for permanent desinn
modifications and manacement controls did not previde for engineering
review and closure,

There was not adequate design evaluation and documertation of seismic
requirements in some instances.

In five cases, design modifications violated the assumptiors or the
statemerts contained in unreviewed safety question determinations.

In addition to the above reviews and incpections, TVA's Corporate Divicion of
Nuclear Frgineerino assessed an evaluation conducted by (kPO and an internal
evaluation of Sequoyah desian control problems, TVA concluded that desion
cortrol problems did exist anc that the primary caute of these problems
related to a lack of 2 comprehensive and intearated program to control desion
configurations during plant cperations, Since licensing of Seauoyeh, TVA had
gone to an owner/operator concept where operations, rather then ¢ centralized
engineerino organization, controllec plant modificatione--including <esign
work--tn the exten! of selecting the modificetions to be implemented and the
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engineering organization to use end releasing funds for the engineering design
wWOrs,

The Sequoyah Nuclear Performarce Plan (SKPP), Part 11, Sectfon 3, addresses
problems with the control of design changes and plant modifications and
provides an action plan for improvements in the design control program.
Accordin? to TVE, the weaknesses in this area, including the failure (1) to
thoroughly document enaineering work for design changes and (2) te maintain
consistency between "as-designed" and "as-constructed” {nformation, were
attributed to the foullowing:

- organizational 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 3 drawing-byv-drawing basis

. the inability of Sequoyah personnel to follow throveh in a timely
manner with the paperwork associated with changes

a two-drawing system, where the as-constructed drawings were
maintaired at the plant and as-designed drawings ware maintained by
the Livision of Nuclear Engineering &t TVA headquarters

the failure tou maintain current detign criteria and desior basis
information

a the large scope of some modifications and the associated work plans
needed to implement the changes

To correct these weaknesses 1n the desinn control area, TVA proposed the
follewing actions:

. revise the desiqr contro) process to provide improved control of
future design changes and plant madifications

improve plant drawiras to properly reflect past changes in & legible
manner

s establisn the design baseline and verification program (DBVP' to assess
the adecquacy of past modification work and to correct deficiencies

L

review essentia) desian calculations to provide definitive cesign basis

The DBVP and calculations review proorems are disrussed in more detail in
Sections 7.2 and 2.2, respectively, The remaining aspects are discussed below,

2.1.¢ Evaluatior

TVA has acknowledged problems with control of plant cesign changes and 1s
implementing an improved design change control program at Sequoyah, Design
contro] problems idertified through employee concerns, external reviews such as
those performed by C/C and the Institute nf Nuclear Power Operations (INPO),
and NRC inspections are beiro individually addresced and corrected. TVA's
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action plan represents a sionificant enhancement to (he design control process.
Adequate contro's appear to be in place for any modifications performed during
the transition phase at discussed in 1R 50-327, 228/87-42,

TVA's improved desion change contro) program will be implemented in two phases
for current and fuvure plant modifications,

The first phase {s to be implemented before restart of SQN Unit 2 and includes
a change contro) board and a transiticnal design control s{ttel. The chan
control boerd consists of senior Sequoyah personnel who will provide sveral)
ranagement contro) during the traneition period. The board will (1) evaluate
existing and proposed medifications to minimize chenges, (?) review plant
modifications to ensure that line managers are accomplishing the changes in
accordance with adequate desion and configuration controls, (3) ensure that
necessary interface and control procedures exist to maintain desfaon integrity,
ard (4) ensure that the status of design and plant ‘mplementing documents
associated with modifications is kept current, The transitional design control
system will be bated on modified TVA desion control procedures. This process
will recquire *hat design charaes that are to be implemented be contained in
completr packages specific to the appropriate unit. Thiz wiil facilitate the
reviews required to ensure that each change has been quelity engineered, that
it can be installed ard tested, and that documentation ard safety analyses are
complete and based on actua) plamt configuration, A task engincer will
coordinate these efforts,

In SNPP Section 11,3,3,2, TVA indicates that one of the major keys in
maintaining design control is 2 single, stand-alone plant modification package.
This modification package will include a unique modification rumber, a
description of the change and the reasor for it, an unreviewed sefety question
getermination (USCD), and inctallation and testing recuirements,

™/ noted in Appendix € to the SNPP that many contiguration markings on
ss~constructed drawings in the main control rocm were ambiguous, 11legible,

and incorrect, TVA ectablished & 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 contro! prograss, However, during 1ts inspection in April 1987, the

staff identified twyu items of concern in the area of drawino control: the
adequacy of primary and critical drawing lizts and the adequacy of the temporary
chanoe process, The first item was resolved in IR 5C.227, 328/87-65; the latter
is a2 violation (B87-65-03), TVA responded to the viclation by letter dated
Februery 16, 1988, and committed to second-party verification of changes to
contrel room drawings, The staff has evaluated TVA's response and has found

it acceptable (cee IR 50327, 228/8%.19),

The second phase in the develcpment of the improved design control program will
be to establish a permanent design control sy<tem based on the nlant
rodification packnge concept, A procedure will he developed to ensure 2
comprehensive and focused evaluztion of modifications ard proper implementatior
end follow through. Erhanced “=pects of this program include the use of the
actual plant confiouration for desfon, upoated design criteria, accurate
reflection of the modification in licensing documents, and an integrated,
profect-oriented approach to handle changes to the plant, as opposed to the
fragmented work-plan approach used in the past,
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The permanent desian control system wiil provide additiona’ enhancement to the
desion control process, However, the staff recognizes that timeliness of the
implementation of the permanent dnsign change progrem is ¢f concern to plant
safety, TYA submitted additiora) infermation regarding its schedule for
implementation of the permanent design control system in letters dated
December 11, 1986, and February 27, 1987(a). !n the December 11, 1986 letter,
TVA committed to consolidation of the "as-constructed” and "as-designed"
information on DBYP primary drawings defore the end of the second refreling
outege after restart of Unit 2, The staff finds this commitment acceptable
because (1) the riret refueling is presently planned for several months after
restart and (2) in the interim, the actual configuration will be cepicted on
marked-up drawings available for engineering ard operational purposes. By
letter cated December 15, 1987, TVA stated that Division of Nuclear Engineering
procedures, which were needed to establish the process for preparing Sequoyah
1mp1onont1n? procedures, have been implemented, Site level procedures and
training will be completed by March 31, 1988, The staff finds this schedule
for <ransitior acceptable,

TVA has not committec to implement a single drawinj system ror drawir2s other
than UBVP drawings which ere used by operations to operate the plant lprimary
drawings such as P&l10s), Other drewings will apparently be produced cnly as
needed to support modificetions, The staff believes that a more comprehensive
approach, which includes scheduling details and identification of all other
drcwin?s to be mairtained as configured, i¢ reeded. In & letter dated

AprdY 1, 1087(a), TVA stated that the details regarding comprehensive scheduling
of drawinags to be raintained as-configured is stil] being developed, The staff
considers thic ftem to be a post-restart issue,

2.1.3 Conclusions

On the basis of the findings as documented in IR £0.327, 328/£7.24, B7-65, and
£F-19, the sta®f concludes that TVA has taken the appropriate steps to correct
desian c=ntrol problems at Sequoyah for restart,

2.0 Design Baseline and Verification Program
2.2.1 Introduction

TVA's specia) design baseline and verification program (DBVF) %o assess the
effect of past weaknesses in desior and configuration cortrol and to identify
gny corrective actions that may be recuired is sodressed in SNPP Section 111,2,

TVA forwarded the original documentation for thie program as an enclosure to 2
June 77, 1986 letter to the NRC, In addition to this submittal, TVA presented
an overview of the DBYP to the staff at a public meeting in Bethesda, Marylard
on July 17, 198€, The description of the program was -ubsecuently revised and
supplemented by & TVA letter dated December 31, 198€(a),

The intent of this program is to provide additional confidence that the plant
meets 1ts orfeinal licersing bases. The program includes (1) verifying and
estebliching plant configuration; (2) reconstructine the desion basis;

[2) reviewing and evaluating, against the desfor hasis, those modifications
made since the operatine license was issued; and (4) performing required tests
or modifications developed from this review,
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This program has four major areas:

®  The development (or updating) of design criteria for both systems and
qeneric plant design required for the pre-restert phase. This will in-
clude an evaluation of the inclusion of lTicensine commitments in design-
basis documents,

. System walkdowns and/or test reviews, within the program boundaries, to
verify the configuration and propsr functional arrangements as depicted on
primary contro) room drawings are corrvest.

. The evaluaticn of facility modificatiois that have bee implemented or
proposed since the operating license was fssued to determine the tectntcal
adequacy of the modifications against the (updated) design-basis
documents., Adcditionally, the status of emaine~ring change notices [ECNs)
were ascessed to ensure that those notices '°  have been partialiy
implemented, or not implemented at all, do r = reduce the system's ability
to perform its designated safety-related function or violate o licensing
commitment,

. System evaluations, on the basis of results produced from the modification
evaluation and walkdowns, to determine whether the systems, as modified,
fu1f111 thei» functiona)l desigr requirements (relative to FSAR Chapter 15
accidents and safe shutdown) and licensing commitments,

TVA also plans to extend 1ts assessment of FCNs outside the scope of the
program to verify that an unreviewed safety cuestion has not resulted from
a failure to inplement or complete such changes,

2.2.7 Evalyation

The DBVP is being implemented ir two phases. The pre-restart phase it limited
to those systems, or portions of systems, required to mitinate accidents
acdressed ir Chapter 15 of the Fina) Safety Aralysis Report (FSAR) or to
provide for safe shutdown, (This defined scope does not include all
sefety-related components and systems,) The post-restart phase continues
engineering activities within the pre-restirt phase that TVA considered not
estentia) to safe restart but are necessary to correct identified design
control problems, This phase will also extend portions of the progra: to
other safety-related syvstems,

Scope of Pre-restart Phase

The staff evaluated the adecuacy of the scope of the pre-restart phase of this
proarar as presented in the Jure 27, 1986 submittal, Phase | apnlies to Unit 2
and common portions of the required systems,

During this inftia) review, it was not clear to the staff as to why:

(1) TVA chose to include only that portion of the ‘ce condenser required
for containment isolaticn

(2) the hgnrogan ana'yzer and the permanent hydrogen mitigation system
(PHMS) were not included as part of the hydrooen mitigation system
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(3) ¢he auxiliary feedwater suction and recirculation piping from the
condensate storage tank were not included

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

In its response dated December .1, 1966, TVA adequately clarified the staff's
concers, relating to the auxiliary feedwater system in that the essential raw
conling water provides ¢ safety-grade supply of witer to the system and min{mum
flow requirements are provided hrough a branch lire ccntaining @ flow
rostricting orifice, These "eatures were examined under the DEVP, In
addition, TVA confirmed that the main steam system from the steam generators
through the MSIVs and the main steam check valves were included in the DBVP,

While TVA identified the ice condenser as a system to be addressed in Phase |
of the DBVP, only that portior required for centainment isolation was included,
Tt was the staff's position that t'~ vortion of the fce condenser system in the
DEVP Phase | should include all 7lements and components of the ice condenser
that, in concert, erable the sysitem to perform its safety function (e.g.,
doors, drains, seals, baskets, structura, merbers, isolation barriers). ¥With
recard to the hydrogen analyiers and the PHMS, TVA had excluded those items
from the pre-restart portion (Phase 1) of the DBVYP on the grounds that they

are not needed *o mitigate FSAR Chapter 15 design-basis accidents, which wes
the zelectior .« erion developed by TVA, Although the <taff concurred with
the TVA conc)l.: n that the hydrogen anglyzer: and the PHMS are not needed tc
mitioate FSAR /.., .er 15 desiza-basis accidents, 1t was the staff's pesition
that, ir view of the ice condenser containment desion vulnerability to
hydrogen, desion features related to hydrogen are sufficiently important to
warrant review as part of the DEVP Phase !, Furthermore, since various
independent reviews of TVA desion programs had concluded that wesign control at
Sequovah was particularly week after the cperating license was issued, 1t is
prudent to include 1t in the pre-restart phase because the PHMS wae desianed
and inctailed after the licente was issued. In its recponse datec

Februgry 27, 19877a), TVA proposec additionai technical assessment of thes
items (the ice conderser, PHMS, and hydrogen analyzers). With the acdity f
thete items fr the restart pertion of the UBVP, the staff concluded that t
scope 0f systems being reviewed is sufficient to ensure the desigr adeques)
recuisite safery systems,

The staff had roted in fts Janyary 20, 1987 evaluation that TVA was consider
safe shutdown to be defired as hot sterndby for Sequovah, The staff considered
this inconsistent with its earlier position taken in NUREG-0C11 and its
Supplemery 1, These NP© document® discussed compliance with Branch Technical
Position (BTPY PSP 5.1 (NUREG-0800) for reaching cold shutdown ith safety
grade systems. TVA responded in a letter dated February 27, 1987(a) (ot
equoyah's RER system does not meet the recuirement for 2chieving cold shutdown
with safety-grade equipment and that this was vocegnized by the staff in
NUREG-QO11, Based on further review of NUREA-NO1L, the staff agreet with

TVA's {nterpretation that Sequovah's design basis s hot stendby., The staff,
therefore, considers that the pre-restart scope of the program is acreptable.

During ‘*« inspection, the staff idercified an open item relsting to whether
proper function o1 1,34 and instrumentatior could be verified durire
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walkdowns. In response to this concern, TVA noted that electrical and
instrumenrtation and contro! attributes were verified through various other
mcthods, ircluding; verification of terminations by a review of post
modification test plans, verified work plans, or walkdowns; reviews of cables
and junction boxes through the EQ progrem; a separate fuse verification
program, and a sampling walkdown of instrument sensing lines. These
activities satisfactorily resolve the staff's concern regarding che scope of
the electrical walkdowns.

The staff tad also identified a concern recarding the inclusion of only plant
modifications made ¢ince licensing and not extending the review to include the
orfiainal plant design. These observations were considered open issues and were
sent tc TVA for resolution in a staff letter cated September 9, 198€. In a
response dated December 11, 1986, TVA presented the basis for the DBVYP scope.
As stated by TVA, cther programs in the SNPP address specific pre-0L program
weaknesses. In addition, the NRC conducted an integrated design inspection at
Sequoyah as discussed previously. Based on these considerations the staff has
concluded that the scope and system selection for Phase 1 of the DBVP are
acceptable.

TVA defined the scope of the post-restart (Phase T1) portion of the DBVP in a
May 12, 1987 letter. The staff has not completed its review of the Phase 11
program; however, this review by the staff is not essertial to issuing an SER
that addrecces the acceptability of TVA's programs to support restart of
Sequoyah Unit 2, An evaluation of the Phase Il program will be issued by the
steff at a later date.

TVA Indepencdert Oversight Review

As an integral part of its OUBVP, TVA had the Engineering Assurance (EA) group
of the Division of Nuclear Engineering perform an independent oversight review,
This independent review effort is staffed on a full-time basis thrcuahout

Phase | and is comprised of a multidiscipline team of senior experienced
technical personnel (EA team). An in-deoth description of the independent
oversight review process and its results is contained in TVA Report EA-OR-001,
"Encineering Assurance Oversight Peview Report, SQN Unit 2 DBVP," which was
forwarded to the NRC by a letter dated May 15, 1987,

The objectives of this independent review are listed below.
" Confirm and validate that engineering activities are being conducted in
accordance with the cverall approved program plan, in accordance with the
approved procedures established for the DBVP, and by personnel trained for
the specific activity being confirmed/validated.

Confirm the functional and technical adequacy of the system evaluations
and the completeness/correctress of the supporting decumentation.

Verify that the corrective actions resulting from the TVA evaluations
have been implemented and documented,

Verify the adequacy and effectiveness of the transitiona) design change
control methodologies and procedures.
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A supplemental report by EA team was forwarded to the NRC by ietier dated
October 23, 1987, The team's overall conclusions are given below.

. The DBVP procedures were complete and adequate and met the objectives
of the program and the activities conducted by the PEVP were correct,
adequate, and in accordance with program procedures.

The DBVP project demonstrated the functional and technical adequacy of
modifications bv rroviding and/or identi ying supportino documentation
and justifi-z.iun to establish that modifications comply with the
re-establi hed restart design-basis requirements.

Reconciliation o€ the corrective actions and restart decisions for
punchlist items was adequate. The identified corrective action documents
provided appropriate resolutions for the punchlist item concerns; the
justifications to support post-restart decisions were adequately
documented; and the changes made to corrective actions and/or restart
oecisions that were different from what was reported in the system
evaluation reports were justified and appropriately documen.ed in the
system closeout statements.

The transitional desian change control process is being implemented in a
satisfactory manner. Organizational interfaces, responsibilities, and
review/approval authorities have been satisfactorily addressed
procedurally. Although there were occasional violations noted in the
implementation of the procedures, the results were technically acceptable
and an adeauate level of supportino documentation was made available in
the process without additional rework. Tighter project menagement
controle will be required to ensure procedure compliance. The EA *zam
will zontinue %o monitor this area as part of the DEV Phase I1 oversight
activities.

The team concluded that there are no appa:ent programmatic weaknesses remaining
to be recolved with the program ac a result of their findings and project
action to address these findings. The team verified that actions had taken
place to correct its findings; team concluded that the pre-restart phase of the
DBVP has been fully and effectively implemented.

NRC review and inspection of the EA oversight has revealed an effeclive and
thorough effort. The EA oversiaht resulted ir both programmatic impreovements
and identification of technical shortcoemings in various aspects of the DBVP
implementation. TVA has taken action to correct these issues, and the EA team
adequately monitored the corrective actions and enhancements. The staff
considers that the EA oversight has provided siagnificant additional assurance
regarding the overall adequacy of the DBVP,

NRC Inspection Findinas

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

NRC IR 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,
TVA's preparation of system walkdown packages within the DBVP scape, and the
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NRC's preliminary review of TVA's design criteria for FSAR Chapter 15
safety-related systems within the scope of the DYP,

NRC IR 50-327, 328/86-45 summarizes the NR('s review of TVA's compilation and
implementation of the commitment/recuirement date base, the design criteria
which TVA prepared to support SON restart, and the adecuacy of EA's
independent oversight review of conmitments/requirements and desior criteria.

NRC IR 50-327, 328/86-55 summarizes the NRC's review of the DBVP's ECN review,
the adequacy of the associated EA oversight, and the adequacy of TYA's actions
regarding findings identified curing previous inspections of the DBVP and
during inspection of the G/C and TVA "3-system" design control reviews

(see iR 50-327, 328/86-27).

NRC IR 50-327, 328/87-14 summarizes the staff evaluation of the System
Eveluation Reports (SYSTERs) reflecting the DBVP's intecrated assessment of the
individual systems within the scope of the program.

Additional inspections (IR 50-327, 328/87-31) of the DBVP also were conducted
to assess the adequacy of the corrective phase of the DBVP and corrective
actions for related design control inspection findings.

Related MRC inspections (IRs 50-227, 328/87-06 and 50-327, 328/87-27) were
conducted to evaluate TVA's assessment nf the technical adequacy of
calculations, sinrce this aspect was not evaluated by the DBVP. The calculation
review progran is further ciscussed in Section 2.2 of this evaluation.

Throuch these inspections, the NRC has had direct and continual involvement in
the monitorina and overview of TVA's design control proarams, including the
UBVP, NRC inspections have been performed at the corporate engineering
offices, contract engineering offices, site engineering offices, and the plant
site, A1)l phases of the DBVP program have been monitored through a sampling
inspection program including preparation and implementation o reviews,
resolutior of DBVP and EA findings, implementation of corrective and
preventive actions, and verification of corrective and preventive actions.

NRC observations and conclusions from these inspections as well as the staff's
review of TVA's corrective actions for previous inspection findings have been
published in the NRC inspection reports.

2.2.3 Conclusions

TVA initiated the DBVP and EA independent overcight review as part of its
effort to correct past desiaon control deficiencies icentified by employee
concerns and desion control reviews, including those identified by

G/C, TVA, and NRC, These proarams provided substantial additional information
that has allowed the staff to conclude that design control problems at
Sequoyah are beino corrected and that once the definea corrective actions are
completed, the plant will conform to its licensing basis., Moreover, the staff
aarees with the EA team in that the pre-restart phase of the DBVF has been
fully and effectively implemerted. However, the staff will review the
transitional desian control syetem during its review of the Phase I portion
of the DBVP,
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2.3 Design Calculations Program

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

Essential calculations are those which address existing plant systems or
features whose failure could (1) result in a loss of integrity of the reactor
coolant system, (2) result in the loss of ability to place the plant in 2 cafe
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
disciplines. The NRC has conducted inspections in this area in coordination
with the review of the DEVP. These irspection activities are discussed ir
IRs 50-327, 278/87-06, 87-27, and 87-64,

2.3.1 Nuclear and Mechanical Calculations

TVA's Nuclear Engincering Branch (NEB) and the Mechanical Engineering Branch
(MEB, reviews implermented each of the objectives of the DNE calculation review
effort,

To establish the list of essentiel calculations, NEB developed a list of
caleulations necessary to support the nuclear design and compared this l1ist to
the files of existing Sequoyah calculations. The existino calculations were
identified as ecsential, desirable, file only, or superseded, Al)
classification information was captured and verified irn the calculation
cross-refererce information system (CCRIS) computer data base.

As a result of this effort, NER identified &2 total of 395 essential
calculations, Of these, four were identified as missing. Two of the missing
calculations were required for plant restart and were reqenerated,

To assess technical adequacy of the essential calculations, NEB 1. "41lly took
a campling approach except for the calculations performed by the Safety
Systems Section, which are primarily calculations used to support FSAR

Chapter 15 accident analyses. The critical safety evaluations performed by
Safety Systems Section received a 100-percent review., As a result of & 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 samples were taken in this area as a result. The scope of the
review program alsc was expanded when it was found that the initial sample
selecticn did not address calculations supporting modifications reviewed by
the DBVP nor those calculations performed by the NEB located at the site., As
a result of deficiencies identified during these reviews, NEB decided to
perform a technical adeocuacy review of the remaining essential 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 2.1 were essential). These have been
corrected with no effect an hardware. The staff considers that there is a high
confidence that essential nuclear calculations needed to support the Sequoyah
design are in place.

To establish the 1ist of MER essential calculations, a general list of
calculatirns necessary to support the mechanical design of a nuciear power

plant wzs cdeveloped, MER determined that 111 calculations were "missing" from
the total cet of 597 calculations determined as essential to the Sequoyah

design. The staff noted that several celculations listed in the calculation

Tog were obsolete or superseded. Therefore, MEE had to regererate the missing
calculations and identify the controlling calculations. The missing calculations
were ¢1]1 reqenerzted. No equipment or hardware changes ‘vere required as 2

result of regenerating these calculations.

MER initially sampled 55 previously existina essential calculations to assess
their technical adequacy. Six of these were determined to be unacceptable:
three in the heating, ventilatina, and air conditioning area irvolving improper
heat locad input and three in the area of heat exchanger aralysis invclving
iradequate use of vendor data for calculations irvolving "off-design" condi-
tions. These calculations were identified as common-cause deficiencies and the
subject calculations were revised. As a result of the number of unacceptable
calculations and a lack of examination of calculations associated with the
DBVP, an additional set of 22 calculations was reviewed for technical adequacy.
Seven additioral calculations were identified as unacceptahle (these
calculations were then revised). TVA then decided to perform a technical
adequacy review of the remaining essential calculations.

TVA contracted with Stone & Webster Engineering Corporation (SWEC) to perform
this additional review. Pesults of this review were provided in TVA's Task
Completion Report SOTCR 008-1, Revision 0, "MER Calculation Technical Adequacy
RPeview." This report was reviewed by the staff in IR 50-327, 328/87-64., Of
the 338 calculations reviewed, 211 but five were considered acceptable, The
five remaining calculations were ir the process of being corrected pursuant to
TVA's condition adverse to quality process, with no anticipated impact on
Sequeyah restart. SWEC coicluded that the MEB calculations that were reviewed
were cenerally of high ocuality and supported the Seauoyah design basis.

The essential mechanical calculations have been entered into the CCRIS to data
base to establich a consolidated calculation and cross-reference log,

NR(, inspections monitored the implementation of the mechanical calculation
review effort. Although one acdditional calculation regarding KVAC adequacy
durirg a loss of all ac power was considered missing, the staff considers that
there is a high cenfidence that calculations needed to support the Sequoyah
design are in place,

TVA's enginreering assurance organization conducted in-process technical reviews
of the calculation reviews, NPC inspections observed this oversight and
considered it to be effective in monitorinc and controlling the calculation
review,
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Deficiencies, which were identifiec during the calculation review efforts, are
being tracked for resclution by TVA's condition adverse to quality (CAQ)
process. The stz€f determined that TVA was approprictely applying the
documented restart criteria for scheduling necessar) corrective actions.

The staff concluded that the nuclear and mechanical engineering calculatien
review effort has been adequately defined and implemented to identify the
necessary essential calculations for the operation of Sequoyah; that the
technical adequacy of the calculations has been adequately demonstrated; and
that recessary corrcctive actions are being scheduled in accordance with the
documented restart criteria. Therefore, the staff finds the TVA ections for
resclution of NEB and MEB concerns acceptable.

2.3.2 Ciyi) Calculations

During its review of civil engineering calculations, TVA cetermined that a
large number of rigorously analyzed pipe support calculations were not
retrievable. Accordingly, TVA initiated a program to regenerate these
calculations. In support of this program, TVA developed a criteria document,
SON-DC-V-24,2. to define in detail the FSAR reauirements to which all
safety-related pipe suppoerts will eventually be upgraded. The staff has
evaluated these criteria and determined that they are acceptable for restart
(February 23, 1988 letter). The staff will be performing additional
evaluations of standard component supports as a post restart item,

Additional criteria were developed teo establish priorities for implementation
of pipe cupport modifications identified by this review program. These restart
criteria a2re presented in criteria document CEP-CI-21.£% (see TVA letters of
August 31 and November 17, 1987(a)). The staff approved the criteria with
certain restrictions in a letter to TVA dated February 23, 1988, A11 supports
must satisfy the restart criteria before restart of Seouoyah; the present
schedule for compliarce to the long-term criteria is the end of cycle 4 for
Unit 2 (see October 6, 1987 submittal).

Some problems were found in other civil engineering arcas as well, These are
noted in the inspection reports on the calculation program and will be
addressed by the staff as post-restart items. In addition, the KRC staff's
IDI identified a rumber of iss.oc with TVA's civil calculations. These issues
have been resolved by the staff for Seauoyah restart, The details ¢f the
resolution of remaining items in the civi] calculation area are discussed in
IRs 50-327, 228/88-12 and 88-13. The stat® will provide an additional
detailed evaluation of the civil engirecrina calculetion procram in & staff
post-restart inspection report. A1l pre-restart items in the civil calculation
area have been resolved,

2.3,2 Electrical Calculations

2.3.3,1 Introduction

As a result of deficiencies first icentified to TVA by INPO after its audit on
the Bellefonte and Watts Bar nuclear plants, and later confirmed by TVA during
the Bellefonte electrical evaluation and quality assurance audit, end as a

result of a2 number of employee allegations, the staff was concerned about the
adequacy of the electricel system desiagn at Sequoyah. Because of this
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concern, TVA reviewed the desigr calculations at Sequoyah and found the
deficiencies listed below:

(1) the minimum set of electrical calculations required to support the
Sequoyah plant design was not available;

(2) procedures controlling desian changes were not fully adhered to;

(3) existina calculations were not considered when design changes were
made; and,

(4) existing calculations that did not require change were not formally
documented.

TVA believes that the majority of calculations required for the design were
srepared informally durino the design period. As a result, calculations were
not officially documented or controlled, and those thet were documented were
not kept up to date.

Pecause of these deficiencies, TVA reviewed all the existing electrical
calculations. TVA then established an electrical calculations program to
ensure that the Sequcyah electrical system design meets all requirements for
safe startup and oneration and to document the adequacy of that design. This
program requires necessary electrical calculations to be performed and design
control procedures and a design chance review program to be established.
Moreove», TVA contracted with the Sargent & Lundy Compary (S&L) to perform an
indepercent assessment of its electrical calculations program. This assessment
was to provide additional assurance that all the electri al calculations
necessary to support plant restart have been identified ard are exicting,
current, retrievable, and technically correct, S&L would also identify any
additiona) electrical calculations necessary to fully document the design basis
of the plant.

In late 1985, TVA identified a2 minimum set of electrical calculations that need
to be in place and up to date to support Sequoyah restart. ODuring

January 14-16, 1986, the staff visited the Secuoyah si*. to review a draft
scope of the minimum set of electrical system calculat ons and evaluate whether
the scope included all pertinent onsite power system calculations necessary to
cupport restart. The steff also assessed the adequacy of calculations with
regard to approach, level of detail, and documentation. Each TVA system
reviewer responsible for a particular analysis was present during the visit to
explain the assumptions, methodoloay, and sources of data. The staff was
provided with samples of the calculaticns and the cocumentation so that it
could evaluate the calculations,

Subsequentiy, on February 27, 1986, TVA submitted a report entitled "Electrical
Calculations Program for Sequoyah Nuclear Plant." This report provided a brief
discuesion of the Sequoyah electrical calculations program and presented the
analyses for the systems listed above, Moreover, the report addressed the
problems TVA found with these systems, These findings are documented in a
series of significant condition reports (SCRs) that had been initiated to
complete the recuired corrective actions,
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TVA ctated that additional information would be forthcoming to discuss the
corrective actions taken for each SCR. This information was submitted on
August 1, 1986, when TVA provided its review of all the SCRs and a description
of corrective actions to be taken. An assessment by S&L of the Sequoyah
electrical calculations program also was included. On the basis of its review,
TVA acknowledged that revisions to the electrical calculations and related
formal documentation for the APS, I&CS, and raceway systems would be necessary
before restart,

Or the basis of comments mede in the SEL Report made in response to TVA's
submittal of February 27, 1986 describing its Sequovah Electrical Calculations
Program and NRC inspection findings during the DBVP inspecticn (1R 50-327,
328/86-55), the scope and detail of the minimum set calculations were markedly
increased. The scope and results of this program were described in a TVA
letter, Gridley to Youngblood dated December 29, 1986. This letter also
provided status information on disposition of discrepancies already identified
in the calculations program,

The NR( reviewed this revised program both by field inspections during
February 2-13, 1987 and by review of the proaram and of specific calculations
in Rethesda. These reviews are documented in IR 50-327, 328/87-06 dated

April &, 1987 and in a NRC letter, Youngblood to White dated February 10, 1987.
Also TVA's interral Engineering Assurance aroup produced two audit reports,

EA £6-23 and 97-0¢, Based on comments in these documents, TVA acat revised
the scope and methods of the Electrical Calculations Program. The scopr and
results c¢f this proaram were documented in a TVA letter dated June 12, 19€7
w?ich alsc provided updated status on correction of deficiencies ici "ified
already,

The NRC continued its review of the Electrical Calculations program during
field inspecticns in June and October 1987 which are cdocumented in

IR 50-327, 328/87-27 dated August 24, 1987 and IR 50-377, 328/87-064 dated
February 23, 1988, Cfertain electrical calculation areas were identified by
the NRC staff as particularly critical and were reviewed in detail by the
Reactor Operations Branch of the TVA Projects staff and its consultants, The
NRC staff's evaluation of these areas it documented in subsequent subsections
of this report and include the followiro specific arcas:

(1) Auxiliary Power System (APS)

o

load analys:i:

0

voltage calculations

o

flass 1E motor control center (MCC) control circuit and cable
length calculation

diesel generator load analysis
(2) Control Power System

°

125-volt dc vital inctrument power system voltage calculations

<

120-volt ac vital instrument power system voltage calculations
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’3) Instrumentation and Control Systems (I&CS)
. instrumentation accuracy calculations including sefsmic effects
(4) Raceway Systems

: justification for use of TVA's ampacity tables and justification
£5r TWA's ampacity tables as specifically applied to control
level cable trays, grouped conduits, conduits with more than
three cables and duct banks

As noted in its June 12, 1987 submittal, TVA was verifying previously
unverified assumptions to delete non-conservative design cable lengths, and
correct deficiencies identified by DBVP and the as-constructed drawings review.
By letter dated February 16, 196E, TVA provided a status report which noted
that corrective actions reouired for Unit 2 restart are complete.

In its February 18, 1988 letter, TVA reported that its minimum set electrical
calculations program was complete, provided updated status information cn the
correction of deficiencies identified in the calculation program and identified
additiona) calculations added to the minimum set that had been completed to
resolve open calculation issues. The letter stated that, with the exception of
the calibration of level indicators of the refueling water storage tank, which
s required for post-accident monitoring, all deficiencies. The exception is
acceptable to the staff because TVA committed to, and the staff accepted it
previously, as a post-restart item that will be completed by the Cycle-4
refueling outaage.

Based on its review of TVA's minimum set calculation program, the staff
concludes that the program has resulted in a group of electrical calculations
sufficiently complete, technically correct, current and retrievable to

to support restart of Unit 2, With the exception of those deficiencies
identifiec in the electrical calculations proygram which are not required to be
corrected unti] after Unit 2 restart, the staff concludes that the program has
accomplished its purpose. The staff notes that TVA has committed to expand and
formalize 1ts calculation control program over the long-term to cover all
calculations, not just those identified as the essential minimum set. The staff
relies on this commitment as the most effective means to assure that TVA's
electrical calculations required to assure safety are maintained in the
acceptable cordition that the present program has established, Further, this
conclusior of general adequacy of the electrical calculation program does not
extend to Unit 1 restart, This restriction arises for the following reasons:

(1) A number of calculations do not assume two unit operation and require
upgrading to support Unit 1 operation,

(2) A number of deficiencies identified as required for restart have been
completed for Unit 2 but not for Unit 1.

Lastly, there are a number of deficiencies designated to be corrected after
restart anc there are a number of long-term programs TVA has committed to under-
take after restart, These are listed in the various documents cited above.
Expeditious completion of these lona term commitments was assumed in the staff's
evaluation of the adequacy of Seauovah's electrical calculations program.
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2.3.3,2 Evaluation

Each system calculation is complex and requires in-depth knowledge of Sequoyah
system operation. Therefore, the staff reviewed the analysis of each system to
determine 1f it vas 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 adecuacy of electrical calculations and of
documentation. The staff's individual evaluations are discussed below. The
staff also audited other calculations including 1ighting systems and grounding.

2.3.3.2.1 Auxiliary Power System
(1) APS Load Analysis

Before determining the adequacy of APS voltaces through calculation, TVA
conducted an APS lozding analysis for the 6.9-kV unit boards and the 6,9-kV
and 480-volt ac Class 1E boarde to account for and to document the power
disirioution equipment loading profiles for normal operation, full-load
rejection, emergency shutdown, and cold shutdown., This load analysis is to be
maintained and updated as a /A controlled document. For each mode of
operation, TVA reviewed the latest as-built drawings and system functional
diacrams to determine the lcads on each board. The lcads were further
identified as being either off, runninc, starting, delayed starting, or delayed
tripping according to each operating mode. For the minimum load condition at
cold shutdown, an actual measurement of the load was taken 9¢ hours after 2
normal shutdown. The load analysis listed &1l the equipment, its operating
status accordinc to its operating mode, and the load represented by the
equipment. The source: of information included the single-line diagrams,
schematics, and desian drawings. The staff reviewed the APS loading analysis
and found the sources and the documentation to be complete and the analysis
format to be appropriate for use in the voltage calculations.

Therefore, the ctaff concludes that the load analysis is comprehen. ive,
sufficiently detailed, and acceptable tc be used as the hasis for board loadines
for the steady-state and transient voltage calculations., The NRC stiff notes
thet this load list was verified by walkdown in late 1986 and early .987,.
Changes identified by this effort were incorporated in the various calculations
which depend on the load analysis as input. The NRC staff reviewed tiis effort
as part of its DBVP inspection and [0I. ODeficiencies identified have been
corrected and the load analysis is acceptable,

-5

{Z) APS Voltace Calculations

TVA performed APS voltage calculations to determine and document the following:
- steady-state voltanes at 6.9-kV switchgear buses for unit startup,
full-load operation, ncrmal shutdown, and emercency shutdown with maximum
and minimum unit generator/offsite power supply voltages

transient voltage profiles et all Class 1E APS buses and safety-related

motor termirals for design-basis conditions and minimum offsite power
system voltages
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: transient and steady state voltage profiles for &1l Class 1E buses and
motors for operation on emergency diesel-generators with no offsite power
available.

optimum power transformer voltage tap settings
N adequacy of present degraded voltage relay set point selection

TVA used basic software packages that were developed in house and that are run
on personal computers to calculate the APS voltages described above. (The
validity of the compu.er software was evaluated by the staff as discussed in
Section 2.3.4 of this report and found acceptable for use in the APS voltace
calculations.) These computer packages are listed below:

. RADIAL was used to calculate transient/steady-state voltage at all
6.6-KV unit and shutdown boards interfacing with the plant from
the grid.

VOLT was used to calculate transient voltage at each 480-volt ac
CTass 1E board and to sum the 480-volt ac system board lcadings for use
in the €,9-kV system calculations,

VOLT 2 was used to calculate 48C-volt ac level steady-state voltége.
[t determined the starting and running voltage of every lcad for the
condition of minimum source voltage and maximum bus loading.

TVA developed cable and lcad data files based on the APS configuration, cable
parameters, and the loads determined by the loading analysis to perform the APS
voltage calculations, These data files were used in the computer programs
iisted above to calculate the APS voltages. The results are shown in

Tables 2.1 and 2.2.

TVA performed the load analysis to ensure that the voltages on the 6,9-kV
shutdown boards (Class 1E) would remain within the degraded voltaqe set points
(6560 volt to 7260 volt) and 211 6,9-kY Class 1E motors would have adequate
starting and runnino voltage. The results of the analysis indicated that

during operation of either or both units (1) the acceptable range for the 161-kV
arid voltage would need to be from a minimum of 159 kV to a maximum of 166 kV
for each common station service transformer (CSST) with taps <et at 0,975

(2.5 percent) and (2) the main aenerator voltage should be limited to 24.8 kV
to 1init the 6,9-kV shutdown board voltage to 7260 volts during normal operation,
This, in turn, sets the unit station service transformer (USST? tap at 1,025
(+2.5 percent). The results of the analysis also showed that the worst-case
scenario of maximum load would result from a full iocad rejection (FLR) for

Unit 1 with a safety injection actuation signal (SIAS) ard a Phase B containment
isolatien for Unit 2 because the containment spray pumps (700 horsepower) would
start.

TVA stated that the results of the 6,9-kV plant/grid interface voltage
calculations showed that there was no need to change the degraded voltage set
point for 6.9-kV Class 1E shutcown boards and that all 6,9-kV Class lE motors
will have adequate starting ard running voltages.
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Table 2.1 Zalculation Results for the $.9-kV Class 1E

Shutdowin Boards

Range of Shutdown Board*

Grid
Case Tap (%) Voltage Time Voltage
Maximum Load - CSST** at 159 kY, min,
Unit 1 - «2.5 T=0 sec 6118 to 6574
full load rejectiocn, T=10 sec 6631 to 6692
Unit 2 - T=2 min 6718 to 6915
safety injection with
Prase B isolation
Minimum Load - CSST at 166 kV, max, 7245 to 7262
cold shiutdown 2.8
During normal USSThwe Main generator 7212 to 7245
operation at +2.5 at 2.48 kV

* Time delay trip set point for degraded grid voitage for the 6.9-kV
shutdown boards is set at 10 seconds at 6560 volts.

** (SST - common station service transformer.
=%+ |SST - unit station service transformer.

Table 2.2 Calcuiation Results for 6.9-kV Class 1E

Motors for Maximum Load Case

Startin Required Steady-state
termina starting running
voltage voltage voltage
Motor per unit per unit* per unit
Auxiliary Feedwater Pump 1A €.951 0.765 0.969
Essential Raw Cooling Water 0.858 0.765 0.954
Pump K-A
Auxiliary Feedwater Pump 2A 0.884 0.765 0.960
Containment Spray 2A 0.883 0.765 0.9€60
Residual Kead Removal Fump 2A 0.884 0.765 0.961
Safety Injection Pump 2A 0.884 0.765 0.961
Centrifugal Charging Pump 2A 0.883 0.765 0.960
Essential Raw Cooling Water 0.857 0.765 0.963
Pump QQ-A
Centrifugal Charging Pump 1A - 0.765 0.969
Press HTR Group 1D - 0.765 0.970
Essential Raw Cooling Water 0.857 0.76% -
Pump R-A
* Rated at 80 percent,
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TVA further acknowledged that the deficiencies (SCR SQNEEB 8607) found with
regard to individual component voltages in the Class 1E 480-volt ac boards
would occur during a degradec¢ voltage condition. TVA presented the following
corrective actions to resolve this problem: (1) delay two component cooling
system pumps for a period of 20 seconds after receipt of an SIAS and (2) modify
the 480-volt ac supply to the main feedwater isolation valves so that the
electrically operated brakes are wired independently. TVA stated that tne

time delay was analyzed and found consistent with the plant design basis and
that the necessary modification (ECN L6648) has been authorized. The resolution
for the main feedwater isolation valves involves the installation of eight new
cables and eight new solenoid valves that will operate at 80 percent of
voltage. TVA has stated that these corrective actions have been completed for
Unit 2 and have been scheduled as a post-Unit 2 restert item for Unit 1.

The staff has reviewed the corrective actions proposed by TVA and agrees that
the deficiercies are resolved with these system changes made, Where TVA has
included specific time delay devices to ensure adequate vcltage, these devices
should be included in the Technical Specifications for operability and
surveillance. The staff finds this resolution acceptable.

The NRC staff also reviewed APS voltaqe performence when operating on the
emergency diesel generators. First, the staff agrees with TVA that steady
state performance on the EDGs is bounded by the offsite degraded voltage
analysis and is therefore acceptable based on the above, However, based on
test data discussed in subsection (4) below, the staff could not agree that the
APS load analysis bounded the APS bus and motor voltage performance during the
loading secquence of the diesel generators. The staff thercfore recuired TVA to
conduct margin enalyses to demonstrate the adequacy of APS voltage during
leading., These analyses included the following:

2]

Minimum and maximum bus voltage

Marain to motor stall at minimum voltage

Ability to accelerate all motors in allowable times at minimum voltage
Ability to operate MCVs in requisite time at minimum voltage

Misoperation of control and vercurrent protective devices in over
and under voltage conditions

Although APS voltage did not remain in all cases within the kegulatory Guide
(RG) 1.9 Yimits to which TVA committed in its FSAP, the staff concluded that
the APS wou'd perform its safety function and was acceptable. This finding
was based on the staff's review of TVA's margin analyses identified above.
Therefore, the cstaff finds the APS voltege performance while supplied from the
EDGe to be acceptable for restart. The staff believes that these valtage
fluctuations arice from use in the ENGs of exciter/regulator systems with
slower dynanic response than those of a more modern type. For the permanent
corrective action, the staff relies on TVA's February 29, 1988 commitment to
undertake, after restart, an engineering evaluation and modification of the
EDG exciter/regulator system s¢ as to improve EDG transient voltage response
in the long-term,
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On the basis of i*s review of the APS voltage calculations, the ¢taff concludes
that the calculations are complete and acceptahle and that adequa ¢
(steady-state and transient) voltage wiil be available at a1l Class 1E APS
buses ar” rotor terminals for &1) desian-basis conditions with ma~imum and
minimum unit generator/affsite power supply voltages. This conclusion of
acceptability is limited to Unit 2 restart. Acceptability for Unit 1 operation
will reguire completion of the 48C-volt ac actions described above and revision
of TVA's EDG 'oad analysis to remove the assumption that Unit 1 is in cold
shutdown,

(3) Class 1E MCC Control Circuit and Cable Length Calculations

To determine the ability of the Class 1E MCC control circuits to pick up the
contro! devices (e.g., valves, starters, relays, solenoids) under the worst
degraded voltage conditions, the licensee calculated the voltage profiles to
these control devices from a supply bus (480-volt ac shutdown board) powered
from the worst-case 6,9-kV board (at 6118 volts) upon initiation of an SIAS,
To perform these calculations, the licensee identified a1l Class 1E circuits
that are fed from (lass 1f MCCs and reviewed contro! power transformer size,
starter size and load parameters, cable lenaths, and wire sizes. The ~able
lengths were increased by 15 percent over the design lenqth as a conservative
measure for the voltage calculations. As part of DBVP, these values were
compared with installed lengthe and the more conservative values were used for
the calculation,

The mininum contro! voltage value used as acceptable criteria for the majority
of the starters was 93,5 volts (85 percent of 110 volts). For Allis-Chalmers
starters, the mininum contro) voltage value of 102 volts (85 percent of

120 volts) was used. Thece calculations showed 38 circuits to have a control
voltage value of less than 92,5 volts, and analysis showed that no adverse
effect would result if the energizing of these circuits is delayed for 15 tc
20 seconds. The effective components and the planned time delay for each
affected circuit(s) are given below:

. hydraulic injection valves (HIVs) on the upper-head injection (UHI)
system with a delayed closing of 15-20 seconds (one circuit)

various cooling and exhaust fans in the auxiliary building with a
delayed start of 20 c<econds (36 circuits)

diesel engine heat exchancer-inlet control valve in the ERCW system
with a delayed opening of 30 seconds (one circuit)

In its review of the APS voltace calculations for the worst degraded voltage
conditions (i.e., €118 volts), the staff noted that the voltage recovers to
6631 volts at 10 seconds when the trip set point for degraded grid voltage has
been set at 6560 volts with a time delay of 10 seconds. Since the planned
delays are long relative to the anticipated duration of the deeraded voltage
condition, the steff finds that the planned time delays for the sustained
degraded voltage conditior do not represent a safety concern, The planned
time delays are acceptable for the reasons stated below:

’ The staff reviewed a recent Sandia study (TRAC-PFI/MOD 1 dated
Jrnuary 29, 1986) of the f2ilure of the upper-head accumulator shutoff
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valve that resu:ts in an iniection of nitrogen into the vesse duriig a
design-basis accident. The calculations from this study demonstrated
that "...because of the extra water injected into the vessel by the upper
head accumulator, failure to close the upper heac accumulator shutoff
valve is slightly bencficial with respect to cooling the core.” Thus,

it was concluded that "...there is no significant displacement of vessel
water by the incom'ng nitrogen and the nitrogen that does enter the core
dres not seriously hamper reflood." Thus, an increase in the celay from
four seconds to 15-25 seconds on the upper-head accumulator shutoff vaive
is acceptable.

° A 30-second drlay in starting the cooling &nd exhaust fans in the
auxiliary building will not adversely affert the safety-related equipment
in the rooms and is acceptable.

o The diese] generator engine will not overheat by starting and running from
a standby condition ror 30 seconds without ERCW flowing to the diesel
engine heat exchanger and is acceptable.

During its review of EDG test data documented in subsection (4) below, the NRC
concluded that, although the degraded off site voltage condition did
conservatively envelope voltage conditions during steady state operation of the
EDGs, it did not envelope transient voltage conditions that occurred during
sequenced loading of the ENGs, As a consequence, the NRC required TVA to
analyze the perfcrmance of those specific MCC conirol devices that must

operate during the loading sequence.

TVA's analyses of transient MCC control voltage concluded that, in general,
almest a1l ceontactors and asscciated MCC control devices that were required to
operate during the loading sequences would not be exposed to voltages below
their design minimum for pick up and drop out. However there were two models
of contactors manufactured by Allis-Chalmers and by Arrow-Hart that would

be exposed to voltagas below their design minimums, With more detailed
review, TVA determined that the Allis-Chalmers contactors were used in
manually-controlled circuits in the ERCH system that would not be in use
during the sequence,

To justify the acceptability of function of the Arrow-Hart contactors TVA
first determined the actual minimum contactor pick up and drop out voltage by
laboratory test, TVA then calculated minimum voltage at the contactor coil
terminals to determine margin for drop out and pick up. For drop out, TVA
provided a bounding analysis that assumed maximum cable length, worst-case
device loading and minimum MCC control transformer size., This analysis showed
a bounding margin of 26% between minimum voltage seen during the loading
sequence and drop out voltage.

In analyzing pick up, TVA first reviewed the detailed lcading sequence to
identify those Arrow-Hart contactors that were slaved to sequenced loads and
therefore would be vequired to pick up at the minimum voltage caused by
starting the associated larce motor. TVA then calculated the actuel minimum
voltage at the contactor coil terminals using the actual cable lenqgths,
additional control devices and minimum bus voltage that would occur during the
specific sipp. The worst cose was determined to be an MOV slaved to the
auxiliary feedwater pump which starts at 20 seconds in the sequence. The
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margin betwetir actual minimum voltage at the ccntactor coil terminals and
reavire. pick up voitage was 9.7%.

D #ir3 prck up, a contactor coil draws a lzice amount of current and there is
an increased possibility of blowing control fuses. Therefore, the NRC staff
required a re-examination of MCC control fusing, TVA's re-examination
identified the most critical circuit as a room cooler fan starting at time zero.
The analysis showed 60% margin to fuse actuation during the one second delay
associated with the low voltage pick up.

Baced on the TVA analyses of performance during EDG sequencing, the staff
concludes that adequate ma~gin exists to assure proper operation of the MCC
contrcl circuits during EDG operation, The staff alsc notes that TVA has
committed after restart to evaluate and upgrade the EDG 2xciter-regulator
system which will improve EDG transient performance and therefore increase the
stated margins.

On the basis of its review of the Class 1E MCC control circuit and cable length
calculations <nd TVA supplemental analyses of performance with EDG transient
loadings, the staff concludes that the Class 1E MCC control circuits can pick up
the control devices under degraded voltage conditions.

This evaluation is limited to Unit 2 operation since the EDG load analysis, on
which the analysis of MCC control performance during sequencing depends, assumes
Unit 1 is in cold shutdown., The load analysis and the voltage from it on which
this evaluation derend will require recalculation for two unit operation.

(&) Diesel Generator (DG) Load Analysis

In response to a number of employee concerns alleging gererally that the
Sequoyah diesel generators were overloaded, that load additions were not
properly controlled and that frequency and voltage did not meet FSAR

comni tments, TVA performed a DG load analysis to determine the sequential
loading and capebility of each DG to start each load at the time required
within acceptable voltage and freguency limits. TVA prepared a computer data
Sase to show all loads conrected to the power distribution boards that would

be powered by the DG following a total ioss of off<ite power, The data base
was developed by using as-designed logic and schematic drawings of the circuit
operations for the various design events, All the loads on each power train
were sorted and coded according to the time of star. and/or stop. This load
list/sequence is now being maintained and updated as a TVA QA controlled record,
The accuracy of this list was verified by walkdown and the validity of walkdown
data was inspected by the NRC during the DBVP inspections. TVA considered the
following three possible accident conditions:

‘ a total loss of offsite power (LOOP)

’ LOOP with concurrent SIAS-Phase A containment isolation

. LOOP with concurrent SIAS-Phase B containment isolation

For each of tase accident conditions, TVA determined the sum of the loads, in

horsepower kilowatts and kilovars, from C to 120 minutes for each of the four
power trains.
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TVA's independent DG contractor, Morrison-Knudsen Company, Inc. (M-K), further
analyzed and evaluated the worst-case loading scenario to determine the
capability of the DG to accept and carry sequenced and random loads within
allowed voltage and frequency limits. Based on this amalysis, in its

August 1, 1986 submittal, TVA stated that a problem existed should random

loads be running or started concurrent with the sequenced DG load (i.e.,
700-horsepower containment spray purp) at the 3( second step. The random

loads are automatic process loads that could be initiated at any time by
temperature, level, or pressure. As a conservative approach, the rardom loads
were considered as a block load applied with each sequence step; this resulted
in a worst-case condition when the containment spray pump started at 30 seconds.
The worst-case loading occurs for a LOOP with an SIAS Phase B containment
isolation. Train 2P was the worst for all three cases. For &)1 :hree cases

the contractor concluded that cenerator ¢B would be 2ble to load at the

required time and do so within an acceptable voltage and frequency limit for

all times except at the instant the containment spray pump starts at 30 seconds.

To correct this problem, in its August 1, 1986 submittal, TVA proposed ar
intenticnal time delay of eight 480-volt ac loads to maintain the maximum 1rad
within the value of 4482 kW at the 30-second time, These loads include four
supplies to the 28C-volt ac board room air conditionino system (@ part of the
random loads which would be delayed for 2 minutes and 30 seconds) and four
cupplies to 125-volt dc vital battery chargers that charge the four 125-volt
de Class 1F batteries. (Delayino the loading of the 125-volt dc vital battery
charger for & minutes poses no problem since the 1¢5-volt dc vital batteries
are designed to carry plant emergency loads for 2 hours during a LOOP.) The
staff found that this time delay of the eight 480-volt ac loads would maintain
NG 2B within the acceptable 1imits of loadina.

However, TVA advised the ctaff, at thet time, that the accident conditions
‘or a LOOP with a delayed SIAS were being analyzed and that this would result
in a revised DG load analysis, TVA submitted a revised UG load analysis,
Revision 3, that included the three delayed SIAS sequences on December 29, 19€6.
However, TVA informed the staff by letter dated March 17, 1987, that "TVA is
not evaluating these seauences because the delayed safety injection and loss
of offsite power cases do not significantly contribute to the probability of
core melt,” The NRC Power Systems Branch Review Reminder No. 11 dated

April 20, 1983, concluded that the frequency of core melt occuiring as a
result of a delayed SIAS following a LOOP is sufficiently luw to exclude this
series of events from consideration as a credible core melt initiator,
Therefore, the statf agrees with TVA that these conditions need not be
considered as a desian event.

Also, in its March 12, 1987 letter, TVA stated that its previous resclution
did not sufficiently reduce the transient load; thus, additional actions would
be necessary These additional actions were made necessary by ar error in
TYA'e assumption of DG load 1imits in its analysis. These errors were
identified by M-¥. M-K pointed out that during the first three minutes of
gperation, the superchargers on Seouoysh's diesels are not operating at full
capability. Thercfore, the engire behaves like a naturally a.pirated
(non=supercharced’ urit, A naturally aspirated engine is rated for cperation
at or below 90°F, Sequoyah's maximum ambient temperature is 97/°F, This
differerce resulted in a derating of the enaine in the first three minutes for
which TVA had not accounted,

TVA SER Vol. 2, Part 1 2-24 Revised Preliminary Report



During a March 26, 1987 meeting, TVA provided a revised DG load enalysis
(Rev. 5) and proposed the following new actiuns to correct the problem:

¥ Change the load sequence time delay for the containment spray pump
(CSP?, €SP circulation fan, and cortainment spray header isolation valve
from 30 seconds to 3 minutes.

: Delay starting of the e ectric hoard room air handling unit (AHU)
for 220 seconds.

When thees changes were iuplemented, the maximum icad profiles were
rzcalculateo by TVA, 7Tne NRC staff reviewed the accident gnaiyvsis consequences
»f these changes and approved them in License Amendments £9 and 51 issued
September 18, 1987,

TVA consulted with M=K and, +ith the information provided in the contractor's
report (No. 6957, Rev. 1), transmitted by letter dated February 27, 1987, TVA
proposed the DG ratinos discussed below. During the first three minutes of
cperation, due tc ambient temperature cerating the diesel encines are Timited
to 4320 kW. After three minutes, the enaine can be operated for two hours at
its short time ratino of 4840 kW and 4400 kW fcr periods of operation in excess
of two hours. Further, the cenerators are limited to a total electrical lcad
of 3500 kVA for two hours and 5000 kVA continuously. Thewe limits, stated as
separate engine and generator limits, are equivalent to the combined limits of
4400 kW for two hours and 4000 kk continuously at the power factor of (.8 that
were stated originally in the FSAR, The restatement takes advantage of the
fect that TVA's loads rur at a power factor larger than 0.8 and, therefore,
the total load i3 genesilly controiled by the enoine 1imit rather than by the
generator. 1t should be noted that the FSAR did not recocnize the derating
during the firet three minutes of warm up.

The NRC ctaff reviewed and approved this restatement of DG load limits. This
review was documented in License Amendrments A4 and 56 issued January 7, 1988,
This change to the Technical Specifications increased the DG limits and
correspondingly increased the lcads at which the engines were to be tested
during periodic surveillance.

On the basis of its review of Revision 5, the staff found that the load &t each
sequence step was below the DG ratings except for the steady-state rating

case. TVA has stated that operator action will recuce the steady-state

loading for this case and has provided a list of nonessential loads that

can be shed by the operators and also that there will be a procedure (AO1-35)
to reduce DG load to within the steady-state rating. The staff found this
sction acceptable, The staff ha: determined that the DG can start all

the equipment within acceptable voltage and frequency limits,

In August 1987, TVA completed Revision 6 to its DG load analysis. This revision
incorporated walkdown data on motor loads &nd cable lengths as well as a number
of minor corrections. It also added several appendices containing confirmatory
calculations requested by the staff, The impact of the various changes on
loading results was trivial, The revised calculation was reviewed by the staff
during a Calculations Program inspection in October 1987; no problens were
noted,
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As noted above, the NRC, as part of its review of the DG revisec load limits,
had approved an increase in the loads that the diesel were recuired to be
tested with in the plant technical specification surveillance requirements. As
part of the revised requirements, TVA was to load test the diesel generators at
the new hicher loads prior to restart. These tests were also used to validate
the continued acceptability of the plant's preuvperationa! test program. These
surveillance tests were conducted during the pericd from July to November 1987,

In January 1988, TVA identified to the NRC data from these surveillance tests
which raised significant questions about the operability of the EDGs at
Sequoyah. These recults were interpreted by TVA as indicating both a possible
defect in one generator's (2A) exciter system and a more general problem in
211 generators in conforming with voltage 1imits during loading as stated

in RG 1.9, A failed component was replaced in the excitsr system of the 1A
cenerator which corrected the first problem and left oniy the more general
voltage problem, A detailed review of the test data by the NRC identified the
following significant issues relevant to the second problem:

N the test results were worse than would be predicted by the calculational
methods used to model diesel generator performance

the test data when extrapolated to post-accident conditions shoved that
the diese) gererators had less marain in terms of voltage behavior than
calculations had predicted

Because of these issues, the NRC required TVA to undertake a major analytic
effort with the following objectives:

to identify the reasons why calculations did not predict the severity
nf the experimental results

to improve the calculationa) methods to provide greater assurance that
tve calculational methods would conservatively predict post-accident
behavior
to quantify the margins availalle between diesel capability and specific
electrical power system requirements in post accident operation., The
specific margins in question were the following:

(1) minimum voltace during the loading secuence;

(2) diesel-generator power rating (kVA and kW);

(3) motor performarce (starting and stalling);

(¢) contactor performance (pick up and drop out);

(6) motor operated valve performance (torque and timing):

(6) overcurrent protection misoperation (circuit breakers
ard control fuses); and,

(7) sequence timinc error (overlap and maximum loading time).
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These required analyses and calculations were submitted to the NRC on
March 1, 2, and 11, 1988, Based on its review of the results of these
calculations the NRC reached the following conclusions:

. The most likely reeson that the original calculations did not bound the
test data was that cenerator voltage did not stabilize between successive
steps in the loading sequence.

° The generator's inebility to stabilize voltage was probably caused by the
use of 3 voltage reguiate~ lacking the speed and performance
characteristics typical or those used in modern nuclear applications.

: The most recent analysis methods used by TVA bound the experimental date
and predict the DGs behavior in post accident loading with adequate margin.,
Howaver, this margin i¢ less than was expected when the plant was licenced.

- The margin that remains i¢ sufficient to assure :afe operation of Seyuoyah
for restart and for the limited period of time until corrective action is
take to re-establich the margin that was believed to exist at the time of
licensing.

In a March 3, 1988 submittal, TVA committed to evaluate the performance of the
FNGs and implement corrective action prior to restart after the next Unit 1
refueling outage. This schedule is acceptahle to the NRC staff,

TVA 3lso addressed the concern (SCR SQNEER 864€) that voltage would fall below
the 75 percent minimum stated in PG 1,9 and not recover within the specified
time interval if the DG breaker closes at 80 percent of nominal voltage. TVA
stated that this occurs because the 6.9 kV shutdown board DG supply breaker is
cesigned to close at B0 percent of nominal voltage with the diese! running at
850 rpm, Since the present voltage relay used to control the supply breaker
could not be reset hicher with precision to correct the situvation, TVA
deliberately lowered the rata at which engine speed builds up. This provided
creater time for voltage to increase and correct the voltace problem. However,
this led to the incidental result that the frequency at breaker closure is
below the + 5% frequency stated in RG 1,9, The KRC has examined the frequency
trace during test and determined that frequency continues to ‘ncrease after
hreaker closure with its time zero loading at the same constant rate as before
closure and reaches the allowabie rance in less than one second. The NRC
concludes this deviation from the reguiatory guide to be incidental, of ro
safety significance.

In examining the voltage test results discussed above, TVA and the NRC noted
that vcltage in at least one case exceeded the + 10% volitage recovery limit
stated in RG 1,9, This limit recuires that, durin$ loading, voltage recovers
to + 10% within €0% of the <tep interval. It should be noted that in RG 1,9,
Revision C, which TVA committed to in its FSAR, the requirement is 40% of the
interval. However, the NRC fourc this to be unrecessarily restrictive and
relaxed the reocuirement in subsequenrt revisions of the RG, Therefore, the
NRC staff will not hold TVA to the unnecessarily restrictive 1imit. The NRC
staff concludes that the very thort (less than 1/2 second) overvoltage has no
safety significance, has been adequately addressed by TVA, and is acceptable
for restart, The staff notes that improvements to the excitation cystem
discussed above would mprove the DG performance.
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As part of its March 1, 1988 submittal, TVA provided Revision 7 to its DG
loading calculation for staff review. This revision sliohtly rearranges the 20
and 30 cecond steps to assure two major motors could not start at essentially
the same time because of timer error and drift and therefore overload the
engines, The change has no significance in the design basis accident analysis,

It should be noted that the major TVA calculetions on which the staff's
findings are based assume that Sequoyah Unit 1 is in cold shutdown and must be
revised to support Unit 1 restart. Further, the staff notes fts reliance on
TVA's conmitment toc undertake, after restart, a major review and modification
effort to improve performance of the DG requlator/exc.ter system.

2.3.3,2.2 Control Power System

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

TVA performed the 125-volt dc vital control power system study to determine 1f
there is adequate voltage available at the terminals of the selected compcnents
to continue proper operation during a loss of ac power. TVA performec voltage
calculations for a representative sample of typical circuit types and
categories because there are 600 safety-related circuits. TVA selected 35
circuits and clasaified them into the categories listed below:

(]

6.0-kV shutdown board control circuits

o

480-volt ac shutdowr board control circuits
fuse columr circuits (primarily solenoid valve circuits)

auxiliary relay rack circuits

©

reactor trip switchgear hreaker control circuits

o

120-volt ac vital inverter feeder circuits

TVA arelyzed the sample circuits by calculating the voltage available at the
terminals of the loads and comparing thie voltage with the manufacturer's
minimum voltace rating, If a problem was identified in any of the categories,
all the circuits in that category were evaluated. The staff finds this
dcceptagle since the representative sample chosen was based on 2 worst-case
approach,

To calculate the maximum voltage drop, a cable length of either the
construction pull TQngth or design length plus 30 percent was used with the
cable temperature at 90°C, For the latter four categor.es above, the viteal
battery 2-hour discharce minimum terminal voltage of 105 volts dc was used,
However, for the former two catecories, the calculations were performed with
a battery voltage of 120 volts de. TVA based this assumption on Sequoyah's
design criteria which state that *le voltage shall be 120 voits dc. Because
of the automatic undervoltage Yoad sledding feature, the critical operational
period for the 6,9-kV and 480-volt ac shutdown boards is fmmediately upon loss
of ac power, i.e., battery voltage of 120 volte dc. The staff concurs with
TVA's asurption since these mandatery loads will occur during the initiel
discharge phase of the battery duly cycle and each operation lasts only a
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fraction of a second. In addition, the battery is not expected to be
d1schar?ed 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 calculation (SCR SQNEEB 8605), TVA identified
inadequate minimum dc input voltage to the 120-volt ac vital inverters on

Unit ! per the manufacturer's specification. The oricinal vendor minimum

input voltage specified for these inverters was 10% 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 other problems surfaced as well: (1) inadequate dc fnput voltage
for 24 solenoid valves associated with the steam dump system curing a minimum
vital dc system voltage condition (105 volts dc), and (2) excessive voltage
drop (based on the manufacturer's data) for two flow-modulated solenoid valves
hetween the mouulator (valve controller) and the valve during any dc system
voltage. As noted in a letter dated August 1, 198f(a), TVA ctated 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 ajequate voltage is available
for the flow-modulated solenoid valves.

Or the basis of its review of the 125-volt dc voltage calculatior along with
the additional clarification, the staff finds that adequate voltage is
availatle for proper pperation during a loss of ac power and no further
cerrective action by TVA is required.

(2) 120-Volt AC Vita) Instrument Power System Voltage Celculations

The purpose of the 120-volt ac vitel control power system study was to
determine if the safet-related 120-volt ac loads powered from the 120-volt ac
yital instrument power boe ‘- have adequate voltage for preper operation,

TVA revieved all safety-related loads for Units 1 and Z and identified & total
of 166 such safety-related circuits. These circuits we e classified into four
oroups (i.e., relay, valve, monitoring, and instrumentation and control
circuits) 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 identifiec no failures in a group, a high degiee of confidence
was achieved and no further evaluation was performed. If & failyre was
identified, then the voltace calculation for every circuit in the group was
performed.

The inverter [power source) was assumed [worst case) to be operating at full
load with a maximum output (125 amp) and minimum output voltage of i17.6 velts
(120 volts minus 2 percent) with a phase angle of 41 dearees. The voltage
availeble at the terminals of each component supplied by the inverter was
calculated and ite adequacy determined by comparing with the manufacturer's
minimum voltace rating. The cable lenoths of either the construction pull
length or the design length plus 30 percent were used with the cable
temperature at 90°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
efaht circuits from three croups (i.e., valves, monitors, and instrumentation
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and control) have excessive voltage drcp. These circuits were identified for
corrective action, and further vo\tage 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 voltace drops that were documented for
co~rective action under SCR SONEBB 853c.

The staff concurs that the use of such a sampling technique can be justified
in dotermining the adequacy where a ‘arge number of circuite are involved.
Further, this type of categorization sampling technique cén be a useful tool
to identify and localize problem areas in circuit design; therefore, the staff
finde this technique acceptable.

TVA found that the above 12 circuite were divided into three aroups:

(1) radiation rate meters within the moritoring group, (2) post-accident
sampling in the valve group, and (2) reactor vessel level instrumentation in
the instrumentation and control group. TVA stated that corrections for these
deficiencies would involve pulling larger size cable to reduce cable impedance
and parallelina supply cables to reduce the current through various portions of
the affected circuits. Those corrective actions required for restart of
Sequoyah Unit 2 have been completed.

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
corcludes that the safety-related 100-velt ac lcads powered from the 120-volt
ac vital instrument power boards will have adequate voltace for safe operation.

2.3.3.2.3 Instrumentation anc Contro! Systems Instrumentation Accuracy
Calculations

The NRC staff ard its consultant, Science Applications International, reviewed
2 sample of 15 TVA instrumentation and control calculations for Sequoyah for
technical accuracy. Guidance tc prepare instrument set point calculations and
to maintain set point accuracy that ic needed to fulfill the design basis
requirements of TEEE Standard 276-1971 is provided by IEFE Standard €03-1980,
BG 1,105, and Instrument Society of America (1SA) Standard 567.04-1982,

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
harsh environment conditions impcced on individual instrument loop components.
The reviewed sample did not include each type of calculation ordinarily
prepared by an instrumentation and control design group. Specifically, the
reviewed calculations did not ectablish an actual set point valuye for the
instrument charnel, nor did they generally address the set point accuracy of
safety-related instrument loops subject only to @ mild envirorment cordition.
Instrument set points are established by the mechanical/nuclear calculations,
The NRC staff accepts TVA's assertion that accuracy for instruments that are
not exposed to a harsh environment has been demonstrated by the operational
experience at Sequoyah.

The calculations revieved generally addressed the worst-case predicted accuracy
or variability of an «stabiished safety-related process set point, The
objective of a set point accuracy calculation was to determine the statistical
allowance of an instrument charnel, The expected performance of an instrument
channel could then be assessec for confermance with process set pocint limits,
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The methodology employed in the determination of the instrumemt channel
statistical allowance was the square root of the sum of squares (SRSS) of
individual effects such as those listed below.

-]

¢

environmental allowance

process measurement accuracy

primary sensor element accuracy

sensor calibration accuracy

sensor measurement and test cquipment 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

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

(1)

(2)

pre-operational tests in lieu of calculations for cortrol loops
(auxiliary feedwater stability calculation)
(RIMS B42 £60915 925 RO)

instrument accuracy calculation for 1-PT-68-69
(RIMS B43 86080C 901 R2)

instrument accuracy calculation for 1-TE-68-1, -18, -24, -41, -60 and -83
(RIMS B43 860805 213 R3)

response time of sensfn? lines
(RIMS B42 861106 904 R1)

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

sglenoid valve arc suppressior networks located in harsh environment
(RIMS B42 860619 901 R1)
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(7) demonstrated loop accuracy for high-range -¢dfation monitor
(RIMS B43 860624 914 R?)

(8) HVAC instrurment accuracy evaluation
(RIMS B43 860829 917 PO{

(9) demonstrated accuracy calculation for 0-LDT-67-470, -477, -482, and -4€7
(RIMS B43 860¢15 910 RO)

(10) demonctrated accuracy calculations for 1-PS-3-13%A, B, and D
¢ud for 1-PS-2-144A, B, and D
(RIMS B42 £S0915 912 R0)

(11) verification of retrievability for isokinetic equipment calculaticns
(RIMS B3 860826 902 RO)

(12) control valve sizing reirievability review
(RIMS B43 860917 912 RO)

(13) safety-related flow elerents locations
(RIMS B43 €60915 917 RO)

(18) demonstrated accuracy calculation for 1-PS-3-148, -166, -164, and -171
(RIMS B43 860915 916 RO)

(15) filter desiqgr for PT-30-31C and -311
(RIMS B43 £61022 901 RC)

The staff reviewed these calculations and requested additional information
for calculations (1), (5), (6), and (8), Other calculations were either
fully acceptable or were acceptable with minor corments. The staff met with
TVA or Aucust 19, and November 30 through December 2, 1987, to resolve staff
concerrs,

During these meetince, TVA presented reviced information for calculations
(1), ?6). and '8). Calculation (5) was replaced with (RIMS B43 860917 919).
The revised and new information for calculations (1) and (5) were acceptable
to]the staff. FRevised information for calculations (6) and (8) is discussed
helow,

Calculation (6) - ARC Suppr:ssion Network

Thie caiculation did not properly address the seiemic integrity of the
majority of arc suppression networks. Therefore, the stafi concluded
that the arc suppressicn network could fail during a seismic event.

The TVA assumption that these devices are needed for only one cycie and
therefore need rot be seismically nualified is indefensible. TVA
acknowledgec the seismic intearity issue in the meeting and stated that
the seienic ovalification of these arc suppression diodes will be
resolves and the arc suppression networks will be seismically cualified.
TVA has submitted, by letter dated February 29, 1988, confirmation that
the are suppression diodes are seismically qualified,
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Calculation (8) - HVAC Instrumentation Accuracy Calculation

TVA does not have any documentation to confirm the seismic quaiification
of the HVAC instrumentation. TVA has taken the approach that, after a
seismic event, the plant stsff will perform a physical walkdown to ensure
that instrumentation is operable., TVA did not provide any procedures for
ensuring instrument operability after a seismic event and did not
establich acceptance criteria for determining what constitutes instrument
degradation,

TVA also indicated that some instruments are required to have © percent
accuracy, but it was unable to provide a calculation for the instrument
set point and process safety limit values. The staff pointed out that

KVAC set points (RIMS B44 871015 006) had recently been established at

90 percent of full range and that this may be inconsistent with the

15 percent accuracy limits,

TVA has acknowledged the NRC concerns and stated that it will revise the
calculation and acdress the seismic threshold 1imits, specify the HVAC
equipment to be inspected after a seismic event, provide an inspection
procedure, and clarify the calculation accordingly. NRC staff considers
thie solution to be accepteble based on TVA's confirmatory response dated
February 29, 1988 but does not believe the solution needs to be
implemented prior to restart.

On the basis of its review, the staff finds the TVA instrument accuracy
calculations to be satisfactory. TVA documented the proposed resolution to
staff concerrs in calculations (6) and (8) in the confirmatory letter dated
February 29, 1988.

2.3.3.2.4 Raceway Svstems

The staff evaluated TVA's justification for using its ampacitv tables and the
justification of these tables as applied to centrol level cable trays, grouped
conduits, and conduits with more than three cables &nd Juct banks,

INPO performed an audit in 1986 on the Bellefonte plant that revealed
inadequacies in TVA's ¢lectrical design standards DS-F12,1.1 through DS-E12.1.4,
These standarde have been used to size 211 the insulat2d power cable ampacities
(auxiliary and control) throuchout TVA's nuclear plante. This finding, later
confirmed by TVA's Eellefonte electrical evaluatior team, was identified ec a
generic problem. By a report cated February 27, 1986, TVA described an
analysie it has performed to aemonstrate the adequacy of design standards
1S<E12,1.1 through DS-E12.1.4, After reviewing both the standards and the
supporting calculations, TVA concluded that the standards were incomplete and
lacked the cefinition and information required for proper applicatior., These
deficiencies in design standards were identified in TVA Problem Identification
Report (PIR) GENEEBB6OS.

By Tetter dated December 23, 1986, TVA informed the staff that cdesign standards
D5-12.1.1 through DS-£12.1.4 were superseded and that the new electrical desigr
stancdard, DS-E12.G.3, "Ampacity Tables for Auxiliary and Control Power Cables
(0-15,000 volts)," corrected &11 the inadequacies. The new standard also
addresses ampacities for cable in conduit, cable tray, and duct bank as wel)
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as derating factors for cable coatinas; 10 CFR 50 Appendix R, fire wraps;
cable tray covers; and cable tray bottoms. TVA's submittal also presented the
followirg information regarding the standard.

. Electrical Design Standard DS-E12.6.23 for sizing cables with regard to
ampacity was developed in accordance with recognized industry standards
on ampacity, i.e., Insulated Power Cable Engineers Association (IPCEA)
P-4(-426, National Clectrical Code (NEC) Article 310 (1987), IPCEA
P-54-440, and Institute of Electrical and Electronics Engineers (IEEE)
70 Tp 557 PWR.

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

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

N The standard was reviewed and found acceptable by Bechtel Power Corp.

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

Pether than examine each electrical cable to determine its adenuacy with
respect to ampacity ratings established under DS-E12.6.3, TVA developed a
sampling program, A1l the cables were categorized ‘nto nine inspection Tots
according te their operating voltaces, cable routings, covers, and wrappings
Fach cable, counted only once, was included in the inspection 1ot reflecting
the most limiting raceway configuration for ampa:ity in which it was routed.
The rine inspection lots are listed below:

(1) V3-level cables routed in tray

(2) V3-level cables routed in conduit without Appendix R
fire wrap

(3) V3-level cables routed in conduit with Appendix R
fire wrap

(4) V4-level cables rcuted in tray without tray covers, bottoms,
or Apperdix R fire wrap

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

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

(7) V5-leve! cables routed in tray with tray covers, and/or bottoms,
and/or Apperdix R fire wrap

(8) V4- and VE-leve! cables routed in conduit without Appendix R
fire wrap
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[9) V4- and V5-level cables routed in conduit with Appendix R
fire wrap

The definitions of the three voltage levels are given below:

V3 - auxiliary and control ac and dc power cables cperating at
a voltage of up to 277 voits 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 areater.)

V5 - medium voltage auxiliary power cables with a nominal rated
voltage of 5, 8, or 15 k¥

TVA established a separate engineering $roup to identify all the cables in each
respective lot. This group reviewed a1l the cable trays and conduit drawings
(as-built) to verify the existence and location of tray covers and/or bottoms,
and Appendix P fire wraps., This survey was per formed under "Walkdown

Procedures for Ampac,ty (SMI-0-217-41)." Once all the cables in each lot were
fdentified, the group determined a sample size for each lot by using the
Military Standard 1050 dated April 29, 1963, "Sampling Procedures and Tables for
Irspection by Attributes.” Among the chosen samples, the group determined the
21lowed ampacity of each cable by applying the derating and correction factors
specified in DS-£12.6.3, The group evdaluated the adequacy (pass/fail’ of the
cable empacity by comparing the allowed ampacity and the actual ampacity, which
is based on the full load current multiplied by appropriate factors accordirg

to load types (i.e., motor, transforimers, 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 consiocred the lot adequate. The
failed cables were documented in a significant condition report (SCR) for
corrective actionrs,

On rebruary 27, 1987(c), TVA submitted the following results:
(1) V3 voltace level

Although this voltage evel is restricted to control czbles operating
at 2 vo'tage up to <77 /olts and a current of less than 30 amps, the
great L. ority of cables in the V3 leve! carry low-level and/or
intermittent siorals for which the ampacity rating of the cable is of
no concern. TVA provided justification and documentation (inciudin
supporting calculations) for excludine this 2roup of cables (contro?
function cables) from this program. Thus, TVA separated those V3
voltage leve)l cables that require consideration as possibly bein
auxiliary "control power cables” (Incpection Lots (1), (2), and ?3))
from those "control furction cables" used for controlling the
nperating status of equipment., The sampling prooram was used to
astablish the extent of inclusion of control power cables in Lots
(1), (2), and (3) and the adequacy of their ampacity rating. These
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results are oiven below:

No. of
MS per No. of Control
Total 108D Cables Power
No. of Sample Sampled/ Cables No.
Lot Wo. Cables Size Analyzed Found Passed
1 5919 80 376 1 1
2 3331 52 693 4 4
3 - _3 .3 0 0
Totals: 9253 105 1072 5 5

TVA sampled 1069 cables out of the 9250 cables for Lots (1) and (2).
Analysis of the 1069 selected cables from these two lots showed only
five cables that carried sufficient current to be considered as
potentially having an ampacity problem. However, these five cables
were found to be adeauately sized in accordance with DS-E12.6,3. 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 carryirg other than very low and intermittent
currents was substantially less than previously anticipated, Since
211 those control pover cables anelyzed presented no probiem and since
there were not enough sample cables carrying high currents in this
voltage category, as required by he military standard, TVA performed
no further evaluation.

(2) V4 and V5 voltage levels

The V4- and VE-level cables had a areater tendency to have a problem
with ampacity because of the higher current levels and the practice
of providina less conservatism in sizing high-power cables. TVA
found that too many cables in Lots (4) through (9) did not pass the
scceptance criteria (failed); therefore, additional power cables
(100 percent) had to be inspected. Lots (4), (5), (6) and (9)
received a 100% inspection of cables, For Lots (7) and (8), only

10 CFR 50,49 and associated cables were 100% inspected; the
remaining cables in the lots were subject to a sampling approach.
TVA identified 457 cable failures frum these inspections; the results
are provided below:

Total

No. of No. No. No. to be
Lot No. Cables Passed Failed Replaced
4 407 269 138 12
5 568 277 291 103
f 29 71 8 0
7 47 47 0 0
8 384 366 18 8
g AL -2 — 2
Totals 1446 989 457 128
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TVA used the criteria listed below to evaluate each failed cable:

N Tray covers and bottoms that were not required for personnel or cable
protection or to mcet licensing commitments were removec.

. The allowable cable ampacity was recalculated on the basis of existing
tray fill,

. The actual load current was determined on the basis of existing connected
loads.

The load type multipliers were modified to reduce the ampacity margin by
reroying excessive conservatism,

With this approach, TVA found that 332 of the 457 failed cables were within
allowable ampacity and therefore acceptable. The other 125 (a combined total
from both units) will be replaced before restart of the applicable unit,

TVA's revised DS-F12.6.3 is based on industry standards &nd provides various
derating factors that are applicable to the specific installed cable
configurations. The staff finds DS-E12.6.3 acceptable for use in resclving
the TVA ampacity problem at the Sequoyah units,

The staff finds that Military Standard 1050 is not sufficiently well defined
to obtain a 95/95 assurance level (i.e.. givin? 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
distribution function, which provides larger samples than the military
standard, However, 2¢ discussed below, the actual sample size taken in the
field exceeds the requirements of either the Military Standard or the
hypergeometric distribution, Thus, this fssue is moot.

However, for the V2 voltage level (Lots (1), (2), and (3)), TVA sampled a far
greater number of cables than required by either approach. Since only five
control power cebles 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 V3 level is acceptable and that
these cablec cdo not constitute a oroblem area.

A similar cempling process was conducted for the V4 and V& voltage levels
{Lots (4) throueh (9)). As a result of this 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 ard/or removed hecause they are not being used to support
opera;ﬁon $f Unit 2, This will provide a 100/100 assurance level for the V4
and V5 cables,

Based on i1ts review of the TVA submittal end the resclution of identified
deficiencies in PIR GENEEBR60S5, 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
unverified assumptions. These are the accuracy of (1) the cable schedule
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data base and (2) the installec thickness of fire protective cable coating.
The staff verified the accuracy of the cable schedule data base throuch
inspections conducted during tﬁe DBVP inspection and IDI programs. The
installed thickness ocuestion has been resolved because TVA presented
calculations during the DBVP inspection that demonstrated, for the geometries
at issue, the maximum temperature was bounded at an acceptable level for all
reasonable thicknesses.

2.3.3.2.5 Short-Circuit Study - Medium Voltage System
2.3,3.2.5.1 PBackground and Analysis

In a letter dated December 29, 1986, TVA submitted electrical calculetions
for Saquoyah Nuclear Plant Unit 2, including short-circuit studies of the
medium voltage system. The NRC, with its contractor, Science Applications
Internationa?. conducted an independent technical evaluation of selected
samples of the TVA Sequoyah electrical calculations., TVA issued Revision 1
to this calculation on June 1, 1987; the revision was reviewed by the NRC
and its consultants during the calculation program and ID! from August
through October 1987, Additional informaticn on circuit breaker capebility
and analysis of calculational results was provided by TVA in a letter dated
August 10, 1987, This section provides a description and NRC's evaluation of
the adequacy of short circuit capability of Sequoyah's medium voltage system
as described in these submittals,

The medium voltage system consists of non-Class 1E and Class 1E 6.9-kV
switchgear, circuit breakers, and associated electrica) equipment designated
as startup boards, unit boards, and shutdown boerds. The €.S-kV shutdown
boards in each power train derive power from eitner of two 6.9-kV unit boards
or from their respective standby power source (diesel oceneratur,, The feeders
connectina each shutdown board with these three sources are termed the normal,
aiternative, and standby feeders. The normal &nc alternate feeders can derive
power from the nuclear unit, via separate unit station service transformers
and separate 6,9-kV unit boards. The normal &nd alternate feeders for each
bus can alsc derive power from separate preferred source circuits, routed
through either of two separate common station service transformers and from
either of two 6,9-kV unit boards. During conditions where neither the nuclear
unit generator nor the preferred (offsite) power is available, each 6.9-kV
shutdown board is energized from a separate standby diesel generatour via the
standby feeder, The standby ac power svstem is a safety-related Class 1E
system that continuously supplies power for energizine 21 ac-powered
electrical cevices essential to safety. Power continuity to the 6,9-kV
shutdown boards is maintained by switching among the nuclear unit source

(the normal source), the preferred (offsite) source, end the standby (onsite)
source. Source selectior is accomplished by automatically transferring from
the nuclear unit source, v the preferred source, to the standby socurce, in
that order. The reverse transfers are manual,

To analyze short circuit capability, TVA selected fault locations within the
6.9-kv syctem for analyzing the short circuit current values to assess the
capability of the installed equipment from the standpoint of fault protection,
The faults were calculated on each 6.%-kilovolt unit board bus, and each 6,9-kV
shutdown board, A three-phase bolted fault for each fault location was

selected by TVA for purposes >f calculating the maximum available fault current,
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Since the €.9-kV system is grounded through low impedance resistors, ground
fault current i¢ limited; this eliminates the need for making single-phase to
ground fault calculations. Therefore, the bolted three-phase fault should
yield conservative fault current estimates to determine the adequacy of the
interrupt and withstand capability of the installed 6.9:kV circuit breakers,
The purpose of the three-phase short-circuit current calculations was to
determine the maximum value of short-circuit currents to establish the
adequacy of the latching (asymmetrical current) and interrupting capability
of the installed £.G-kV system switchgear and circuit breakers,

The staff evaluated the desian of 6.,9-kV supplies and equipment against the
requirements and recommendations of the documents normally used in the dasior
of electrical power systems for nuclear power plants., Specifically, the
requirements of Gereral Design Criterion (GDC) 1, GDC i7, NUREG-0800 (Sections
8.2 and B.3), RG 1,32, and IgEE-BOS were compared to the Sequoyah electrical
design., In addition, industry standards, such as ANSI 37,06-1964 and

ANST 37.010-1979, which are normally used for sizing electrical switchoear
and equipment, were compared agairct the installed switchoear at Sequoyah to
verify their ratings and capacities. This safety evaluation is based on the
licensee's submittals and discussion with the licensee regarding the 6.9-kV
switchaear.

The methods and assumptions used by TVA for calculating three-phase short-
circuit currents at the 6,9-kV switchgear locatione are reasonable and consis-
tent with industry practice, Specificallv TVA used the bases and recommenda-
tions of ANSI 37,010-1979., Both the modeling and assumptions used in making

the three-phase fault calculations are appropriate ard in conformance with ¢ood
ergineering practice. The fault current values obtained from these calculations
provide the basis for sizing electrical switchgear and determining the withstand
and interrupt capability of the circuit breakers., Theee calculated current
values indicate the worst-case for the bolted three-phase electrical fault at
each fault location., Good en?inter1rc practice in conformance with industry
stardards dictates that the electrical equipment specified for these locations
(i.e., the urit boards and shutdown boards) must have a rating equal to or
higher thar the calculated values. This philusophy and practice is used
industry wide to provide added conservatism to accommodete the normal aging

ard service of the equipment and any increase in load after installation.

The celection anc¢ application of power circuit breakers for ac power systems,
such as the Sequoyah 6,9-kV system, had been standardized by ANS1-37.06-1964,
This stendard is intended as a guide for the selection and application of the
circuit breakers by the user, In its submittal of December 29, 1966, TVA
irdicated that the Sequoyah design was based on ANS1-37,06-19€4, According

to this standard, the 500-MVA class circuit breakers and the shutdown boards
would he rated for 8,25 kilovolts maximum voltage with a short-circuit current
rating of 32,000 anperes (i.e., 471 MVA) and the switchgear would have a momen-
tary rating of 60,000 amperes. In its August 10, 1987 letter, TVA provided the
manufacturer's guaranteed performance data, which showed that the circuit
breakers and associated buswork have a 500-MVA interrupting capacity rating and
an B0,000-ampere momentary rating. These ratinge are substantially above the
ratings required for 500-MVA clace switchgears. However, even using these
actual ratinos, Sequoyah's 6,9-kY circuit breakers are undersized, relative to
TVA's most recent short-circuit calculation, bv as much as 35 percent on the
unit boards (through which unit generator and offsite power is routed to the
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safety boards) and by 8 percent at the shutdown (safety) boards. Similarly,
the unit boards are undersized by 3 percent for momentary withstand capability.

In its August 10, 1987 letter, TVA noted that the calculation methode of ANSI
(37.10, used for determining required capacity, assume a three-phase bolted
fault on the bus and calculate the total available fault current on the bus
from all sources. According tc TVA, for the bus arrangements at Secuoyah,
these assumptions are conservative for the main feeder breakers on both the
urit and shutdown boards because the feeder b, cakers are not required to
interrupt the fault contribution from the downstream loads. Appendix B to
Pevision 1 of the short-circuit calculation shows that the actual faults these
breakers would be required to interrupt are 543,6 MVA for the unit board feeder
and 494.6 MVA for the shutdown board feeder. It should be noted that in this
particular calculation, TVA included the impecdance of the buswork from the unit
station transformer to the unit bus. The NRC staff and consultants have
reviewed thie calculation and concluce that it is technically correct,

ANS1 37.010-1979 states that it is necessary for the circuit breakers that are
installed for a given voltage service to have a minimum of at least 100 percent
capacity as compared to the maximum calculated fault values. Therefore, on the
basis of the ANST 27.010-1979 and ANSI 2C.06-1964 criteria, the 6,9-kV circuit
breakers installed at Secucyah are undersized for the available fault currents.
In its submitta) of December 29, 1986, and in FSAR Section &.1, TVA committed
to meet the requirements of the appropriate regulations and industry standards
and practices relating to the design of the 6.9-kV electrical power system,

In particular, the requirements of GDC 1, GDC 17, RG 1,32, IEEE Standard 308,
and ANS] Standards 27,010 and 37,06, address this issue. The relative

criteria are stated below:

GDC 1 - Quality Standards and Pecords: "Structures, systems, and
components important to safety shall be designed, fabricated, erected,
and tested to quality standards commensurate with the importance of
the safety functions to be performed. Where generally recoonized
codes and standards are used, they shall be identified and evaluated
to determine their applicability, adequacy, and sufficiency and shall
be supplemented or modified as necessary to assure a quality product
in keepine with the required safetv function.”

DG 17 - Electric Power Systems: "Provisions shall be included to
minimize the probability of Tosino electric power from any of the
remaining supplies as a result of, or coincident with, the loss of
nower from the transmiscion network, or the lose of power from the
ensite electric power supplies.”

IEEE 308-1574 (Endorsed by RG 1.32) - Criteria for Class 1E Power
Systems for Nuclear Gererating Stations, Section 5.2, €], Protective
Pevices: "Protective devices shal) be provided to 1imit the
degradation nf the flass 1E power systems."

ANS] 37,010-1979 - Application Guide for AL High-Voltage Circuit
Ereakerszﬂated'oﬁ;Eymmntrtca1 Turrent Bacis, section l.g, Short-
Circuit Rating: "1In the applicatior of circuit breakers, 1t 1s

necessary trat none of the short-circuit current capability of a
circuit breaker be exceeded."
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In discussions with the staff and in its letter of August 10, 1987, TVA has
indicated that although the interrupting capability of the unit board circuit
breakers is well below the available fault currents, it is willing to assume a
commercial risk in opzrating the plant for a Yimited time, TVA stated that it
hes instituted action to lower the available fault cirrent at the unit boards
in the long term, Where the shutdowr board breakers (Class 1E) are concerned,
TVA has indicated that the one-time end-of-1ife test is good enough to permit
the use of these breakers, The one-time test results indicated that the
contacts were heavily damaced, that the chutes were at the ultimate limit of
their capacity, and that the breaker had reached its end-of-1ife condition,
Although the vendor furnished the breaker test data to TVA, the vendor has
refused to certify 550 MVA as the qualified rating for these breakers,

2.3,3,2.5.2 Evaluation and Conclusions

On the basis of TVA's most recent data, the NRC staff calculated the maximum
fault levels to he expected on the most heavily loaded buses of the Sequoyah
6.9-kY system and the system's capability to handle such faults. This analysis
assumes a maximum pre-fault voltage of 7,26kV. This voltage is consistent with
a 24.8kV maximum orid voltage, a 1,025 tap cetting on the USST and, when

either unit is operat.ng, a .975 £SST tap setting. These values are controlled
by TVA procedure and their correctness was verified by NRC staff review. The
staff analyred the unit boards, which are the 6,9-kV boards that are not

safety orade and that are fed from the station service transformers and that,
in turn, feed the vital shutdown boards. The incoming breakers to the unit
boards, from either the unit or reserve station service transformers, could be
required to interrupt a fault as high as 545 MVA, This exceeds the breaker's
gesign rating of 500 MVA and approaches, but does not exceed, the tested
interrupting value of 550 MVA., The individual loac breakers on the unit

boards could be required to interrupt as much as 600 MVA when the diesel is
operatirg, which ic well above either the rated or tested capability of the
circuit breaker, Even when the diesel is not operatina, the unit board load
breakers would be recuired to interrupt more than 560 MVA, As part of its
review, the NR( staff alsc recalculated the momentary fault duty at the unit
board, tris time taking into account the impedance of the USST bus work, With
this impedance added, the staff calculated the momentary fault current to be
80,200 amperes.

The staff analysis of the safety-related shutdown beards showed the feeder
breakers would be required to interrupt 2bout 490 MVA (with or without diesel
generators), which is slightly below rated capacit:, The irdividual shutdown
board feeders would be required to interrupt about 530 MVA when the diesel is
operating; thic is above the design ratina but below the tested capability,
Without the diese) rurning, the shutdowr beard l1oad breakers will be required
to interrupt about 490 MVA,

The momentary asymmetric current on the buswork ard unit board circuit
breakers, with the diesel cenerator operating, is at or very slightly above

80 kiloamperes, which is the momentary ratina of the switchgear, without the
diesel generator operating, the momentary current is about 76 kiloamperes. The
momertary current cn the safety-grade shutdown boards, for 211 conditions, is
less thar 67 kilopamperes.
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In summary:

- In normal operation, the non-safety-grade unit board feeder circuit
breakers may be required to interrupt a fault oreater then desiqgned but
less than tested and the unit board load circuit breakers may be required
to interrupt @ fault sionificantly above the designed and tested value.

- When the emergency diese] generator is operated in parallel with the unit
station service transformer, the non-safety-grade unit board buswork and
switchgear mey be subjected to physical forces from momentary fault
currents slightly above design values.

. During parallel operation, the individual load breakers on the shutdown
boards may be subjected to interrupting duty above the design rating but
less than the tested capability. The shutdown board feeder breaker will
be minimally within design rating.

During normal operation, the vital shutdown board incoming breakers will
bc within design rating, but only with 1 to 2 percent of margin.

The staff roted that a less conservative approach than that typically used for
design was used for these calculations in that bus and cable impedance was
considered and line current rather than bus current was used. However, @
three-phase bolted fault in fteelf i5 a conservative ascumption because real
faults tend to exhibit some impedance and some degree of phase imbalance and
arcing, ¢'1 of which tend to lower the fault current below that of the boltec
fault., Actual fLults also tend to occur moct often at loads or in cables
rather than at the circuit breaker terminals ac was assumed in the calculation.
Fven a relatively short length of cable between the breaker and the fault would
lower 211 the calculated fault values to less than the breaker's designed
rapacities.

1t the caleulati'ns it was conservatively assumed that the diese! generator
will be operating in parallel with the system when the fault occurs and that
all motors on the involved buses will be cperating at that time. The diese)
generators only rarely are run in parallel with the system, cererally about an
hour per month for testing. Because of redundancy, all motors on all the
involved buses are seldom run simulteneously. The staff considered all these
factors in reaching ite conclusions about the adequacy of the svster.

The staff reviewed the protection schemes and bus arrancements associated with
the switchyard and 6,9-kV distribution system and concludes that no credible
single fault on a unit board, even if the incoming breaker failed to clear the
fault, will cause cascadino failure cf the 161- or S00-kV switchyards. Neither
will any credible fault on a unit board, even if cascaded to the alternate
feed, prevent energizing all shutdown boards from at least one of the station's
common service transformers. The staff further concludes that a fault will

not hbe transferred to the alternat’ ‘e source and cannot cause loss of the
alternate supply even 4f the initial fault breaker fails to open, This ig
hecause a fault trip sigral from an incoming circuit breaker on either the

unit or shutdown boards locks-out not only the affected breaker but also the
incoming breaker for the alternate supply.
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Ur the basis of its review of the certified perfurmance data and test data
submitted by TVA, the staff concludes thet even though the circuit breakers
were specified and are rated at 500 MVA, the certified performance data would
support an interrupting rating of 526 MVA. This results from the breakers
being certified to interrupt 44 kiloamperes at 6.9 kV under ANSI 37.04 duty
cycle rather than at the normal 6.6 kV. The test data would support a rating
of 531 MVA using the ANS! 37.04 duty cycle. Further, the test data provides ¢
reasonable basis for believing the circuit breaker would interrupt a fault up
to 550 MVA although ANSI 37.10-1979, Section 4.10.3, warns against exceeding
the service capab?)ity of the circuit breaker "even 1f only one interrupting
operation may be imposed."

On the basis of the above evaluation of the Sequoyah 6.9-kV electrical system,
the TYA submittal, and the Science Applicaticns Internaticnal Technical
Evaluation Report, the staff provides the following conclusions.

The methods and assumptions used by TVA for calculating three-phase
short-circuit currents are reasonable and consistent with industry standards
and practice. TVA used good ergineering basis in modeling the poustulated
fault locations for evaluation of the 6.9-kV electrical switchgear and circuit
breakers,

The staff concludes that the vital 6.9-kV system (the shutdown boards and
associated circuit breakers) fault calculations are appropriately censervative
and the vital system is in substantial conformance with the appliceble
regulations, FSAR commitments, and 1ndustr{ standards., The staff bases this
conclusion on two major factors. First, the shutdown board ioad breakers, in
the rare circumstance when the diesel is operating in paralle) with the system,
may have to interrupt & fault larger than the breckers' warranted capacity
(500 MvA); however, they will be functioning within their service capability
(631 MVA) as defined by appropriate industry standards and demonstrated by
appropriate testing, Further, even if one of the load breakers were to fail,
the shutdown board incoming breaker would operate within its warranted rating
as a backup, thereby preventing fire and severe physical damage to the shutdown
board as & whole, or to equipment in its vicinity, Second, the vital €,9-kV
breakers could only be reguired to operate beyond their warranted rating when,
for a few hours a month, the diese! cenerator is operating in parallel with
the unit generator and system, In normal operation, when the diesel is not
parzlleled with the preferred source, no vita'! breaker will be required to
operate above its warranted design rating. The staff further concludes, from
its review of backup breaker operation and lockout capabilities, that the
requirement for independence between redundant trains and between alternate
offsite supplies is maintained, The staff notes that the NRC calculated fault
value for the loau breakers to 530 MVA is at the tested cervice capability of
531 MVA and siightly above the guaranteed values o” 526 MVA. The staff notes
this lack of margin but believes that the corrective actions discussed below
for the .on-safety grade breakers will lower the fault level on tre vital
buses and introduce additional margins,

The staft concludes that the fault calculation for the non-safety grade unit
and astociated circuit breakers is appropriately and conservvatively dune and
accurately reflects the condition of the non-vital 6.9-kV system, The staff
concludes that the 6.9-kV system does not meet the Sequoyah FSARK commitment
(Section 6.2.1.8, pg. 8,2.2) that "a fault on a non-safety load supplied from
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a 6900-volt unit board will be ifolated so that the continuity of power to
that unit board and to the shutdown board fed from that unit board will not be
jecpardized by that fault." The calculations show that a fault on a nor=vital
unit board load may substantially exceed the rated or tested cepacity of the
load breaker and will require the unit becard incoming breaker to trin, thereby
violeting the above commitment., In this situation, the unit board feeder
breaker operating as a backup breaker wili be required tu clear a feult
greater than either the design rating or tested service capability, thereby
violating the intent of ANS 37,10-79, Sections 4.1.0.1 and 4.1.0.3, ancther
FSAR commitment.

ks mentioned above, @ reasonable basis does exist for believing that the
incoming breaker will clear the fault successfully. G[ven if it did not, the
staff concludes that the switchyard circuit breakers for the unit main
transformer wouid clear the fault by differential protection, therzby
protecting the 161-kV alternate offsite source. When the unit board incoming
breaker is actuated on backup overcurrent, it locks out th¢ unit board transfer
to the alternate sjurce, thereny protecting the alternate offsite source,
Alse, orce the fault is clesred by the switchyard breakers, the unit board can
transfer to the protected alternate source and, in turn, power the vital
shutdown bcards, The combination of these features provicde a sufficient

basis for the staff to conclude that, unti’ the breaker capacity prodlem is
resolved, a fault ¢ . unit board, coupled with & load breeker Tailure and an
incum ag breaker failure, will not result in an inability to supply the vita)
shutdown Loards frow a reliable source of offsite power. Therefore tre staff
concludes that re single fault will dicable any more than one of the redundant
auxiliary power trains nor will any single fault interrvupt offséte power from
the preferred and alternate sourses to any other bus. This cunclusion is
independent of whether nr not any 5,9kY circuit breaker exposed to the fault
fails to clecr,

In its letter of August )0, 1987, TVA committed to resolve the problem of unit
board breaker capabilitv, This will be done after Unit 2 restart. To ensure
that this issue 15 resolved, the staff requires that a detailed description,
analysis, and iretallation schedule fer implementation of corrective acticns
be submitted for staff review before June 30, 1989, TVA has committed to
provide thit ‘nfogrmation. The amalysis is to include revised fault
calculations for both unit and shutdown hoards., These calculations shall
demenstrate that after corrective action, all circuit breakers will always
rperate within their service capability as aefined by appropriate standards
and verified by test or manufacturer's guarantee, On this basis, the staff
concludes that the fault calcuiation for the €,.9-kV system provides reasonable
assurance that the 6, 9-kV system will provide sufficient capacity and
cgpab;lity to mee* its safety function as defined in 10 CFR 50, Appendix A,
6oe 17,

The staff notes that Revisicn 1 to calculation APS 008, dated June 1, 1987, and
submitted to the ¢taff for review includes analysis of Unit 1 and the effect of
two unit operation on fault Yevels, Also the revised calculation reflects
verification of technical data on motors and cable lengths based on walkdown
daty. Therefore, there are no unverifiec assumptions remaining ir the

6.9-kV fault sralysis and the analysic as reviewed is applicable and acceptable,
subject to the limitations discussed above, for Unit 1 as well as Unit 2
operation,
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2.3.3.3 General fonclusions o' the Sequouyah Electrical Calculations Program
On the basis of its review of the electrical ca'culations, the staff finds that

" TVA's analysis includes the essential auxiliary power systems required for
safe plant operation,

e The input data is sufficientiy comprehensive and detailed for
consideration of all modes of plant operation. The calculations assumed
worst-case system and plant condi.ions, The methodology used in these
analyses was appropriate for assessing problems in the systems. TVA has
stated that it will correct the probiems identified in the specific areas
before restart,

TVA's proposed resolutions for each deficiency identified in the
electrical calculations are acceptable. TVA has provided a commitment to
implement the proposed resclutions before restart.

The content and format of each system calculation is adequate for
documentation purposes.

A1l documentation of the electrical calculations necessary for restart is
in-place and up-to-date by computer program for easy maripulation (i.e.,
data is retrievable for maintenance and update).

Thus . the ste“f believes there is reasonable assurance that the systems
addressed will provide safe restart and operation of Sequoyah Unit 2,

2.3.4 Branch Technical Peeition PSB-1
2.3,4.1 Introduction

The staff reviewed an October 2, 1960 verification test done at Sequovah in
response to PSB-1 requirements and found inconsistencies between the load
values used in voltage distribution studies and those determined by the test.
In addition, changes had heen made in the conf1$uration of the auxiliary power
system and in the computer progreoms used for voltage arop calculations.
Therefore, by letter dated March 26, 198€, the staff recommended that TVA
perform & new verification test, as prescribed by BTP PSE-1,

During a merting with the staff on April 16, 1966, TVA presented additicnal
infermation and clarification to its test report (submitted to the NRC on
October 3, 1980) to support 1ts position that additional verification testing
of the auxiliary power system was not necessary. Subsequently, TVA agreed to
provide those items listed below.

- R confirmstory analysis to demonstrate that the new computer program is
comparable tc the computer program that was used in the original test
report., TVA will use the same load values with the new computer program
and compare the calculated voltages.
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o Analyses to demonstrate that there is no si?nificant configuration change
between the 1980 and 1066 systems. TVA wiil use the data from the tests
of July 12 and 16, 1980, with the 1980 and 1986 system models and compare
the calculated voltaces.

° More detail on how the two tests (July 12 and 16, 1980) were conducted,
and a description of how the circuit breakers were aligned for each,

On June 2, 1986, TVA submitted fts response to the staff's concerns and a
report entitled “NRC Branch Technical Position PSB-1 Reanalysis." Although
the staff reviewed this information, the staff could not conclude that
sufficient data were provided to demonstrate that the computer program could
predict the transient response of the system, The staff informed TVA of its
conclusion by letter dated August 1, 1986, and transmitted additional
questions on August 7, 1986. TVA responded by letters dated September il
and December 3, 1986,

The staff's evaluation of TVA's information on t(he need for verification
testing is presented beiow.

2.3.4.2 Evaluation

Computer Hardware and Program Changes

The mainframe computer and its VNEW program that were used for the previous
verification tests have been replaced by the personal computer and a new
program callec RADIAL. The staff was concerned whether the new program s
equivelent to the old program ir analytical techniques and assumptions, and at
the April 16, 1986 meeting, the staff asked TVA to provide a confirmatory
anelysis using the July 12, 1980 test configuration to demonstrate that there
is no appreciable difference in the calculated voltages of the two proarams,

The TVA compariscr analysis was submitted on June 2, 1986, and included & SWEC
computer program, TVA ran all three programs using identical loads for each
board. The results are given below,

Computer Program (Predicted Voltage)

Boarc VNEW RADIAL SWEC
6.9-kY Start Bus A 7152 7151 7148
6.9-kY Start Bus B 7011 7008 7005
6.9-kY Unit 1B 7011 7008 7005
6.9-kY Shutdown 1A-A 7004 7002 6908
480-volt Shutdowr 1Al-A 495 495 495
480-volt Reactor Vent lA-A 483 483 Not conducted

The staff found no apprecisble differences in the voitage values that were
obtained from the three computer programs. These resuits indicate that the
analytical tech.iques and assumptions of both TVA's programs are equivalent for
steady-state. However, the test results did not demonstrate the transient
response and steady-state at the 120/208-volt level. Thus, the new computer
grog:am only has been verified for the steady-state case down to the 480-volt
evel,
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In its August 1, 1986, letter, the staff asked TVA to provide additional
justification for not performinc the PSB-1 test down to the 120/208-volt level.
In its September 11, 1986, response, TVA described the two 120-volt ac control
powe: systems as (1) the 120-volt ac vital instrumentation and control power
system (VCPS) fed from the vital inverters and (2) the Class 1E 120-volt ac
MCCs supplied from the 480/120-volt controi power transformers., For the
120-volt ac YCPS, the vital inverters are designed to maintain the output
volrage reguletion within +2 percent of 120-volt ac, with an input voltage of
480 velts ac, +7.5 percent, In addition, when the 480-volt ac input is lost
(or acceptably decraded) the battery will supply the loads with no interruption
of regulated power,

For the Class 1E 120-vol: ac vital control power for MCC3, TVA referred to its
recent transient voltace caicuiations, which were performed under worst-case
conditions (i.e., the worst expected transiznt voltage at each MCC) to
demonstrate that adequate voltage exists to pick up the lontrol devices

(e.q., motor starter, solenoids, and relays) for expected transient conditions.

The staff found that (1) TVA's new computer program can adequately predict the
response of the Sequoyah power system down to the 480-volt level, (2) the VCPS
through its inverter and battery backup design eliminates the effects from
480-volt ac decraded voltage input or transients, and (3) the worst-case
transient calculations indicate that the 480/120-volt ac MCC control power
transformers can acequately perform their safety functions,

The staff agreed that the 120-volt ac VCPS design features and the voltage
calculations performed by TVA for the worst-case 120-volt ac MCC voltages
ensure that adequate voltage will be available to components supplied by the
120-volt ac cortrol power system, Thus, no additional tests to demonstrate
system response at the 120/208-volt level are necessary.

Change of 100 Valve Motors

The staff also was concerned that the replacement of 100 valve motors with
motors of different electrical characteristics might affect the plant's steady-
state load, necessitating a re-analysis of the new system loadings,

However, TVA indicated that this change will affect only the trancient loadino
and veltage; the steady-state load remains the same. Therefore, the staff
firds that the chance of 100 valve motors represents no overall load increase
for the steady-state condition,

Acdition of Two Start Buses and One Common Station Service Transformer

The ctaff expressed concern that TVA had added two new start buses, which
could result in new 'nads or impedarce. In response, TVA explained that the
buses had not actually been adced, but that two start buses had been split
into four; thus nc new loads or impedances would be added., Althouch a third
common station cervice transformer has been added, the circuit breakers are
normally open, making the tranc<former avaiiabie as a backup for either of the
other station service transformers, 71VA demonstrat~d that this change has
little effect on the overall configuration of the au. iliary power system by
comparing the voltage analyses of the 1980 (two start buses) and 1986 (four
start ouses) configurations, The comparison was performec using the test data
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of July 12 and 16, 1980, and the nex ccwputer prooram, The results were shown
in the Summary Tables I and Il of the TVA re-analysis report transmitted by
TVA on June 2, 1986. They are summarized below:

Configuration (Voltage)

Test I* Test []*¢

Board 19860 1986 1980 1986
6.9-kV  Start Bus A 7154 7156 7045 7041
6.9-kV  Start Bus B 7051 7045 7067 7062
6.9-kV Unit 1B 7051 7045 7067 7062
6.9-k¥  Shutdown 1A-A 7044 7038 7060 70585
480-volt Shutdown lAl-A 501 500 501 501
480-volt Reactor Vent lA-A 493 500 494 501
Start of the ERCW pump

(Term. V) Not conducted 6705 6695
Start o' auxiliary building

exhaust fan 1A Not conducted 495 458

* Based on data of July 12, 1980,
*+ Based on data of July 16, 1980.

On the basis of these results, the staff finds that there is no appreciable
voltege difference (a maximum difference of 1.5 percent) between the 1980 and
1986 configurations which indicates that the new configuration has not
significantly changed the old electrical system configuration,

Re-analysic of the 1980 Verification Test Results

In ite response of June 2, 1986, TVA explained how the circuit breakers were
aligned for the 1980 verification tests.

TVA had compared the calculated board vo]to?es (based on load values

derived from breaker alignment and the supply voltages) with the toard
voltages cbtained from the tests, This procedure deviated from BTP PSE-1
(PART B.4), which -equires loads and voltages for a given test configuration
to be measured, with these measured load values ther used on each board as
input to the computer mode! to calculate the voltages; subsequently, the
analytically derived voltage values and the test results are compared, During
the aeotin? on April 16, 1986, the staff asked TVA to perform new analyses
using the load values obtained auring the tests as input to the new computer
program, to be consistent with PSB-1. These results, as civen in the
submitte] of September 11, 1986, are given in the following:
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Test I* Voltage Test 11** Voltage

-—

Boara Measured Analysis Percent Measured Analysis Percent
6.9-kV  Start bus A 7200 7154 0.6 7000 7045 0.6
6.9-kV  Start Bus B 7000 7051 0.7 7000 7067 1.0
6.9-kV Unit 1B 7100 7061 0.7 7080 7067 0.3
6.9-kV  Shutdown lA-A 7000 7044 0.6 7100 7060 0.6
48C-volt Shutdown 1Al-A 495 501 1.2 510 501 0.2
480-volt Reactor vent 1A-A 484 493 1.9 469 494 1.0
Start of the ERCW pump

(Term. V) Not conducted 6787 6705 1.2
Start of auxiliary building

exhaust fan 1A Not conducted 466 459 1.9

* Based on data of July 12, 1980.
*+ Based on data of July 16, 1980.

TVA used board meters, test meters, and Brush recorders for takino test
measurements, However, because of calibration problems, the Brush recorder did
not yield consistent results and TVA's response of June 2, 1986, did not
include measured values from the Brush recorder. TVA also indicated that there
were current transformer and power transformer inaccuracies. TVA stated that
@l measurements were taken by board meters whose accuracy was limiteo to 5
percent, (Because the staff had not specified the allowed accuracy limit n
Position &4 of FSAR Question 8,33, TVA established a 5 percent tolerance as

the maximgm acceptable difference between the measured voltages and calculated
voltages,

BTP PSB-1 (Part E.4)

TVA had performed the 1980 verification tests at Sequoyah in response to FSAR
Ouestion 8.32. Subsequently, BTP PSE-1 (Part B.4) was issued as part of the
NRC Standard Review Plan in July 1961, Part B.4 of PSB-1 provides detailed
guidance on the performance of verification tests,

Although Question 8,33 does not explicitly include all of the guidance of

Part 6.4 of PSB-1, it does suc by implication, Therefore, the staff evaluation
of the 1980 tests wés based on establishing a correlation between these tests
and the testing and expected test results specified in Part B.4 of PSB-1., In a
meeting on April 16, 1986, TVA concurred that the irtent of Position & of
Question 8,33 is the same as that of Part B.4 of PSB-1, even though the PSB-1
requirements are more specific.

The specifics of Part B.4 of [SB-1 are giver below:
loading the station distritvution buses, including all Class 1E buses
down to the 120/208-volt level, to at least 30 percent
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u recording the existing grid and Class 1E bue voltages and bus loadirg
down to the 120/208-volt level at steady conditions and during the
starting of both & large Class 1E motor and & non-Class 1F motor
(not concurrently) (Note: to minimize the number of instrumented
locations (recorders) during the motor starting transient tests, the
bus voltages axd loading need only be recorded on that string of buses
that previously showed the lowest analyzed voltages.)

using the analytical techniques and assumptions of the previcus voltage
analyses and the measured existing grid voltaoe end bus loading
conditions recorded during conduct of the tzst, calculating a new set
of volteges for all the Class 1E buses “own to the 120/208-volt level

" corparing the analytically derived voltage values against the test results

With jcod correlation (within 3 percent) between the analytical resuits and the
test results, the validity of the mathematical mode! used in the voltage
analysis is established. Mowever, the above procedure involves testing both
the steady-state and transient response characteristics, The transiert testing
recuires starting both a large Class 1E and non-Class 1E motor.

The intent of such 2 transient test requirement is to detect potential spurious
T0ed sheddine or separation of a Class 1 system from offsite power when a
large motor is started, The ability of the computer mode! to predict the
effects of the motor transient in the system is verified by comparing the date
megsured during the transient test with the computer-predicted transient
values. When boih the steady-ttate and transient '~ slyses are complete, the
validity of the mathematical mode! is verified.

On the basis of 1ts review of TVA's submittal of June 2, 198€, the staff has
concluded that there 1s reasonable assurance that TVA's new computer program
can adequately predict the steady-state recponse characterictics of the
Sequoyah auxiliary power system, The staff's findinos regaruing the transient
aspects of the PSB-1 test are given below,

. The test report showed instrument recording problems indicating that
starting motor dip values were not reliahly established, (There were no
transient data for the motor and the Class 1E buses,)

The selected motor sizes (700 ard 150 horsepower) were rot large enough to
show any sigrnificint transient effect (the dip was only for ore cyc1e?

BTP PSB.1 (Part B.4) requires starting both & large Class 1E and a large
non-Class 1f motor (not concurrently),

No transient voltage analysis had been performed by comparing the results
of calculations performed by the new computer progrem with the data
ohtzined during the starting of large motors.

In addition to its evaluation of August 1, 1986, the staff also transmitted to
TVA on Auquset 7, 1986, a request for additional information on the transient
aspects of the PSB-1 test, TVA responded in letters dated September 11 and
Dece~wer 3, 1986, In the absence of an explenation regerding the transient
meacurements taken during the starting of lar?e motors and how these values

¢

were used to cdetermine that the computer model could accurately predict
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transient effects, TVA provided the Brush recorder traces (vol*age and current)
taker at the motor terminals for the 460-volt Auxiliary Building General

Supply (ABGS) fan and the largest 6.6-kV ERCW pump on the 6.9-kV shutdown
board, The measured voltace values for the equipment were compered with the
old (VNEW) and new (RADIAL/1080 and 1986 configuration) voltage values
calculated from the computer programs. The results are given below:

Calculated Voltage
Measured UNLW RADIAL , PADIAL, Difference (%)

Equipment (hp) Voltage 1980 1986
ERCW pump 700 6787 €763 6703 6695 1.4
ABGS fan 150 466 449 459 458 3.8

TYA found a maximum deviation of 3.8 percent between the measured voltage and
the voltace calculated using VNEW and loadings derived from the closed circuit
breaker confiquration and individual load ratings. The deviation is more than
the 3 percent guideline in PBS-1; however, the measured voltages are within

? percent of the new computer program voitages derived using measured bus load
values. Therefore, the staff concludes that TVA's new computer model can
gccurately predict the transient resporse of the system.

With respect to the reocuest that it "provide the brush recorder traces of lead
currents obtained during the motor startina transient tests which weve used in
the transient calculations performed after the test to predict cystem bus
voltages," TVA provided the measured starting and running currents for Phases A
and € of the 6.6-kV ERCW pump and 460-volt ABGS fan. Although the Brush
recorder traces included both the voltage an' current measurements, the main
focus of PBS-1 deals only with the veltages available in the Class 1E buses.
Therefore, the measured current values were not used to calculate bus voitages,
but were provided to show the actual length of the motor startiing transients as
opposed to the voltace traces, which charged very little because of the
stiffness of the power source, However, the measured Phase A starting currents
were used to calculate the first-cycle voltage dips, which were compared with
the measured voltace values. The results were found t- be the same. In 1ts
review of these recordings, the staff found a difference in the Fhase A and
Phase © running current values, which could be indicative of a phase unbzlance
condition or a motor abnormality., In addition, 1f these unbalanced current
velues were used, they could affect the system bus voltage calculations,

Ey letter dated December 3, 1986, TVA explainec that the differences in the
current readircs for Phases A and C are not indicative of a phase current
unbalance, but result from instrument calibration problems. The fact that no
real unbalance existed betweer Fhases A and [ was substantfatea by 2
comparison of the board instrumentation meters measuring the same currents,
(The board meter readings indicated no substantial differenze in currents for
Phases A and ()

The staff has reviewed the ‘ecordings of the voltage traces and finds them
consistent with TVA's discussion of the motor transifernts. Thus, the staff
finds thai no actua) unbalance of moter phase currents existed and that the
voltage traces are adequate for the PBRS-) analysis,
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To acddress the one-cycle voltage dip experienced during the motcr-startino
transfent test, TVA provided the Brush recorder traces o the terminal voltage
and current ‘or the 6.6-kV ERCW and 460-volt ABGS far, which were obtained
during the motor transient tests. The current traces clearly indicated that
the acceleration times were about 1 second for the ERCW pump and ebout 7 seconds
for the ABGS fan., From the voltace traces, TVA determined that the 6.0-kV ERCW
pump motor start did depress the terminal voltage for approximately the
scceleration time (1.e., 60 cycles). However, the measured voltage dip for

the 460-volt ARGS fan was for only approximately 6 cycles., For both cases,

the worst part of the voltage dip occurred curing the first cycle. TVA

further found that this corresponds to the instant that the motor rotor is
locked and the motor starts to accelerate. TVA also stated that there was no
measurable voltage sag at efther the 6,9-kV or the 48C-volt switchgear buses
during motor start,

On the basis of its review nf TVA's Bryusn recorder traces, the staff finds the
TVP sssessment of the motor-startin voltage transient acceptible,

The staff also expressed concern about whether conservatism was used in
calculeting the effects of starting large motort, In response, TVA stated:
"Our analyses are not a true transient calculation which would show the
exponential voltage recovery due to the change in motor impedance while
accelerating, Our calculations assume that the voltage dip fs at its Towest
point for the entire acceleration time o the motor,” Further, TVA stated:
“Our transient analyses mode) the 6.5 v:lovolt shut”~wn board voltage
depressed at the 1 cycle voltage for the entire ac .ieration time of the
6.6-kilovolt required startino loads."”

The staff finds that the TVA transient analysis model reprecents a more
conservative condition with respect to the motor-startine voltace anc its
duration for the voltace recovery time, Therefore, the staff concludes that
the TVA method for calculating the effects of starting large motors results
in a more conservative transient voltage calculation than the exporential
voltage recovery that actually occurs during motor acceleration,

The staff asked TVA to provide the worst-case voltage calculation on Class 1E
boards during the starting of a reactor coolant pump following an accident,
TVA determined the worst case for the 6,9-kV Class 1E shutdown boards was
approximataly 2 minutes after 2 cafety injection and Phase B containment
isolation with the 161-kV grid at 159 kV. TVA statec that althouch the
voltage at the 6,9-kv Ciass 1f beards dipped to 6761 volts when the
600C-horsepower reactor coolant pump was started, it recovered to 6902 volts
after approximately 14 seconds, TVA stated that thic voltage transient would
not actuéte the 6,9-kV Class 1E shutdown bozrds degraded voltage relays, and
that adequate voltioce would be available for Cless 1E loads.

The staff has reviewed this assessment and concludes that the Sejuoyah
aux111¢r{ power system is capable of successfully starting a reactor coolant
pump following ar accident urder minimum grid voltane without adversely
affecting Class 1F loads.
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2.3,.4,3 Conclusions

The staff finde that:

]

The tew configuration has not affected the overall voltage profile of the
6.9-kV boards.

The change of 100 valve motors represents ro overall load increase,

The replacement of the VYNEW computer orogram with the RADIAL program
is acceptable,

Althouoh Position 4 of FSAR Question 8,33 (which applies to Sequoyah)
contaired no specific accuracy requirement and the measurement accuracy
of Seouoysh was 5 percent, tie consistency of the results between the
analyses and test values (w1th1n ? percent shows that the model
consistently predicts steady-state system performance.

Although no test and analyses were performed down tc 120/208-volt level
(where the ability of the Class 1F control circuit to pick up the control
devices such as the starter, relay, and solenoid is determined), TVA has
demonstrated that adecuate voltage is availahle to components supplied by
the 120-volt ac control processing. Therefcre, no additional tests are
necessary.

In recard to the transient aspect of the test, the staff finds that:

The TVA justification regarding the 120-volt ac control power system
desi?n features and calculations is acceptable, and no additional
PSP-l-related steady-state and transient tests for the 170/208-volt
level are necessary,

Review of the Prush recorder voltage and current measuremente taken at
the termira’s of the ERCW and ABGS motors and the supporting information
provided by TVA showed thet (a) the differences between the calculated
transient voltages from the new computer program and the neasured
transient voltages are within the PSB-1 guideline; (b) the one-cvcle
voltage dip is an accurate measure of the actua) minimum transient
voltage; and (c) the difference in recorded currents (between Phases A
and €) is the result of a recorder calibration problem and is not
indicative of a current-unbalance problem,

In comparison with the exponential voltage recovery model normally used
in calculating the effects of starting large motors, TVA's transient
aralysis model, which assumes the voltage dip at its lowest point for
the entire accelerating time of the motor, is conservative,

The replacement of th. VNEW computer program wi'h the RADIAL program
is acceptable.

TVA's worst-case calculation for voltages on Class 1F buses shows that
the auxiliary power system is capable of successfully starting a reactor
coo'ant pump following an accident,
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On the basis of its review of the steady-state aspect and transient
calculations provided by TYA, the staff concludes that TVA's new computer
program can adequately predict the transient and the steady-state responses
of the Sequoyah auxiliary power system, Thus, a new verification test for
the auxiliary powered system voltage study is not required,

TVA originally asserted that the voltace dips associated with a degraded grid
condition bounded the dip associated with operation of the vital buses
supplied from the EDG. based on its review of TVA's calculetior and test data
associateu with DG operation, the staff concluded that steady-state operation
of the [Gs was in fact bounded by the above results, However, the staff
concluded that, during the automatically sequenced loading of the EDGs, voitage
transients could occur which are more severe than anticipated in the i"SB-1
transient analysis, Therefore the staff required TVA to do separate
calculations to analyze operability of safety related electrical equipment
during DG loading, These calculations are evaluated in 2,3.3.2, above, and
the staff concluded that marcins were adequate,

2.4 Alternately Aralyzed Piping and Supnorts

2.4.1 Introduction

SNPP Section 111.5 describes a TVA program to verify the adequacy of p1p1n9 and
pipe supports that had been installed ancd qualified by alternate analysis (AA)
criteria, TVA's AA criteria use qeneral criteria and guidelines to locate
supports in lieu of rigorcus piping analysis. The AA criterie were generally
used for nuclear safety class piping systems that are 4 inches in diameter and
smaller, with come exceptions as discussed in the SNPP, Nuclear safet, class
piping is defined in Section .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 1(L) systems, which are designed for seismic loads to prevent
unacceptable interactions with safety class structures and components, The
¢-inch and smaller AA piping was generally qualified and supported by the tield
ercanization using a series of typical support drawings. The larcer AA piping
sizes hac uniquely encineered pipe support designs,

TVA initiated the AA program to address several deficiencies fdentitied with
the AA piping design. and the AA design documentation. As a result of these
deficiencies, TVA issued nonconformance reports and significant condition
reports related to the implementation of the AA criteria, In addition, the TVA
timployee Concerns Program had raised a concern with TVA's resoiution of all AA
discrepancies in the nor.conformance reports. The Employee Concerns on AA
piping will be addressed in a teparate stefr evaluation,

TV2 contracted with Earthquake tngineerino Inc, (EQE) to evaluate Category I(L)
AA piping systems, EQE conducted walkdowns of Category I(L) pipino systems
and reviewed & sample of the interfaces between Catecory I(L) piping and
deadweight supported piping. EQE compared the Sequovah piping confiqurations
with the EQE earthquake data base; pipinc ang supperts not covered by their
data base were evaljuated,

TYA is conducting @ two-phase program to resoive the concerns on the Category |
(safety class) ~A piping systems, tach phase ¢f the program is discussed
in the following.

TVA SER Vel, 2, Part ] 2-54 Revised Preliminary Report



2.4,2 Evaluation

Phase | “cope

TVA provided a description of the Phase | program activities in Section
111.5.2.1 of the SNPP, The restart program implementation was controlled by
nine program procedures, SON-AA-0C1 through SON-AA-009, The staff sudited the
Phase 1 program during the week of October 6, 1986, The audit team consisted
of staff members and consultants from Brookhaven Nationa)l Laboratory, The
avdit focused on the restart program scope, interim acceptance criteria, and

£ ogram implementation,

The scope of the Phase 1 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 | of the Design Baseline Verifica-
tion Program, The Phase ! 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 ircluded the areas of concern listed below:
" consideration of the effects of anchor movements at the interface of
large, rigorously analyzed pipina systems - The effects of large,
~igorously analyzed piping system deflections at the attachmert point to
AL pipire systems had not been adequately evaluated in 211 areas. These
deflectiors could result in excescive stress in the AA piping and
excessive 'cads orn (he supports,

consideration of the toreional effects of large, motor-operated and prneu-
mat1ca1!{ opersted valves in small diameter pipinc - The torsional loads
that would result during a seismic responce of the velve operatore, had not
been adeovately evaluated in al) cases. These torsional ioads could result
in excessive stresses in the pipino and excessive loads or the supports,

In addition, larce Jisplacerents of the “alves could result in damage to
the valves and their attachments, or damage to adjacent equipment,

consideration of the effects of non-seismically designed (deadweight
supported) piping on seismically desianed AA piping systems at the
interface boundary - The effects of the deadweight supported piping on the
seismic supported AA piping systems had not been adequately evaluated in
all cases., Llarce seismic deflections in the deadweiaht suppurted piping
could result in excessive nipe stresses or lgads in the seismically
enaly>ed AA piping systems. The restart program evaluated pipe sizes
greater than a 2-inch nominal diameter, This issue 15 a2 orexter concern
for larger diameter pipina systems because of the larger pipina loads that
could be generated.

consideration of thermal flex‘tility analyses for piping systems with

operating temperatures great2r than 200°F « Thermal expansion flexibility

analyses may not have heen adequately periovmed in all cases., Excessive

thermal expansion stresses in the pipinc system could result in tatique or

strain ratchet type fatlures in piping after repeated heatup and cooldown \
cycles, This issue 15 a qreater concern for high temperature piping
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systems where therral expansion deflections that must be accommodated by
piping flexibility are qreater.

The staff evaluation of restart program implementation was based on an audit of
the Unit 2 program. During the audit, the staff and 1ts consultants reviewed
the program procedures and sample calculations, and conducted a fielu
inspection of sample piping/support system runs, Piping documentation packages
were reviewed to identify Phase | areas of concern, Identified areas were then
screened against simple criteria. For example, 1f anchor movements did not
exceed 1/16 inch at branch connections, no further analysis was required, If
the screening criteria were not met, the analyst performed simplified hand
calculations or computer analysis to qualify the piping. Pipe support loads
were then compared against design loaas. If support loads exceeded design
loads, a detailed pipe support evaluation would be performed. Piping/support
syctems that did not gualify were modified. TVA's proposed support criteria
were used to desigr. the modifications,

During the audit, the staff and its consultants reviewed a number of piping and
pipe support design packages. The packages covered piping systems in different
buildings with different potentia)! short-term safety concerns, The package
review covered all levels of analysis from ¢imple screening to detailed
computer analysis, In addition, a fielc 1nspection was conducted for two
cample piping systems in the reactor building and twr sample systems in the
auxiliary building.

On the basis of this audit, the staff concluded that TVA had adequately defined
and was adequately implementing a program to ensure that short-term safety
concerns would be identified, evaluated, and resolved before plant restart.
However, two items were not fully resolved during the audit:

’» TVA was ungble to provide the basis for the deflection criteriz that
ensure *hat pipe supports are rigid., 1In & letter dated January 8, 1987,
TVA steted it wil) perform an evaluation cduring the long-term program to
justify the adequacy of the criteria. This was acceptable to the staff,

» The staff field inspection identifiec lcose washers in unistrut clamp
supports, TVA provided information on a current holt-tichtening program
that will correct the problem, This issue was addressed in a separate
staff evaluation dated March 11, 1988(b) on unistrut support design.

Foiiouing a July 18, 1986 meeting with the NRC, TVA, in a 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
$0 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 requirements; they are, however, intended to
provide increased confidence that the piping/support systems, required for
Chapter 1% accident mitigation and safe shutdown are adequate for short-term
operaticr, TVA provided additiona) information and subsequently eliminated
seme of the originally proposed interim criterfa in submittals dated
September 4 and November 10, 198€, and August 17, 1987, TVA slated that
piping end su?ports that meet the interim criteria, but not the long-term
criterie, will not be modified before restart byt will be re-evaluated and,
if needed, modified during the lono-term program.
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TVA originally defined the proposed interim criteria in terms of exceptions to
FSAR commitments. hesc exceptions and the staff's evaluations of them are
Tisted below:

" Pipinog Criteria Exception: SQCOﬂdlr{ stresses resulting from sefsmic
anchor movements (SAM) and thermal plus thermal ancher movements (TAM)
will be evaluated for piping systems greater than 200°F, For plpinx”
systems 200°F or less, secondary stresses resulting from SAM plus 7
will be evaluated.

Evaluation: Consistent with the Phase | scope, thermal expansion
stresses were generated for piping systems with maximum temperatures
exceeding 20C°F, For piping systems 200°F or less, thermal expansion
stressec were not calculated., The small thermal deflections for ?1pinq
systems 200°F or less are a concern when a large numher of therma
stress cycles are anticipated. The staff concludes that the exception
does not represent a significant risk to plant safety based on the
1imited number of thermal cycles anticipated for interim operation;
therefore, this is acceptable,

Pipe Support Criteria Exceptions:

Exceptior 1: Only safe-shutdown earthquaie (SSE) seismic loads will be
evaluated; operating-basis earthquake (UBE) loads will not,

Evaluation: The staff concludes that this exception is acceptable for
interim operation because OBE loads are, by definition, smaller than SSE
loads. Therefore, 2 demonstration that the plant can be safely shut down
for an SSE ensures that it can be safely shut down for an OBE,

Exception Z: The effects of friction loads resulting from thermal growth
need not be considered in the re-evaluatior of existing supports.

Evaluation: The staff concludes that this exception 1s acceptable for
fnterim operation because friction loads are not expected to be significant,
TVA had performed a study for the watts Bar plant pipe supports that
demonstrated that friction loads do not generally govern the design of
sypports., In a letter dated Janyary 28, 1987, TVA committed to perform &
similar study for Sequoysh as part of the long-term program,

Exception 2: The allowable loads for expansion anchor bolts will be
hated on a minimum safety factor of 2.5 for wedoe bo'ts and 2.8 for
self-drilling anchers,

Evaluation: These allowables are consistent with the plant's original
desion basis, In the long-terr program, TVA will ensure that 1E Bulletin
79-02 safety factors (that is, 4 and & for wedge bolts and self-drilling
anchors, respectivelv) 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
Standard Review Plan and from Subsection NF of dection 11! of the ASME Code.
These criteria are not ir accordance with the Sequoyah FSAK; nonetheless, the
use of these criteria or an interim basis 1s acceptable to the staff,
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However, the long-term program shou'd use the criteria that meet the
cormitments in the FSAR,

Phase !! Scope

TVA discussed the scope and activities of the Phase 11 effort in Section 5,2.2
of the SNFP, Phase 1! will evaluate the remeining Catogory 1 AA safety class
piping systems not required for restart for the areas of concern identified in
the Phese [ program. Phase 1i also will address instrument lires and thuir
supports. The acceptance criteria for Phase 11 will be TVA's established
design criteria for pipina and supports, TVA presented the scope anc the
schedule for Prase 11 in a letter cated Apri) B, 19€7(a). In addition to the
deficiercies evalusted in the Phase 1 program, TVA also will address the areas
of concern listed below in the Phase I! program,

. consideration of thermal flcxib111t¥ analyses for pipina systems with
operating temperatures between 120°F and 2CO°F

. consideration of the interface between PA pipiny and deadweight supported
piping for pipe sizvs less than or equal to ¢ inches in nominal diameter

consideration of the effects of lo.g piping runs and large concentrated
weights

The bases for resolving the additioral deficiencies in the Phase !7 scope are
discussed balow,

The deflections resuiting from therma) expansion are relatively smell and would
not produce gross distortion or failure of pipine systems with operating
temperatures .ess than 200°F, Although the thermal deflections for these
systems would nut be large, 1t is possible some of thete systems could

exceed Code allowable stress limits, 1f the Code allowable stresses were
pxceeded, the main concern would be the potential for developing fatique

cracks after a rumber of thermal strecs cycles. The staff agrees with TVA's
conciusion that for "ow temperature systems, the umal® possibility of such
fatigue cracking does not represent a significant rick to plant safety for
short-term operation,

The staff concludes that evaluation of the interface between AA piping and
deadweight-supported pipirg for pipe sizes less than or equal to ¢ inches in
diameter need not be considered in the restar. program, The weight of small
diwmeter pipirg is relatively small; consequentiy, any sefsmic loadings on
this piping would be relatively swall, Sc1sm1ca{1y decioned valves and
equipment and supporte at the interface of seiemic and deaoweight-supported
pipine are normally relatively stronger for small piping than for larger
piping., 1t 45, therefere, unlikely that movement of the deadweight-supported
pip:ng wou'd result ir their propagation of a pipe break intc the seismic
piping,

The staff concludes that evaluation of potential'y iradequate supports “or
long pipirg runs (in the axial direction) and large concentrated weights need
nrt be considered in the restart program, TVA addressed the moet significant
corcentrated weights, and motor-operated and preumatically operated valves in
the restart program, Frictional effects from vertical and lateral supports
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would reduce any thecretically caiculated 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 2
short-term safety concern,

2.4.3 Conclusions

The statf conciudes that TVA has definud an adequate program for resolution of
short-term safety concerns required for plant restart, the basis of 1ts
audit of sample design packages and a *ield inspection of sample Unit 2 piping
systers, the steff found that the program was adecuetely implemented. The
staff cuncludes that completion of the Phase ! program for Units 1 and ? will
provide confidence that sufficient ca”ety norglns existe«in the design of AA
piping/s nport systems required to mitigate FSAR Chapter 15 events anad safely
chut down the plant--to allow the plant to restart,

2.5 Cable Tray Supports

TVA's original desigr criteria for cable tray supports were developed between
1972 and 1974, Although these design criteria included the effects of
earthquakes, they did not consider the effects of design-basis accidents
(UBA). In 1975, TVYA revised the origina desiin 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
trey supports attached to the stee) containment vessel (5CV), however, other
deficien ies found in 1964 and 198F dictated & truorough review of the adequacy
of all the cable tray supports, During that review, TVA discovered that the
existing cable tray supports could not saticfy the basic conmitments made in
the FSAR, At & meeting on July 17 and 18, 1586, TVA proposed a set of interim
acceptance criteria for cable tray supports that were less strincent than
those in the FSAR, As & part of its request, TVA 21so committed to restore
the orfoinal FSAR criteria for the affected cable tray supports in an orderly
manner after restart,

The staff evaluation consisted of (1) enturing that the proposed interim
acceptance criteria were justifiadble from the standpoint of safe cperation of
the plant and (2) confirming that the desion calculations for cable tray
supports were, as a minimum, in conformance with the interim criterfa. The
ctaff and its consultante (Rrooknaven Nationa) Laboratory) visited the plant
twice and met with TVA once July 21 through 24, 1986, and 2 more extensive
audit during September 29 through October 3, 1986, Specific requests for
additioral information were deveioped as a result of these meetings,

TVA responded te the questions resultire from the July 21 throuoh 24, 986
meetince in a letter cated Ayouct 1B, 1986, This report discusses the
justification for the interim acceptance criteria and how the criteria were
to be implemented,

During the audit of September 29 to October 3, 1986, the staff (1) evaluated
the cable tray support walkdowns perforred by TVA b{ physical inspection of
the plant, (2, reviewed the calculations performed by TVA to eveluate the
adequacy of cable tray support sysiems with respect to the interim acceptance
criteria, (3) reviewed additioral data supporting the interim acceptance
criteris, and (4) evaluated a portion of the concrete strength test data.
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¢.5.1 Interim A~ceotance Criteria

2.5.1.1 Evaluation
(1) Damping

TVA proposed to use 7 percent of critical damping for the cable tray for the
safe-shutdown earthquake and design-pasis accident (SSE/DBA) loading, as
compared with the 5 percent allowed in the FSAR. To support these criteria,
TVYA contends that:

: Substantial cable tray test data demonstrate that the damping for cable
tray supports is considerably larger than 7 percent. The cable trays at
Sequeyah have the natural frecuencies and general characteristics of those
tested,

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

. NRC RG 1.61 allows 7 percent deamping for bolted structures. While some
of the cable tray supports are welded, most of the mass is on the trays,
which are bolted to tre supports,

h considerable amount of data indicates that damping in cable tray systems 1s
greater than 5 percent for SSE-type loadings., This occurs because of the
considerable dumping in the cables themselves and in the cable connection to
the tray, Ouring the walkdowns performed in the week of September 29, 1986,
the staff verified that the Sequoyah cable trays and cable tray supports are
generally similar to those tested and found acceptable in other nuciear 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
incresse in dampina, The typice) stress ratios (defined as actua)
stress/norma’ stress alloweble) are civen below for cable tray supports in the
auxiliary buildine,

Stress ratio

Support Member 7% damping §Y damping
Section-F Main member 1.397 1.397
Bracket 0,532 0.554
Joint 0.51€ 0.521
Anchorage 1.49 1.51
16 Mai. member 1,038 1.045
Bracket 0,863 0.875
Joint 1,154 1,277
Anchorage 1.403 1.58
5 Main member 1.04 1.00§
Bracket 0.5%8 0.558
Joint 0.55 0.584
Anchorage 1.13 % b
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These stress ratios are less than the allowable ratio for the SSE loading
condition, 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 loadine is
acceptable to the staff,

(2) DBA/SSE Load Combhination

In the FSAR, TVA coseitted to use the absolute sum 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 lgads are dynamic, and the absolute sur 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 lTow, Thus, the
staff finds the SKSS method a reasonable lgad combination approach for plant
restart and it is 2cceptable.

(3) Elimination of 1/2 SSE Load Case

In the FSAP, TVA zummits to considering the SSE and 1/2 SSE leads, TVA row
proposes to use the SSE loading only for the interim acceptance uriteifa, TVA
aroues that the SSE case is usually more severe and that the safe shutdown of
the plant is ensured 1f the SSE criterion s met,

The 1/2 SSE load is, by definition, less than the SSE load (ignoring the effect
of the dampirg ratio). Generally, when the computed SSE strecccs are compared
with the S°F stress allowables, the computed stresses tend to be more critical
thar they are in corresponding stress comparison for the 1/2 SSE case, However,
several of the proposed interim acceptance criterie relax the allowable stresses
for the SSE loadirg case. This could, in come instances, meke the 1/2 SSE
loading case more critical than that of the SSE fiom the standpoint of design.
However, a demonstration that the plant can be safe’y shut cdown for the SSE
automatically shows that 1t could be safely shut down for the 1/2 SSE.
Additionally, the plant Technical Specificatirns require plant shutdown after

2 seismic event that equals or exceeds the 1/2 SSE acceleratiorn levels, The
proposed elimination of 1/Z SSE case is acceptable to the staff or an interim
basis.

(4) Allowsble Stresses

In the FSAR, TVA makes a commitment that the cable tray support stresses be
less than 0.9 times the yleld strength for SSE/DBA leading., TVA now proposes
to change this recuirement t¢ 1,7 times the Americar Institute of Steel
Construction (AISC, a)lowables for SSE plus DBA loadinc, and 1.6 times the
AISC allowables for the SSE alone. The fustificetions provided by TVA note
that these allowables are stated in the NRC Standard Review Plar and have been
used in the review and approva) of rany plents,
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fonsidering the high ductility of the steel usec in nuclear power plant
structures (steel must meet the Amevrican Society of Test Methods (ASTM)
Standards for A3 A44l, AS27, or A572 steels), the Standard Review Plan
allows up to 1.7 times the AISC allowable stresses under such low probability
loadings as the SSE and DBA, During the audit at Sequoyah, the staff verified
that the actual AISC allowable stresses were veduced 17 the structural member
section was not compact and that the 1.6 or 1.7 factor was applied to these
reduced AISC allowable stresses, Therefore, the criterion of using up to 1.7
times the working stress allowable for cable tray support calculations fs
acceptable,

2.5.1.2 Implementation of Interim Criteria

(1) Cable Tray Supports Attached to Stee! Containment Vesse!

The re-evaluation of supports attached to the stee! containment vessel was
required to resolve Nonconformance Report (NCR) SONCER 8414, The NCR
addressed the fact that the cable tray supports on the steel containment
veese) were not designed for DBEA loadings.

A tota! of 560 cable tray supports are attached to the steel containment
vessel. A1) supports are attached to the outside of the vessel by welding to
the horizontal or vertical vessel stiffeners. Support members are generally
t<inch by 4-inch or Z-inch by Z-inch tubular steel members. Cable trays are
gencrally attached to the suppoerts by clip angles that are welded to the
support member and bolted to the cable tray, Most supports cre simple ?-inch
by f=inch cantilever brackets welded to vertica) s*‘ffeners. The next largest
categery of supports are 2-inch by Z-inch cantilever brackets welded to a
d-inch by 4-inch member spanning between vertical stiffeners., Most supports
werge analyzed hy grouping all similar configuration and selecting the
worst-case envelgpe of the supports within each group. The majority of the
cypports (581) were enve'oped by five typica) dezigns. The remainine rine
unique supports were individually analyzed. A walkdown of the cable tray
systems was perforned to establish actua)l tray loadino. Measurements of the
cross section of cable trays were taken, and actual tray loadings were
calculated from the profile measurement:,

The GTSTRUDL computer code was used to analyze the supports. The cable tray
and 1ts su ports were modeled usirg elastic beam elements, A typical mode)
included two cupports and one cable tray span., The flexibility of the mode!l
support points was modeled usirg sprina constants determined b{ a finite
elemert anmalvsis of the contairment vessel and stifferers, Cadle mass and
tributary mass of the adiacent spans were included as lumper masses. Response
spectrum analysis wae used to analyze the SSE and DBA events. The events were
analyzed separately using 10 percent neak frequency broadened, as required in
the FSAR, and 7 percent damped spectra. Modal response combination was
performed by the SRSS method., The cirectiona) response combination for the
DPA event was implemented by absolute summation of the three directional
resporces, For the SSE, the directiona)l response combination wis verformed by
taking the absolute sum of the highest horizonta)l response and the vertical
response. The DEA response was combired with the SSE response by the SRSS
method. Finally, the response resulting from dead weight was combined
absolutely with the combined response of the SSE and LEA, Resulting stresses
were evaluated against the criterion of 1.7 times the AISC allowables,
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The effects of contairment vessel expansion resulting from DBA thermal and
pressure loading on the cable tray supports were also evaluated using the
thermal loedino capabilities of GTSTRUDL, The containment expansion effects
resulting fry- oressure were converted to an eauivalent temperature aradient
and then added to the actual thermal gradient. The total temperature gradient
effects were . lied to the ceble trays supports to cetermine their stresses,

The . ~est reaction load from the cable tray support aralysis wae applied to
a ‘ontainment ves ) model to determine strecses in the vessel wall and
ctiffener: . Mavimum stresses were evaluated against the applicable ASME Code
a'lowables,

Supports that failed to meet the interim acceptance criteria were analyzed
using the actual tray lozding determined by the field walkdown, [f the
criteria were met with the reduced weight, the loid rating of the tray was
reduced and controls were established to prevent additional weight bevond the
reduced capacity,

TVA has completed the calculations for al) the supports attached to the
contairment., The results indicated a need to modify 3 exiesting supports and
to add 12 new supports., A1) modi‘ied &nd new supports were desfoned to meet
original design criteria requirements. Two of the modifications were required
to prevent overstressing the supports, and one modification was requirec to
prevent overstressing the containment stiffeners, Twelve 2dditiona]l supports
were required in arees where spar length exceeded the allowables,

The staff and consultants reviewed sarple gualification calculations and
performed a walkdown of the affected supports., The staff audit team also
reviewed selected calculations covering the LA response spectra generation,
therma! #nd pressure-induced displacements, stiffness of the stee) containmert
vessel (SCV) stifferers at support attachment points, and effects of support
loade on the STV wall and stiffeners, Pased on the audit results, the staff
concluded that nethods uted in re-evaluating the S°V cable tray supports were
adequate and that the interim acceptance criteria were appropriately
implemented to cuelify the supports for the plant restart.

(2) Cable Tray supports on the Peactor Building Shield Wall

Mary cable trays located in the annulus between the SCV and the shield wall
are supported from the shield wa'l, In these cases, the base plate of the
cable tray support is bolted cdirectly to the shiele well using wedge-type
expansion bolts. These supports consist of efthes cantilevered tube steel
confiourations or tube stee! members mounted parelle! and bolted directly,
with 1ittle clearance to the shield wall, Pecause the total srnulus clearance
fe only 5 feet, the maximum span length of the main member in the centilevered
configurations is Yess than & feet, TVA determined that Lecause the curface
mounted tube supports were mounted acdiacent to the concrete their response
amplifications to seismic inputs would be regligible, Therefore, these
surface-mounted supports ere qualified “or the seismic response of the reactor
shield building at their points of attachment. On t"¢ other hand, all
centilevered supports were qualified either by indi.idual ' 2lysis or by
comparison to cable tray and supjports enveioping contigurations tur which
analysec -ere performed,
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Although there are approximately 400 supports attached to the shield wall,
they are searegated into three generic and a number of special support
configurations representing the cantilevered and the surface-mounted types.
For the three generic configurations, TVA selected a bounding or enveloping
case to evaluate their acceptability based on considerations of support
location, loading and member span. Supports identified as MK 9e, MK 1llc¢, and
MK 16b were the boundinrg cases because each was installed at a high elevation,
carried maximum loads (four trayc), and exhibited maximum member spans. The
special configuration supports were each evaluated, because they exhibited
unique confiaurations., The staff found the TVA selection and categorization
of the supperts acceptable,

TVA performed a walkdown of all shield wali-mounted supports. In the walkdown
for the generic and special supports, the configurations were confirmed; the
dimensions of the base plate including any eccentricities of the tube
attachments and bolt holes and the proximity to other bolted structures were
noted; the span lengths and full profiles were recorded; and the presence of
thermal insulation and multiple attachments were noted. For all other
cupports, & visual check of all these attributes was made and any deviation
was measured. if appropriate, and recorded. The as-built information cobtained
in the walkdown was used in the evaluations. Furthermore, all instances of
tiay overfill, base plate bolt hole oversize or attachment eccentricities and
bolt hole shear cone irterference were evaluated,

The <taff performed a walkdown in the annulus area. Tube attachment eccentri-
cities and aoround wire attachmente were observed for supports Mk 9b and Mk 15,
respectively, but no rea)l deficiencies were noted. The supports and trays
appeared adequately constructed and firmly anchored.

An augit of the calculations for the shield wall-mounted supports was conducted.
The calculations were retained in a single file identified by calculation

no. CSG-86-509, 1In the file were copies of all the anzlyses performed for
these supports trom April 1986 to the present., These ‘~cluded the latest
GTSTRUDL and BASEPLT I! computer analyses for each gencric support and selecied
special supports, the numerical development of bounding luad cases, the
assessment of all anchor bolt shear cone interferences, and the evaluations
performed to bound the conditions of base plate eccentricity noted in the
walkdowns, In general, the calculations were complete and understandable,
However, in those instances where revisiont were made to earlier calculatiors,
the earlier calculations were not labeled "superseded," making the audit
difficult. The audited calculations have demonstrated that each cable tray
suppert attached to the shield wall had sufficient capacity to meet the interim
criteria for the SSE load condition,

(3) A)Y 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 auxiliary
building, documented in TVA calculaticn RIMS B25 860913 825, The selection
process started with a review of the drawinos that contained support details.
After consédering factore incl.dinc the number of cable trays for each sunport,
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span lenjth. 2nd floor elevation, 10 worst-case support configurations were
identified. Each configuration may represent a group of specific supports
with different geometries or it may represent a unique situation. For those
configurations that represent a group of supports, the following three
crriteria were used to select the specific worst cases: (1) supports having
the largest span lengths and largest weights, (?) 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
responce of the spectrum. The TVA central technical group reviewed these
caces and added five more cases.

The same selection process was appliec to cable tray supports in tha cother
buildinas. Thus, altogether, TVA con dered 30 original worst-case supports
and 5 additional ones,

The staff finds that TVA %as used qouod engineering judgment in fts selection of
the worst cases and finds tne approach used wcceptable for restart,

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

‘ the weight in the trays (Profiles were measured for treys that were
more thar 75 percent full and weiohts calculeted.)

any additional attachment to the sunport (Sketches weie made detailing
the attachment.)

the cases where the tray support is not mounted concentrically on the
base plate

whether the support 1s fire protected

any viclation of TVA's Construction Specification G-32 (e.g., close
spacing of adjacent anchorages resultiro in overlapping of shear
cones or anchor plates placed near an edoe of a concrete member)

any other unusuel details

Reports on the results of the walkdown were prepared and signed by the
preparer, checkers, and a quality control staff member. The staff reviewed
the results curing the September 29 to October 3, 1986 audit and found them
accurate with one omission. An interference was noted for support Mark 31:
a 6-inch conduit was close to & bracket of this support, and seismic-induced
motiorn could be expected to cauce the bracket to impact the conduit.

A1l accessible supports ir the reactor building (inside containment] alsc were
inspected. The insp.ction verified the TVA walkdown findings, which included
cases of supports not iretalled concentrically on base plates and cracked con-
crete under base plates., These discrepancies are discussed in Section 2.5.1.C.
No additional deviations were observed.

TVA prepared a GTSTRUDL model of each of the worst case 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 appropriete brackets
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with the tray masses distributed equally to the adjice~t cupports, A response
spectrum analysis was performed using the 7 percent damped spectrum. The model
used for support marked “"Section P-P" was reviewed during the st ff audit and
found acceptable.

TVA's responses to several issues raised during the July 21 through 24, 1986
meeting were evaluated by the staff during the September 29 through

October 3, 1986 audit. These issues and their resolutions are addressed below:
5 A few locations were identified where the spen of the trays was more thaen
8 feet., These conditions occurred where the trays are inclined at a
45-degree angle. The horizontal projection of the span is lass than 8
feet, but the inclined span is greater. TVA has performed |.ad tests
(TVA calculation RIMS B46 860311 003) to evaluate a cable tray in this
confiquration. The tray was found to have a capacity of 140 pounds per
foot, which indicates 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 ancther in the control building. TVA has performed tests at kyle
laboratory tc demonstrate that the cascadina cables can withstand SSE
seismic-induced loadina, The tests have beer evaluated by an independent
TVA corcultant. The TVA consultant has concluded that the cables are not
overstressed because they are not stressed beyond their tension
capacities. TVA has previded the staff witn a copy of its evaluation of
the Wyle Laboratory test results that confirms the fact that the cables
are not overstrecsed. The staff reviewed this report and found it
acceptable.

With resolution of the confirmatory items (Section ¢.5.1.6), the staff concludes
that the program conducted by TVA for qualification of these cable tray brackets
and supports was adequate and acceptable for restart,

2.5.1.2 Anchoring in Concrete

This discussion applies to supports that are anchored in concrete by means of
bace plates, anchor bolts, and embedded plates.

Several concerns relating to safety factore and methods of analysis were
identified at the July 21 through 24, 1986 meeting. These have been addressed
by TVA and were discussed during the September 29 thirough October 3, 1986 audit.
They are discussed below,

TVE proposed thet self-drilling (SSD)- and wedge (WB)-type expansion bolts used
for base plate anchorages be designed for a safety fector of 2.0 under the load
combiration of SSE plus UBA., The TVA staff indicated that this would be an
interim criterion, In the Phase ! design cualification work, the minimum
safety factors for SSD and WE would be upgraded to 2.8 and 2.5, respectively.
In defense of this proposal, the TVA staff incdicated that during the
implementation of IE Bulletin 79-02, the NRC staff had accepted a safety factor
of 2.0 for both types of expantion 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.
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After reviewing TVA's proposal, the staff conciuded that TVA should use, as a
mirimum, the original FSAR design criterion requiring 2.5 for WB and 2.2 for
SSD as safety factors for the interim period and for the long-term effort, TVA
should determine the actual safety facters and eveluate them against the
requirements of IE Bulletin 79-02.

Some of the conservative assumptions used in TVA's standard design practice
tend to support a view that the actual safety factors agairst 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
of the concrete could b~ much higher than 3000 psi. This could increase the
expansion bolt capacities significantly. Another example of the conservatism
15 that in normal installation, TVA procedures require preload of bolts to
twice the design lcad. A minimum 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 reauirement is more
strirgent than the accepted industry practice of allowing some siippage. These
conservative desion and installation practices form the bhasis for the staff's
acceptarce of the safety factors noted above for restart purposes.

TVA, in its submittal of January 14, 1987, committed to the interim criteria
proposed by the staff: therefore, this is acceptable.

2.5.1.4 Base Plate Analysis

As discussed above, TVA performed frame analyses to evaluate the distribution
of forces throughout the cable tray supports. The cable tray mass is
distributed evenly between adjacent supports. Overloaded trays were evaluated
in walkdowns., Trays tnat were less than full were considered to be full with
the exceptior that some of the supports located on the stee! containment vessel
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 nc modes with natural
frequencies less than 33 cycles per second (cpe), a seismic load equivalent to
the tray 2nd support mass times the zero period acceleration (ZPA) was applied
to the support. The second type of analysis performed was static analysis with
a 10ad equal to the tray and support mass multiplied 1.5 times the peak
spectral acceleration, The deviation between the center of cable tray's mass
points and brace connectior icints had not been considered by TVA for all
supports at the time of the staff audit., The supports on the steel containment
were evaluated for the effects of the eccentricity. TVA will consider this in
calculations to he developed. The staff does not expect that this will lead to
significant changes in response forces; however, this will be treated as 2
confirmatory open item., In other respects, the staff considers the current
analyses used by TVA are acceptable,

The loads from the frame analysis are used to evaluate the adequacy of the
support members and base plates. Stendard engineering methods are used to
evaluate stresses in members and are considered acceptable Ly the staff, The
RASEPLATE 1! computer program is uted to evaluate stressec in the base plate
and bolts and bearing stresses in the concrete, EASEPLATE II is a preprocessor
code that generates input data for an ANSYS computer code solution. This also
is accepteble to the staff,

TVA SER Vol, 2, Part ! 2-h7 Revised Preliminary Report



Plate finite elements are used to model the base plate and elastic springs are
used to model the anchor bolts. The concrete is modeled with an elastic spring
ir series with a gap element so that the concrete acts in compression but not
in tension. TVA has performed sensitivity studies to develop criteria for the
finite element 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 icdentified the confirmatory items listed below during the audit of
September 29 through October 3, 1986, to be resolved by TVA before restart,

(1) An unused bolt hole was observed in the main 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 obhtained in a scheduled TVA test program,

(3) The spring constant for self-drilling bolts was used for BASEPLATE 11
analvses. Most of the bolts are wedge bo'ts. The BASEPLATE Il analyses
must be revised to reflect the proper bolt type.

[4) Er error was found in one of the element components for support MK 11d
in the annulus. The evaluaticn of this support should be revised.

'6) An interference between a conduit and support MK 31 in the auxiliary
building was observed during the audit. TVA must evaluate the
cignificance of this condition,

(6) The evaluation of all worst-case supports ir the auxiliary building must
be completed and documented,

(7) The interim acceptance criteria for anchor bolts should be based on
safety factors of 2.5 and 2.8 for the wedge tolts and self-drilling
bolts, respectively, TVA should fully document its implementation of
these criteria.

[8) TVA is to develop and submit for staff acceptance calculations that
demonstrate that the eccentricity of the cable tray mass will not
adversely affect the qualification of supports (e.q., for supports not
installed concentrically on base plates).

(9) TYA is to provide its final evaluation report addressing the design

adequacy of cascading cables tested at the Wyle Laboratories for staff
review.
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(10) TVA will compiete all required cable tray supports modifications, as
determined by the TVA evaluations, against the staft-approved interim
acceptance criteria, before restart.

From reviewing the informatic. jrovided in TVA submittais dated Jaruary 14, and
February 4, 1987, etaff concludes that TVA has taken proper corrective action
for the above ten cornfirmatory items and that this is acceptable for plant
restart. TVA conducted a test for the wedge bolt anchor in the area of the
cracked concrete in accordance with TVA Construction Specifications and found
that no degradation of the base plate anchor was observed. Based = an
engineering judgment, this is considered to be acceptable for resturt. How-
ever, an audit of the above items, including the cracked concrete, wili be
conducted following restart of the plant,

2.5.1.7 Conclusion

On the basis of its review of the material provided by TVA, two audits of TVA
design documents, and a plant walkdown, the staff concludes that the interim
scceptance criteria proposed by TVA for Secuoyah restart 2s mod:fied in
accordance with this report are acceptable.

2.5.2 Diesel Cenerator Building Supports Analysis
2.5.2.) Summary of Issue

An NRf inspection (see IR 50-377, 328/85-29) revealed that cable tray support
systeme for the two diesel generator building at Sequoyah had not been designed
to appropriate cuality standards. The design for cable tray support systems
failed to consider the effects of rigid body motion from the response spectrum
7FA in the determination of seismic loads for the design analysis. In tnis
case, the ZFA of the response spectrum is 0.37q for the cperating basis
ezrthauake (OBE) and is 0,74g for the SSE.

The staff reviewed five cable tray support desion calculatione in the diesel
cenerator building and two cable tray support design calculations in the
additiona) diesel generator building. The staff found that these calculations
had been performed using a modal superposition dynamic computer analysis. The
computer programs consider only the dynamic moda! response in the freauency
range of interest. No consideration was given to the effects of rigid body
motion from the response spectrum ZPA, As a result, the accelerations
nenerated from the dynamic analysis were generally small when compared to the
response spectrum peak accelerations. The use of these small accelerations
alone in the desian of the rigid cupports for the cable tray support system was
not conservetive and was not adequate in terms of satisfying regulatory
reauirements.

TVA mistakenly used the computer-cenerated dynamic analyses so that much
smaller responses (e.a., accelerations and forces) could be used in the decign
of cable tray supports. The dynamic earthquake analyses for the diesel
generator building and the additional diese. generator building show that the
peak accelerations from the responce spectra are significantly larger than
values used by TVA for design.
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se of these larger accelerations ir designing the cable tray supports would
have resulted in much larger structural sizes in the support systems.

2.5.2.2 Evaluation

In 2 letter dated November 25, 1985 and in Section I11.3 of the SNPP, TVA
describes the corrective actions it has taken. These acticns include & re-
evaluation of the cable tray supports in the diesel generator bufld1n2 and the
additional diesel qenerator building to include the effects of the ZPAs. Other
calculations--such as those for conduit supports and duct supports--were
reviewed, ard TVA determined that the dynamic computer analysis was not used.

The dynamic analysis method has not been identified in any other building 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
adecuately desiored to serve their intended function.

TVA has issued a design input memorandum for the cable tray support design
criterion SQN-DC-V-1,3.4, The memorandum provides more stringent malagement
contro! and technical review of dynamic analysis in the design of cable tray
supports. 1t requires that the modal superposition dynamic anzlysis shall be
performed and checked only by certain quali€ied engincer, as designated by
TVA's civi! project engineer, Further, TVA's Civil Enqineering Eranch central
staff has provided direction and training for the re-analysis effort and will
do so for any future designs/evaluations.

2.5,2.3 Conclusion

TVA has evaluated al) cable tray support calculations in the diesel generator
building and the additional diesel generztor building for a failure to take the
effect of ZPA into account, In those instances where the originally calculated
acceleration was less than the 7PA, the ZFA was applied in the re-analysis.
Results of the re-analysis incicate that the existing cable tray supports are
still able to serve their intendec function during a seismic event. Therefore,
on the basis of its inspectfon and its review of the information presented by
TVA, the staff finds that no structura! modifications are required.

2.5.3 Cable Tray Support Base Plate Installations
2,5.3.1 Summary of Issue

Sixteen base plates (eight per unit) for the cable tray supports ir the auxil-
jary building were improperly installed in that every hole in the base plates
was drilled per the engineerinc drawing with a afameter 3/8 inch larger than
especified by TVA procedures.

The staff reviewed cable tray support desion drawings for conformance to design
analysis and TVA's commitments. The staff found that the base plates with
oversize holes had been used ir the installation. Desiagn Drawing 45N1369,
Revision 2, specified 1-3/16-inch-diameter holes in the hase plates for
3/4-inch-diameter wedge bolts. In accordance with TVA procedure, the correct
hole diameter in a base plate is 1/16 inch larger than the nominal bolt
Jiameter, In the abanve case, the correct hole diameter in the base plate
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should have been 13/16 inch. The incorrect dinension on the desigr drawing
resulted from a misinterpretation of the desigier's sketch by the drafter. The
error was not found in the checkina and review proces. because the criginal
design calculations were not compared to the final design drawing, nor was the
error identified in the inspection by TVA's construction QC inspectors.

2.5.3.2 Evaluation

TVA corrected the error by making special washer plates to cover the oversize
holes and provide tne bearing surface for the bolts. TVA checked the auxiliary
building and control building drawings doie by the <ame drafter. TVA also
checked a number of calculations that had checked by 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 reazrding the above
deficiencies. As a result, the modified connections are judged to be ahble to
cerve 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 acceptab'y resolved.

2.6 Concrete Quality

The TVA evaluation of Emplovee Concern !N-85-995-002, related to the adequacy
of the concrete auality at the Watts Bar Nuclear Plant site, prompted the NRC
steff to request Turther eveluations 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 wiiich the TVA
evaluation was based and to review the TVA findings. The potential deficien-
cies investioated include: (1) violation of sampling frequency, (2) low
strength concrete and its effects on the Category 1 structures, and (3) lack of
procedural cortrol for bedding mortar,

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

TVA has determined that more thar 90 percent of the relevant 90-day strengths
are available and that only & percent of the 28-day strengths were deficient,
Therefore, less than one-half percent of the concrete is unaccounted for by
this procedure (% percent deficient results with 10 percent micsing data). Ffor
the concrete mix with the desior strenath specified at 90 days, an eguivalent
strength was calculated for each time period. The ecuivalent strength is that
strength level, calculated from the mean strenath and <tandard deviation, which
may be expected to be exceeded by 90 percent of &1 strength tests. The lowest
equivalent strength so determined was used to analy:e each affected structural
member. A1)l were found satisfactory.

During the audit, the staff and its consultant checked the transfer of data
from original test reports to the computer printout or which the calculations
were based, A few isolated errors were found, but in each case when the error
was corrected, the conclusions based on the calculations were not changed.
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Both the methodoloay and the data base confirmed the validity of the TVA
evaluation approach and conclusions,

A spot check of the structura’ calculations indicated that they were based on
the correct concrete ctrength valuss, as applicable. TVA has redone some
caleulations to evaluate for newly determined concrete equivalent strengths.
There were no written standards with which bedding mortar was required to
comply. However, its use was well documented and regular strength tests were
made and reported. A large part of the mortar was used for Tubricating 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 the Sequoyah site.

The staff reouested TVA to examine all concrete sampling records for demonstré-
ting compliance with sampling frequency requirements during the exit meeting
following the staff audit. TVA provided additional information by letter dated
April 8, 1987(b), to supplement that in Enclosure 1 of its February 6, 1987
letter. The <taff reviewed this information and found it to be acceptable.

On the basis of its review, the staff concludes that all previous concerns
related to asdequacy of the structural criteria for concrete strength and
trequency of sampling and controls and standards for the bedding mortir have
been resclved for restart,

" -

2.7 Miscellanecus Civil Engineering Issues

Rased 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 ircludes the review of components,
pipire, pipe supports, cable tray supports, conduit supports and
heating/vertilatira cduct supports as well as structures. TVA has committed to
resolve any identified problems by analysis, testing or design changes with the
corrective actions being integrated ‘rto the restart schedule. The specific
restart requirements are to be determined by TVA management review. These
topics are addressed by separate TVA programs and are addressed specifically in
Sections 2.3.2, 2.4, and 2.5 of this SER, as well as Part 2 (Employee
foncerns) .

Section 15 of Part 111 of the SNPP addresses miscellaneous civil engineering
issues related to Seauoyah.

Another effort initiated by TVA in the civil engireering discipline involves
the capability of embedded plates ard concrete anchors for cable tray and pipe
supports to meet the TVA commitments made regarding the code allowable
conditions. This area of review also relates to an employee concern in the
construction category (No. 11201). The employee concern report icdentified an
iesue regarding TVA's implementation of IE Bulletin 79-02 criteria for
calculating 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 DBVP
is addressed in Part 2 anc Zectior 7.2 of this SER. As a result of the DBVP,
the issue has been found by VA nyot to be a restart item, However, as part of
the calculations review progra., TVA has re-evaluated approximate’y 5600 pipe
support calculations, which considered the effects of base plate flexibility,
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An additional issre involved TVA's implementation of IE Bulletin 79-14,

This issue was addressed by an employee concern report related to engineering
(EN 21202). The employee concerns report found that TVA's IE Bulletin 79-14
program was adequate for Unit 2. Howaver, TVA initiated a program toc inspect
2500 pipe supports to verify the as-built or as-modified condition with the
documented desion for Unit 1. Discrepancies identified are to he evaluated
against the design criteria and repairs or modifications made as necessary to
bring the suppert into conformance with the as-designed condition. This
effort is being performed under a TVA special maintenance instruction., The
sypports 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
Sectione 2,3.2 and 2.4,

On tt basis of its review of the TVA plans to execute these special prcgrams,
the NBC staff finds that with proper implementation of the plans the special
issues thould pe fully resolved.

2.6 Heat Code Traccability

2.8.1 Introduction

Section 111.15.6 of the Sequoyah Nuclear “erformance Plan (SNPP) describes a
TVA commitment to invesiigate materials control concerns involving FSAR
commitments, desian requirements, and traceability relative to pressure
bourdary 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 desian,
fabrication, installation and traceability of documentation,

The issue of heat code traceebility has also been evéluated through the
employee concern prooram (element report MCA0703), In particular, the key
jssue that developed from this review was the use of TVA Class B small bore
pipe and fittires in TVA Class A applications. The TVA resolution of this
problem is discussed below.

2.8.2 Evaluyation

TVA designated an Employee Concern Task Group (ECTG) on July 1, 1986 to
investigate materials control concerns. The results of this investigaticn
were documented in TVA Element Report No. MC-40703-SQN. This report
identified more than 200 possible discreparcies between Sequoyah Units 1 and ¢
on safety-related piping (99 at Unit 1 and 110 at Unit 2).

The followina corrective actions have been implemented to ccrrect the existing
problems identified by the ECTG Feport and to preclude their recurrence:

(1) PIRSONNEREE3E will ensure the clear definition of the applicable
code edition and addenda of ANS! R21.,7 used in the fabrication,
erection, installation, and use of Nuclear Class Piping components,
in the upper-tier documents,

(Corrective Action Tracking Document (CATD) No. 40703-SQK-01-R2
and CATD No, 40703-SQN-03-R0),
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(z2) CAQR SQPB70€?7 will ensure that all Nuclear Class I, II, and II!
(TVA Class A, B, and (/D) pressure-retaining piping components will
he examined and their suitability for use verified and documented
in accordance with the applicable requiremerts, or replacec.

(CATD No. 40703-SQN-02-R0, CATD No. 40703-SQN-06-RO and CATD
No. 40703-SQN-07-R0,)

(3) CAR-86-064 will ensure that site procedures contain the necessary
detailed instrystion to provide for the receipt, storage, and
installation of Nuclear Class Piping Components in carpliance ith
the applicable code requirements.

(CATD No. 40703-SQN-04-R0.)

(4) CAR-84-064 wil)l enzure that inspectors will receive the reguired
training to ensure that Nuclear Class Piping Component material
identification verificatior is performed and documented, in
accordance with the applicable code requirements, throughout their
receipt, storace, and installation at SON.

(CATD No. 40703-SQN-05-RO,)

(5) SCRSQNMEREE1A R1 and ECN L6784 will ensure that TVA design drawings
contain clear and consistent identification of where (location) and
how (e.g., double automatic valve, specially bored fitting) the
niping classification changes, as stated in the FSAR, are effected.
(CATD No. 40703-SQN-08-RO,

(6) PIRSQNMERS792 will ensure that either the FSAR or the design drawing
contair 2 clear definition of the boundary between the primary coolant
loops and their branch lines.

(CATD No. 40703-SON-09-R0.)

TVA (Division of Nuclear Enaineering) then assembled a new investigative unit,
the Heat Code Traceability Task Croup (HCTTG), to evaluate and resolve the
issues raised by the ECTG. The results of this investigation were documerted
in TVA's report B25870225-036. This report (B25870225-036) reduced the 209
orfginal discrepancies te a total of 7 items of noncompliance,

The investinations led to the issuance of three Corrective Action Reports
(CARs)--S0-CAR-66-052, SQ-CAR-86-055, and SQ-CAR-86-064--which document the
proposed applicable corrective actions to the discrepancies and program
deficiencies.

As a result of disagreements between members of the ECTG and the HCTTG
regarding the proposed TVA corrective actions to resolve the employee concerns,
independent experts were contracted to assess the issues. The report
documenting the findings of consultants Kelly and Landers was issued &s an
attachmert to the element report 40702, submitted to the NRC on May 13, 1987,
This report partiallv stated:

The current, &s-analyzed stress values of TVA Class A small bore
pipino have been reviewed. The nodal points which exceeded 60
percent of either code allowable stress or actual allowable stress
were tabulated. There were approximately 2600 nodal points used
for the small bore piping analysis of TVA Class A pipino, Two and
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one-half percent of the nodal points had stress ratios which were
not capable of meeting the 40-percent reduction on the cede
allowable 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 allowable stress,

The report also partially concluded:

In summary, the material control 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
¢anclusion, the engineering evaluations demonstrate that the
installed small bore pipe and fittings comply with ANSI B31.7¢
Code requirements when the 40 percent allowable stress reduction
factor is used in lieu of NDE., Thus, plant safety is assured.

This reductior in allewable stress refers to parvagraph 1-724 in ANSI
B31,7¢-1971 which states in part:

Unless otherwise required by the Desion Specification, and
provided a1l other applicable recuirements of this division
(1-274) are met, the ron-destructive examination requirements of
thic division do not apply to:

1. Non-pressure-retaining material:

2. Seamless pipe and tube, seamless foraed socket welding
fittires, and seamless wrought butt welding fittings 2-inch
nomiral pipe size and smaller provided that:

a. The pipe, tube and fittings are macz of P number 1 or F
number 8 materiale that meet all requirements of one or
more of the standard materiale specifications listed in
Tables 1-724 and A-1.

b. The design stress intensity values (S ) of Teble A-l
used in the desion analysis are nm1t1$]1ed by a factor
of 0.60,

Note: The major differerce between the small-bore pipe material requirements
of Class A, B and © materials is the application of non-destructive testing to
Class A materials,

The three previously mentioned Corrective Action Reports (S0-CAR-86-052,
86-055, and 86-064) document the result and corrective actions associated with
the varinus discrepancies noted in the three (ECTG, HCTTG, and consultants
Kelly ard Landers) reviews performed at Sequoyah.

TVA also performed additiornal 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 Power
forporation, Structural Integrity Associates, and Aptech tngineering., The
highlights of these reviews are summarized in the following.
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Bechtel Power Corporation Audit

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 proaram applied both during the
construction phase and the operations phase.

This audit concluded that TVA had generally complied with the connected quality
nrograms and applicable implementing procedures for material control for both
construction and operations. The excepticns to this compliance were § Audit
Findings (2 for construction, 3 for operations) and 6 Audit Observations (5 for
construction, 1 for cperations).

With regard to programmatic deficiencies, the Bechtel Fower Corporation audit
did state:

Tre findings of this audit do not reveal a deficiency in programmatic
controls, However, 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
traceability questions requirinc laborious and costly research and
investigation efforts.

Structura) Integrity Associates (SIA) Evaluation

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

(1)

(2)

This

Survey the available cdocumentation 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 control and maintenance of traceability during
plant construction.

Obtain a knowledgeahle, independent interpretation of the traceability
requirements of the various construction codes along with an historical
background of traceability &nd marking requirsments,

By survey of the evailable data bases, c¢.t2rmine whethe * any component
service failure has ever been attributcd to improperly documented material
or resulting from a trace2bility flaw.

report summarized:

...that materials traceability, althouch not a code requirement,
has been important to plant owners, Traceability of materials has
gererally been maintained to a high degree althouch not 100%,

Even though a small fraction of material of ocuestionable or
incomplete 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
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construction of piping systems for the Sequoyah units appear to
have been typical! of the day. The heat code traceability cuestions
raised by the Nuclear Safety Peview Staff report are not unique.
Those questions relative to Sequoyah do not appear to present an
unresolved issue.

Aptech Report

This report encompassed a review of nuclear material manufacturers programs,
policies, and practices, as well as nondestructive examination versus nuclear
classes. This report concluded:

For absolute and unauesticrnable traceapility, the procurement
document, the heat code number, and the manufacturer must be
knowr. Also, if any NDE was performed by somecne other than the
manufacturer, a separate document was generated showing the NDE
method performed and the identity of the material.

The reiec.‘or rate of NDE performed on small bore fittings
manufactured by forging or machining was less than one percent,

Even today, there are no markings put on small ceamless piping
oroducts to indicate the class unless the purchasing document
actually requires this to be done. All manufacturers that were
contacted have marked the NDE performed on the material since
1980. Prior to that time, some did and some did nct. We believe
that NAVCO and the material manufacturers procedures and CA
programs met the NKAVCO requirements of both ANSI B31.7 and ASME
I11.

NRC Staff Review Summary

The NRC 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
to determine the adequacy of TVA's conclusions and corrective actions, At the
conclusion of the inspection effort the NRC staff concluded that TVA cenerally
performed an extensive review of the heat code traceability issue. The
informatior 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 enaoineering calculations for small
bore piping; these are listed below:

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

(2) The acceptance of 2-1/2 percent of nodal points for small-bore piping,
based upon the use of actual material properties and thicknesces, is not
acceptable. TVA needs to review those nodal pointe again and upgrade
them, either by performing the additional nondestructible examination, or
by addino more supports to reduce the loacs, or Ly replacing the piping.
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(3) TVA Design Criteria for Detailed Analysis of Category ! Piping Systems,
SON-DC-V-13.3, Rev. 3 provide; the loading conditions and stress 1imits
for Category I piping systems in Table 3.1-1, Foctnote 3 of this table
states that the allowable stresc levels are given in ANSI B31.1-1967,
TVA's calculations of the allowable stresses for small-bore piping used
ASMF Section 111, Appendix 1 allowables which do not meet the criteria in
SQN-DC-V-13.3,

TVA responded to these itams in letters dateu December 4, 1987 and
March 2, 1983; these responses have been found acceptable by the staff,

2.8.3 Conclusions
The NRC staff believes that TVA has properly characterized the probleme with
heat code traceability as a part of the SNPP and adequately addressed the

employee concerns identified in TVA Employee Concern elewent report MC-40703,
"Meat Code on Related to Materizl Control."
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3 SPECIAL PROGRAMS

The Sequoyah Restart Task Force identified 2 number of technical issues of
particular interest that are to be addressed before restart. These include
major requlatory programs, such as environmental qualification of equipment and
fire protection, 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 to
TVA on August 10, 1984, This letter identified the actions to be taken by TVA
to implement a complete review of the Appendix R program at Sequoyah., On
December 18 and 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 Auqust 10, 1984,

Based on TVA's submittal of December 21, 1984, Sequoyah Units 1 and ¢ were not
in compliance with 10 CFR 50, Appendix R, Sections I11.G, Il11.J, ill.0, and
[T11.L. TVA tailed to meet Section 2.C.(13).a of the Sequoyah Unit 2 operating
license, which reauires TVA to maintain in effect and fullv implement the fire
protectign requirements of 10 CFF 50, Apnendix R, Sectiens :1I1.G, ill.J, III.L,
and I111.,0,

The staff conducted a special Appendix R inspection January '4-18, 1985, to
verify that TVA had completed the ‘tems reauired by the letter of Aucust 10,
1984, This incpection evaluated structures, systems, and components important
to safe shutdown %o determine if the existing and/or proposed plant fire
protection features would provide a level of protection eg.ivalent to the
requiremenis of 10 CFR 50, Appendix R, Sections III1.G and I1I.L. In addition,
after the staff received TVA's cubmittal of December 21, 1984, the scope of
this inspectizn included the NRC staff's determination as to whether the
proposed fire protecticn features were capable of limiting potential fire damage
so that one train »f systems essential to achieving and maintainino not standby
from efther the contral 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 residual
heat removal ‘RHR) pumps, RHR room coolers, and variuus cold shutdown valves.
In addi’ior, to demonstrate that ore train of systems necessary for hot standby
is free from fire damage, TVA developed a “ire shutdown logic (SDL) that
defined the safety functiors and sets of equipment required to achieve safe
shutdown conditions under postulated fire conditions. The SOL is supplemented
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by key diagrams that identity 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 actual 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
‘nspection of January 14-18, 1985, *he staff evaluated TVA's associated circuit
analysis. TVA's Type Il (spurious operation) associated circuit analysis was
performed by determining the components that must be prevented from spuriously
operating. These comporents also are listed in the fire SOL diagram and
associated keys. TVA then evaluated cable separation for these components ir
the same way it evaluated those cables that must rem:in operable for cafe
shutdown.

The analysis also identified several circuits, not required by Appendix R, that
did not have proper fuse/breaker coordination. These circuite were identified
as Type 1 (common power supply) and Type 111 (common enclosure) associated
circuits, and corrective actions were necessary to comply with Sectior II1.G.2
requirements and ensure that adequate electrical protection was provided,

TVA's Appendix P re-evaluation identified 1" 1 plant areas where redundant
cabling/equipment associated with those sy .ems necessary to bring the plaat to
hot and cold shutdown interacted.

In additien, by letters dated October 1, 1981, December 18, 1984, and

January 11, March 4, and August 5, 1985, TVA requested 2¢ :dditional ceviations
fror the requirements of 10 CFR 50, Appendix R, B, letter dated March 19,
1966, TYA withdrew the recuest for a deviation associated with separation of
safe shutdown circuits and components inside the containment, By letters dated
May 29 and October 6, 1986, the staff approved the Z outstanding deviation
requests assoriated with Section 111.0, reactor coolant pump oil collectior
system; the 1/ cutstanding deviation requests associated with Section I11.G.,
fire protection of safe shutdown capabilivy; and the 2 outstandino deviation
requests associfated with Section IIl.L, alternative or dedicated shutdown
capabilities, including the deviation request reqarding T-cold instrumentation
in the auxiliary control room.

In its submittal of Oecember 21, 1984, TVA comritted tn 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 TV had implemented the required fire protection modifications,
Five iteme that were to be inspected were not yet completed, For those five
items, TVA committed to having them completed by June 30, 1987. On Jure 22-26,
1987, the staff conducted another site visit to incpect these items. As a
result of this inspection ,isit only two items rermained open. These open {tems
were the completion of spray systems in the two 480-volt shutdown boardroome in
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the auxiliary building and source range nuclear instrumentation (part of
Regulatory Guide 1.97 work to be completed after restart).

3.1.2 Evaluation
3.1.2.1 Compliance with 10 CFR 50, Appendix R, Section 111.G (SNPP Part 7.2.1)

Section 111.G of Appendix R to 10 CFR 50 requires in part that one train of
systems necessary to achieve and maintain hot shutdown condition be free of
fire damage. For cables or equipment located within the same fire area outside
containment, one of the following means of ensuring that one of the redundant
trains is free of fire damace shall be provided:

(1) separation by a fire barrier having a 3-hour rating

(2) seperation by a horizontal distance of more than 20 feet with no
intervenirg combustibles (In addition, fire detectors and an automatic
suppression syster: shall be installed.)

(3) enclosure of one train in a fire barrier having a 1-hour rating In
addition, ;ire detection and an automatic fire suppression system shall be
instalied.

0f the 121 plant-specific interactions identified, TVA's re-evaluation identi-
fied 39 sionifi~ant cabtle interactions where a fire could jeopardiie the
plant's ability to achieve and maintain safe shutdown conditions and where
additional fire protection and modifications were needed to comply with Appen-
dix R, Section 1I1.G. The staff evaluation of the significant cable inter-
actiore, with regard to maintaining one train of redundant safe shu' ‘own
systems free from fire damage and therefore saticfying the requirements of the
rule, is given below,

Auxiliary Puilding, Elevation €€69'-0'

In corridor 669,0-A1, cables 2PL3011B, 2PL3013B, and 2PL3014B for the Unit 2
centrifugal charging pump (CCP) E-B room cooler and cables 2PP5E26 and (PP5G46B
for Unit 2 CCP B interact with cables 2PL3001A, 2PL3003A, and 2PL2004A Yor the
Unit 2 CCP A-A room cooler and cables ZPPS50A and 2PP55ZA for the Unit ? CCP A,
This cable interaction occurs within the corridor from columns A-5 to A-15 and
between column lines S and T, Thus, a postulate. €ire in this area could cause
a 1oss of hoth redundant trains of the Unit 2 charging pumps. On this basis,
reactor coolant system (RCS) makeup capabiiities and reactor coolant pump (RCP)
seal injection would be jeopardized.

TVA kas rerouted the Unit Z CCP A-A room cooler cables (2PL3001A and 2PL3003A)
ard Unit 2 CGP A cables (2PPSSOA and 2PP552A) out of the interaction area to
ensure adequate separation, TVA has indicated that these cables have been
wrapped on elevations 714 and 690, Cables 2PL3004A and ZPL3014B have been
1isconnected.

In addition, in corridor 669,0-A] cables 1PP562B and IPPEG4B for the Unit 1
CCP-P and cables 1PL3011B and 1PL30136 for the Unit 1 CCP B-B room cooler
interact with cables 1PP550A and 1PP552A for the Unit 1 CCP A and cables
1PL3001A and 1PL3003A for the Unit 1 CCP A-A room cooler. This cable
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fire occurred in this area near column lines A-2 and T, one train of the CCW
system woulid be maintained free from fire dauage,

From columns A-11 to A-13 and between column lines ¢ ard R, Chanrel I RCS
temperature loop cables 2PMS911, 2PM7781, 2PM686I, and 2PM3711 interact with
Channel IT RCS temperature loop cables 2PMS9511, 2PA78411, 2PME9LII, and
2PM87611. A postulated exposure fire in this plant area cculd cause a loss of
all temperature indication for all four Unit 2 RCS loops.

TVA has enclosed cables 2PM5911, 2PM7781, 2PM6861, 2PME711, 2PM59511, 2PM78411,
2PM69111, and zPM&7611 on auxiliary building elevation 690'-0' in a l-hour-
fire-rated fire barrier. Thiz condition was faentified by TVA's re-evaluatiund
cable interacticn study no. 49.

A postulated fire condition in this plant area will also cause a loss of
cabling associated with all three channels of pressu:o> indication for all four
Unit 2 steam generators. Therefore, TVA has enclosed conduit 2PM2084I
containing cables 2PM13351, 2PM14741, 2PM159¢I, and 2PM17151 on auxiliary
building elevation 630'-0" in a 1~hour fire barrier. This condition was
identified by TVA's re-evaluatior cabie interaction study ro, 51.

Ac & result of the above modifications and the sprinkier protection in common
area 690.0-Al, the staff finds there is reasonable assurance that, if a fire
gccurred 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
indication for a1l four Unit 2 steam generators would he maintainec free from
fire damage.

From columns A-5 to A-13 and between cclumn lines k and T, the following cables
sssociated with A and F train CCP room coolers, CCW numps, CCP, and essential
raw service water (ERCW) pumps interact:

Cable Identifier Safe Shutdown Component

2PL300!A Unit 2 CCP A-A rcom cooler
2PL3003A
2PL30118B Unit 2 CCP B-B room cooler
¢PL3013B
2PP550A Unit 2 CCP A-A
PP552A
ZFPE62B Unit 2 CCP B-B
7PP5648B
2PL4T725A Unit 2 CLW pump A-A
ZPLAT26A
2PL4731A
2PL4739A Comnon CCW pump C-S
¢PL47398
2PLAT7AZE Unit 2 CCW pumn B-B
2PLA4743B
2PL474EE
1PP70CS ERCW pump L-B
1PP7128 ERCW pump N-E
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ZPP700B ERCW pump M-B
ZPP7128B ERCW pump P-B

A postulated exposure fire in this plant area could jeopardize both redundant
trains of Unit 2 charging pump room coolers, preclude all RCS makeup and RCP
seal injection capabilities, and cause & loss of component cooling water to
safe shutdown systems.

TVA has rerouted cables 2PP550A and 2PP552A for the Unit 2 train A CCP out of
the interaction srea (and wrapped within the interaction are.) to ensure
adequate separation, TVA also has installed auxiliary lube vil pump bypass
start capabilities for cCPs (auxiliary lube oil pump cxhles not tabulatel).
This bypass switch allows the CCPs to bz cterred without the auxiliary lube oil
pumps runnina.

Cables ZPL4739B and ZPL4731A are necessary for local control of th- CCw. TVA
has rerouted these cables and enclosed them in a 1-hour fire barri r where
necessary to ensure adeguate separation. The train B ERCW cables have been
enclosed in a 1-hour fire barrier to achieve adequate separation from the train
A CCW pumps for Units 1 and 2. In cddition, train A CCP room cooler fan cables
for Unit 2 have been rerouted (and wrapped in the interaction area) to provide
adequate separation from the train B CCP cabling located in thig 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 tnis cable
interaction area, TVA also has enclosed pressurizer pressure instrument cable
2PM108EIII <n a l-hour fire barrier along its entire route through auxiliary
butlding common area on elevation 690'-0", These interaction conditions and
corrective a~tions were identified by TVYA's interaction study no. 92.

On the basic of the staff's evaluation and approval (May 29, 1986 of TVA's
outstanding Appendix R deviation requests, the above modifications, and the
sprinkler protection in common area 690.0-Al, the staff finds there is
reasonable assurance that, if a8 fire occurred in this area between columns A-5
te A-13 and between column lines R and T, one trair of CCP room coulers, RCS
makeup, and RCP seal injection capabilities and the CCW system would be
maintained free from fire damage.

Between columns A-4 and A-3 near column line T, cables 1PP785B and ?PP7E5B
associated with Units 1 and ¢ train B ERCW MCCs interact with CCW pumps 1A-A,
C-S, 1B-B, 2B-B, ana 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 1PP785B and 2PP785B in a l-hour fire barrier where
there 1s not 20 feet of separation between trains, This interactien condition
and corrective action were identified by TVA's interaction study no., 102.

As a result of the staff's evaluation and approval (May 29, 1966, of TVA's out-
standing deviation requests, the above modificatiocn, and the sprinkler
protection in common area 690.0-Al, the staff finds there is a reasonable
assurance that, if a fire occurred between columns A-4 and A-2 near column

line T, the train B ERCK system would be maintained free from fire damage,

From Columns A-2 and A-5 and between column lines R and U, the following train
B EKCW cables interact with train A CCP cables:
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Cable Identifier Safe Shutdown Component

1PP7008 ERWC pump L B

1FP7128 ERWC pump N-B

Z2PP7008 ERWC pump M-B

2PP/128 ERWC pump P-B

1PPS50A Unit 1 CCP A-A

1PP552A

1PL6145A Unit 1 CCP A-A auxiliary lube oil pump
IPLE14SA

1PL3001A Unit 1 CCP A-A cooler fan and vaive FCV-67-168
1PL3003A

1PL4725A Unit 1 CCW pump A-A

1PL4726A

1PL47314

Cable Identifier Safe Shutdown Component

Z2FP700R ERCW pump M-8

2PP704B

2PP7068

1PPE79A

1PP7128B ERCK pump P-B

2PP7168B

2PP7188B

PP328A ERCW to diesel generator

PP330A Unit i heat exchanger A-A valve 1-F(V-67-660
PP44EA EXCW to diesel generator

PP450A Unit 2 heat exchanger A-A valve 2-FCV-67-66
1PPE93A ERCW pump Q-A

1PPE91A

1PP681A ERCW pump J-A

ZPPB7 YA ERCW pump K-A

2PPER1A

2PPEY1A ERCW pump R-A

ZPPES3A

1PP475A Diesel generator breaker 1912

ZPP454A Diesel cenerator breaker 1922

2PP4T5A Unit 2 diesel generator train A breaker control
PP302A Unit 1 diesel generator train A start/stop function
PP304A

PP20EA

PP310A

PP312A

1PP460B Diesel generator bresker 1914

1PP480E

2PPSECB Diese] generator breaker 1924

PP6E2B Unit 2 Diesel aenerator train B start/stop function
PPEEGR

PP670B

FP6728

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

In addizion, 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 tc separate A and B ERCW cables and
breakers 1914 and 1912 cables associated with onsite power capabilities from
Units 1 train B diesel cenerator to Unit 1 train B 6.9-kV shutdown board and
Unit 1 train & diesel generator to Unit 1 train A shutdown board, respectively,
The l-hour fire barrier wall was instalied down the A-8 column line on
auxiliary building elevation 714'0" from Q line to a point 20 feet east of
line. This barrier also will separate breakers 1922 and 1924 cables as well as
the diesel generators 1A and 2B start/stop-function cables.

In addition, TVA has indicated that ttey have enclosed cable PP328A in
conjunction with the firewall for ERCw valves 1-FCV-67-€6, 1-FCV-67-67,
2-FCY-67-66, and 2-FCV=67-67 in a l-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 protecticn in common area 714.0-A1, the staff inds
there i¢ reasonable assurance that, if a fire occurred in this area from
columns A-6 to A-10 and between column lines J and S, one train ¢* ERCW and
onsite power distribution capabilities woulc be maintained free from fire
damage.

From columns A-6 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 level coutrel valves, and
wide and narrow range level indications. This could cause a lost of both
redundan: trains of auxiliary feedwater to the steam generators.

TVA has indicated that they have rerouted and enclosed in a l-hour fire barrier
the conduits which contain & narrow range level transmitter power cable
2PV255111, and conduit which contain power cable 1PV255111 to ail four steam
generator narrow rance level transmitters. In addition, TVA has developed a
procedure with regard to regaining manual control of the auxiliary feedwater
system with & ¥ire 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 procedural
corrective actions and the sprinkler protection in common area 714,0-Al, the
staff finds there is a reasonahle assurance that, if a fire cccurred in this
area from columns A-6 to A-14 and between column lines ¢ 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-& and between column lines Q to R, common power cabie

(2PV320J) for Charrel | RCS temperature loops interacts with the Channel 11
power cable (2PV330K). Therefore, a2 postulated fire fn this area could cause
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Unit 2 RCS temperature indication for all four RCS loops to be rendered
inoperatle,

TVA has indicated that they have rerouted and enclosed cables 2PV320J and
2PV230K in a l-hour fire barrier, This modification will ensure that power for
Channeis | and II 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.

Based on the above fire protection modifications and the sprinkler protection
in common area 714.0-Al, the staff finds there is a reasonable assurance that,
if @ fire occurred in this area from columns A-4 to A-8 and between column
lines Q to R, the power cables for the Unit 2 RCS temperature instrumentation
Toops would be maintained free from fire damage.

Near column A-12 between column lines Q and k cables associated with Channels I
and II, RCS pressure indication instrumentation interacts. Thus, a postulated
fire in this area could jeopardize both redundant channzls of RCS pressure
indication inoperable.

TVA nas rerouted Channel I common power cable ZPV320J to shorten its route
through this plant area. In addition, this cable is enclesed in a l-hour fire
barrier in the area where it interacts with cables associated with RCS pressure
instrumentations P-65-66 and P-60-342C. These interaction conditions and
proposed modifications were identified by TVA's interaction study no. 43.

Thus, as a result of the bove fire protecticn modification und the sprinkler
protecticn in column are: 714.0-Al, the staff finds there is reasonable
assurence that, if a fire occurred in this area near column A-12 between column
lines 0 and R RCS, pressure indication would be maintained free from fire
damage,

The area from columns A-11 to A-13 and between 0 and U contains the following
trains A and B cables for safe shutdown systems:

Cabie laentifier Safe Shutdown Lo.ponent

ZPL3001A Unit 2 CCP A-A room cooler
2PL3003A

2PL20118B Unit 2 CCP B-B room cooler
2PL30138

2PP550A I'nit 2 CCP A-A

2PPESZA

ZPP554A

ZPFELEA

2PP562ZR Unit 2 CCP B-B

2PP564b

2PP566B

¢PP568B

ZPLET25A Unit 2 CCW pump A-A
2PLATZ6A

2PL4727A
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2PL4731A
2PLA732A
<PL4738E Common CCW pump C-S
2PL4638B
2PL4742B Unit 2 CCW pump B-8
¢PL4743B
2PL4744B
¢PLA748B
¢PLA749B

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

To provide adequate separation between redundant centrifugal charoing and
component cooling pumps, TVA has rerouted the cables associated with Unit 2
train A CCP and CCW pumps out of the subject area of fire influence. In
addition TVA has indicated that cables for the Unit 2 train A CCP room cocler
and one train of pressurizer level instrumentation were rerouted and have been
enclosed in a l-hour fire barrier within the subject area 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 stuff's evaluation
and approval (May 29, 1986), of outstanding Appendix R deviation requests, and
the sprinkler protection in common area 714,0-Al, the staff finds there is
reasonable essurance that, if a fire occurred in this area from columns A-11 to
A-13 and between Q and U, one train of the CCW and CCP systems would be
maintained free from fire damage,

Auxiliary Buildino, Elevation 734'-0"

In the Unit 1 480-volt shutdown board room 182-B, train A cable trays trans-
verce the southwest corner of the room. The following cables are associated
with these train A cable trays:

Cable ldentiiier Safe Shutdown Component

1PPE7SA ERCW pump J-A
PPEBLA

PPEY1A ERCW pump Q-A
PP693A

PPG79A ERCW pump K-A
PPEELA

PPEY 1A

RCW pump R-A

PPEI3A

P373A Diesel generato: breaker 1912
F374A

P458A

P378A

PP475A

PP47EA
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PP4545A

PP475A Unit 2 diecel generator train A breaker control

P469A Diese) generator breaker 1922

PP478A Diesel generator breaker 1922

PP4SBA

PP454A

Bl1l, 1816l Normal power feed to 480-volt shutdown board 1Al-A and
1A2-A

Bil2Ill, 1B17I1I Alternate power feed to 480-volt shutdown board 1A1-A
and 1AZ-A

75 Unit 1 diesel generator train A emergency stop

PL4SO0A Power feed to vital battery charger |

A postulated fire in this plant area cou'd jeopardize the Unit 1 LRCW supply to
the emergency diesel generators and CCW hea. exchangers. In addition, a postu-
lated fire in this area could render both redundant trains of Unit 1 480-voit
power distribution to safe shutdown cystems inoperable.

TVA has indicated that cables associated with ERCW pumps J-A, Q-A, K-A, R-A,
ERCW valve 1-FCV-67-66 have been protected with open head water spray, and the
normal control power feed to the Unit 1 480-volt shutdown boards 1Al-A and
1A2-A were rerouted out of the subject area of fire influence. An alternate
supply i¢ availeble to vita) battery charger I. In addition, TVA has protected
the train A cable trays transversing the southwest corner of the Unit )
480-volt shutdown board room 1B2-B with an independent thermal-actuated
open-heac water spray system from the wall penetration to the floor
penetration., These cable interaction conditions were identified by TVA's
interaction studies nos. 2¢ and 81.

As a result of the staff's evaluation and approval (May 29, 1986) of TVA's
outstanding Appendix R deviation request, the l-hour barrier installation, and
the water spray system installation, the staff finds there is reasonable assur-
ance that, if a fire occurred in the Unit 1 480-volt shutdown board room 1B2-B,
one train of the ERCW and the 480-volt power distribution system would be
maintained free from fire damage.

In the Unit 2 480-volt shutdown board room 2A2-A, from columns Al2 to Al3
between column lines § and R, B train cable trays transverse this area, The
following cables are asscciated with these train B cable trays:

Cable Identifier Safe Shutdown Component

2PP7048 ERCW pump M-B

2PP7068

2PP716B tRCW pump P-B

2PP7188

1PP704B ERCW pump L-8

1PP7068

1PP716B ERCW pump N-B

1PP718B

2PP5628B Unit 2 CCP B-B
7PPEGAE

TVA SER Vol, 2, Part ] 3-11 Revised Preliminary Report



2PP566B

2PP56EB

2PL3013B Unit 2 CCP B-B pump room cooler

2PP4838B Diesel generator breaker 1524

2PP480B

PP3778

PP4778

2PP46CB Breaker 1924

¢FP277B

28251V Normal and alternate control power feed to Unit 2
train B

2B301V 480-volt shutdown boaras

282611

2B3111

B78E Unit 2 diesel cenerato: B-B remote control

A postulated fire in this plant area could jeopardize Unit 2 ERCW supply to the
emergency diese)l generators and CCW heat exchangers, In addition, a postulated
fire in this area could render both Unit 2 redundant trains of the 480-volt
power distribution to safe shutdown systems inoperable.

TYA has protected the cabie; associated with ERCW pumps M-B P-B, L-B, N-B,
Unit 2 train B CCP and room cooler cables. Cables associated with control
power for the train B 4&(C-volt shutdown board routed in the cable trays trans-
versing the northwest corner of the Unit 2 480-volt shutdown board room 2A2-A
were routed out of the area with an independent thermal-actuaced open-head
water spray system from the wall penetration to the floor penetration, These
cable interactions weve identified by TVA's interaction studies nos., 23, 75 and
79,

On the basis of its evaluation and approval (May 29, 1986) of TVA's outstanding
Appendix R deviation requests and completion of the water spray system instai-
lation in the Unit 2 480-volt shutdown bcard room 2A2-A, the staff finds there
is reasonable assurance that, if a fire occurred in this area, one train of
ERCW and the 480-volt power distribution system would be maintained free from
fire damage.

In the Unit 2 4f0-volt shutdown board room 2A1-A, cables 2B251V, 2B301V,
2B2611, ana 2B3111, associated with the 125-volt dc control power normal and
alternate supply to the Lnit 2 480-volt shutdown boara 2B1-B, interact with the
Unit ¢ 480-volt shutdown board 2Al-A. Therefore, a postulated fire in this
area could render both redundant Unit 2 480-volt shutdown boards inoperable,
causing a loss of ail control power to safe shutdown systems.

TVA has indicated thst conduit ZB29IV containing cables 2B25IV end 2B30IV
(normal control power) has been rercuted out of the interaction area of the
Unit 2 480-volt shutdown board room 2Al-A, This modification was identified by
TVA's interaction study no. 83,
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Based on the above fire protection modification and the sprinkler protection in
the 480-volt shutdown board room 2Al-A, the staff finas there i¢ reasonable
assurance that if a fire occurred in this area one train of the 480-voit
control power distribution capabilities would be maintained free frow fire
damage.

The Unit 2 train A 6.9-kilovolt shutdown board room contain cables 1PP7658,
1PP753B, and 1PP762B, which are the 6.5-kilovolt power feeds from the Unit 1
train B 6.9-kilovolt shutdown board to the 480-volt shutdown transformer.
These cables are associated with the Unit 1 480-v.1t shutdown boards 1B1-B and
1B2-B and interact with Units 1 and 2 train A 6.9-kilcvolt shutdown boards.
Thus, 2 postulated fire condition in this rcom could render all Unit 1 power
distribution capabiiities inoperable.

TVA has enclosed cahles 1PP765B, 1PP753B, and 1PP762B in a 1-nour fire barrier
as they pass through Unit 2 trair A 6.9-kilovoit shutdown board room 2A1-A.
This modification was identified by TVA's interaction study no. 3.

Based on the above fire protection modifica.ion and the sprinkler protection in
the Unit 2 train A 6.9-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 capabiiities would be maintained free trom fire
gamage,

In auxiliary control room 734.0-A1, cables contained in cable trays PO-A, PN-A,
an¢ PM-A interact with cables in tray PA-B. These cables are for both redun-
dant divisions of safe shutdown equipment having normai to auxiliary transfer
switches in the auxiliary instrument rooms. In addition, cable B77A associated
with 2-FCV-67-66 interacts with calle B76B associated with 1-FCV-67-€7 in the
same plant location., A postulated fire in this area could cause a loss of all
normal to auxiliary contrel room Units 1 and 2 safe .hutdown functions and ERCW
supply to emergency diesel Unit 1 train B and Unit 2 train A heat exchangers.

TVA has enclosed cable travs P0-A, PN-A, and PM-A and cabling associated with
2-FCV=67-66 in a l-hour fire barrier as they pass tnrough the auxiliary control
room, This fire protection modification was identified by TVA's interaction
studies nos. 98 and 105,

As & result of the above fire protection modification and the sprinkler protec-
tion in auxiliary control room 734.0-Al, there is reasonable assurance that, if
a fire occurred in this area, one train of the normal to auxiliary cortrel room
safe shutdown transfer function and the ERCW supply to the emergency diesel
generators would be maintained free from fire damage.

In 125-volt vite! battery board room I 734,0-A4, cables 1B26IV, 1B31IV, 162511,
and 183011 (which provide normal and alternative power feed to Unit 1 480-volt
shutdown boarcs 1Bl1-B and 1BZ-B) transverse this room along the east wall. A
postulated fire in this area couid render safe shutdown equipment and the
125-volt dc control power to train A safe shutduwn systems inoperative,

In adgition, routed along the east wall of 125-v0)1t vital battery board room [V
734,0-A2¢ are cables 2B11111, 2816111, 28121, ang 2B171 (which provide normal
and alternative power feed tc the Unit 2 450-volt shutdown boards 2Al-A and
2A2-A). Thus, a postulated fire in this area could rencer Unit 2 train A cafe
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shutdown equipment and the 125-volt dc control power to Unit 2 train B safe
shutdown sytems inoperative, This condition was identified by TVA's Appendix P
re-evaluation study no. 107.

TVA enclosed conduit 1B2911 containing cables 1B2511 and 183011 ard conduit
2B2G11 containinc cables 2611111 and 2B1EI11 in a l-hour fire barrier as they
pass through vital battery board rooms ! ang IV, respectively.

Thus, based on the above fire protection modifications and the sprinkler
protection in the 125-volt vital battery board room | 734.0-A4 and 125-volt
vital battery board room IV 734,0-A22, the staff finds there is reasonable
assurance that, if a fire occurred ir either of these areas, one trair of the
480-volt electrical power distribution capabilities would be maintained free of
fire damage.

In Unit 2 train B 6.9-kilovolt shutdown board room 734,0-Az4, cables 2PP759A,
ZPP750A, and 2PP756A (which are the 6.9-kilowatt power feeds from the Unit 2
train A 6,%-kilovolt shutdown board to the 48C-volt shutdown transformers
associated with Unit 2 480-volt shutdown boards 2A1-A and 2AZ-A) are routed on
the ceiling to the rear of the Unit 2 train B 6.9-kilovolt shutdown board 28-B.
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 in a l-hour fire barrier
@s it passes through the Unit 2 train B 6,9-kilovolt shutdown board room. This
condition was identified by TVA's Appendix R re-evaluation interaction study
no. 2.

As & 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 finds there i1s reasonable assurance that, if @ fire occurred in this
area, one train of Unit 2 power distribution capabilities would be maintained
free from fire damace,

In the Unit 2 train A €.9-kilovolt shutdown board 734.0-AZ from columns A3 and
A4 and between column lines R and U, the follewing safe shutdown cables
interact:

Cable ldentifier Safe Shutdown Component

1PP550A Unit 1 CCP A-2

LPP552A

1PPE53A

1PP554A

LPP556A

1PPS57A

1PP555A

1PL6145A Unit 1 CCP A-A auxiliary lube oil pump
IPLE146A

1PLE1ATA

IPLOL4BA

1PL3002A Unit 1 CCP A-A room cooler and FCV-€/-168
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1PL3003A

1PL4729A Unit 1 CCP pump A-A

1PP5648 Unit 1 CCP B-B

1PL6152B Unit 1 CCP B-B auxiliary lube ofl pump
1PL61558

1PLE156B

1PL3013B Unit 1 CCP B-B room cocler and FVC-67-170
2PL&7338B CCW pump C-S

2PLA734B

2PL47378

1PL4735S

1PL4736S

Thus, a postulated fire in this area could render both redundant trains of
Unit 1 charging pumps inoperable.

TVA has enclosed cables 2PL4733B 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 €.9-kilovelt shutdown board room, TVA also has cisconnected
cable 2PL4737B 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 addition, TVA has rercuted the Unit 1 CCP-B cables out of the Unit 2 train A
6.9-kilovelt shutdown board room until there was 20 feet of separation from the
train A function. TVA has indicated that the cable was also wrapped with a
1-hour barrier in the interaction area. TVA also rerouted cable 1PL3003A
2ssociated with the Unit 1 CCP cooler fan A-A to ocain 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 approval (May 29, 1986) of TVA's
outstanding Appendix R deviaticn requests, the above fire protection modifica-
tions, and the sprinkler protection in Unit 2 train A 6.9-kilovolt shutcown
board rcom 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 shutdowr. board 1B1-B room 734,0-A6, cables 1B11] and
16161 (which are the 125-volt normal control power feeds to Urit 1 480-volt
shutdown boards 1Al-A and l1AZ-A) interact with 480-volt shutdown board 1Bl1-B
and associated cables. Thus, a postulated fire condition in this area could
jeopardize both redundant trains of the 480-volt power capabilities to safe
shutdown equipment.

TVA has rerouted conduit 1B2C1 and junction box 1622 (which contains cables
18191, 18111, and 1B1S1, es they pass through the Unit 1 480-volt shutdown
board room 1B1-B. This condition was identified by TVA's Appendix R
re-evaluyation interaction study no. E0.

As a result of the above fire protection modification ana the sprinkler protec-
tion in the 6.9 .V shutdown board room 734.0-A2, the staff finds there is
reasonable assurence that, if a fire occurred in this area, one train of the
480-volt power distribution capabilities would be maintained free from fire
damaqe,
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Auxiliary Building, Elevation 749'-0"

In the Unit 2 train B 480-volt transformer room 749,0-A10, cables 2PL4975A and
ZPLAG7BA from 480-volt shutdown boards 2Al-A and ZA?-A to diesel generator
auxiliary boards 2A1-A and 2A2-A interact with the 480-volt shutdown and
emergency transformers 1B81-B, 1Bz-B, and 1B-B and associated cables to diesel
generator auxiliary boards 2B1-B and 2B2-B. Therefore, & postulatec fire in
this area could cause a 10ss of all Unit 2 onsite power capabilities 1. safe
shutdown systems,

TVA enclosed cables 2PLA975A ana 2PL4978A in a 1-hour fire barrier as they pass
through the Unit 2 train B 480-volt transformer room. This condition was
identified by TVA's Appendix R re-evaluation interaction study no. ll.

Based on the above fire protection modification and the sprinkler protection in
the 48(-volt transformer room 74G,0-AlJ, the staff finds there is reasonable
assurance that, if a fire occurred in this area, cne train of the Unit 2 onsite
power distribution capabilities will be maintained free from fire damage,

Power cables PP710B, PP711B, PP5SOB, and PP591B to the Units 1 and 2 train B
6.9-kilovolt shutdown boards interact with the Unit 2 train A 4E0-volt reactor
motor-operated valve (MOV) boards and associated cables &t the conauit bank
near column A-11 and column line | 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 B safe shutdown equipment,

TVA has enclosed €.9-kilovolt shutdown boards 1B-B ang 2B-B power supply cables
PP7108, PP711B, PP5S0B, and PP591B in a 1-hour fire barrier as they pass
through the 480-volt reactor MOV board room ¢A. This modification was identi-
fied by TVA's interaction study no, 14,

Thus, a@s & result of the above fire protection modification and the sprinkier
protection in the Unit 2 train A 480-vuit reactor MOV board room 740,.0-A16, the
staff finds there is reasonable assurance thav, if a fire occurred in this
area, Unit 2 train B 6.9-kilovolt power distridution capabilities will be main-
tained free from fire camage.

Cables 1PL49S2B and LPL4SGRER from the Unit 1 480-volt shutdown boards 1B1-B and
182-B to the diesel generator auxiliary boards 1B1-B and 1BZ-B interact with
the 480-volt shutdown and emergency transformers 1Al-A, 1A2-A, and 1A-A 1n the
Unit 1 train A 480-volt shutdown transformer room 749,0-A7, Postulatine a fire
in this plant area could cause a loss of all Unit 1 onsite power capabilities
to safe shutdown systems,

TYA has enclosed cables 1PL4982B and 1PL49B5B in @ l-hour fire barrier as they
pass through the Unit 1 train A 480-volt shutdown transformer room. This
condition was identified by TVA's interaction study ro. 10,

Based on the sprinkier protection in the Unit 1 train A 4EC-volit shutdown
transformer room and the above modification, the staff firds there is reason-
able assurance that, if a fire occurred in this area, one train of the onsite
power capabilities for Unit ! would be maintained free from fire camage.
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Auxiliary building, Elevation 759'=-0"

In Unit 2 control rod-driven equipment room 759.0-A3, cables 2PL4G/5A and
2PL4978A from Unit 2 48C-volt shutdown boards ZAl-A and ZAZ2-A to the diesel
generator auxiliary board interact with cables 2PL4982b and ¢(PL49858 from the
Unit 2 480-volt shutdown boards 2B1-B and 2B2-B to the diesel cenerator boards.
In addition, cibles PP5908, PP591B, PP710B, LPP820B, and 2PPB20B to diesel
generators 18 and 2B are located in this area. Thus, a postulated fire in this
area could cause a loss of heating, ventilation, and air conditioning (KVAC),
g;esel f:el transfer, and ERCW support systems to emergency diesel generators
and 2B.

TVA has enclosed cables 2PL4975A ana 2PL4978A in a l-hour fire barrier as they
pess through the Unit 2 control rod-driven equipment room. This condition was
identified by TVA's interaction study no, 13.

As a result of the above fire protection modification and the sprinkler protec-
tien in control rod drive equipment room 759.0-A3, the staff finds there is
reasonable assurance that, if a fire occurred in this area, the A train of
those systems necessary ta support Unit 2 onsite power capabilities will be
free from fire damage.

Cables 1PL4982B and 1PL4985E to Unit | diesel generator auxiliary boards 1Bl-B
and 182-8 interact with train A 480-volt cables 1PL4975A and 1P14978A to Unit 1
diese] generator auxiliary boards l1Al-A and 1A2-A in Unit 1 control rod drive
equipment room 759.0-A1, A postulated fire in this plant area could cause a
loss of MVAC, dietel fue) transfer, and ERCW support systems to diesel
generators 1A end 1B.

TVA has enclosed cables 1PLAGEZE and 1PL4GBSR in a l-hour fire barrier as they
pass through the Unit 1 control rod drive equipment room, This condition wes
identified by TVA's interaction study no. 1.

Thus, as a result of the above modification and sprinkler protection in the
Unit ) contro)l rod c¢rive equipment room 759,0-Al, the staff finds there is
reascnable assurance that, if a fire occurred in this area, one train of those
systems necessary to support Unit 1 onsite power capabilities would be main-
teined free from fire damege.

Auxiliary Ruilding Between Elevations 669'-0", 690'0", ard 714'-(0"

Near the unprotected north stairway opening associated with the auxiliary
building common area from columns A4 to A5 and between column lires S and T on
elevation 669'-0", cable 156220A for dc control power to the turbine-driven
euxiliary feedwater pump interact through this opening with cables 1PPESCA,
IPP652A, 1PPE62B, and 1PP664B for the 1A-A and 1B-B motor-driven auxiliary
feedwater pumps and 1562218 for alternate dc control power to the
turbine-driven auxiliary feedweter pump on elevation 6S0'-0". In addition,
cables 1PP70UB, 1PP712B, 2PP700B, ana 2PP712B for ERCW pumps .-B, N-B, M-B, and
P-B on elevation 690'-0" interact through this opening with cables PP328A,
PP330A, PPaLRA, and PP450A associated with diesel generator heat exchanger
vaives 1-FV(-67-66 and 2-FCV-67-66 on elevation 714'-0". Thus a postulated
fire on elevation 665'-0" in the area of the unprotected stairway opening could
jecpardize ERCW to Units | and 2 diesel cenerators und impact the operability
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of both Unit 1 redundant motor-driven and turbine-driven auxiliary feedwater
pumps .

In regard to interaction studies nos. 104 and 6, TVA has installed additional
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, 198€) 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 & fire occurred in the area of the stairway, one
train of the Units 1 and 2 ERCW and Unit | AFW systems would be maintained free
ot tire damage.

In the area of the unprotected south stairway opening associated with the
auxiliary buildina common area from columns All and Al: end between column
lines S and T on elevation €69'-0", cables 25G220A for dc control power to the
turbine driven auxiliary feedwater pump interact through this cpening with
cables 2PP662R, 2PP664B, 2PPBSQA, and 2PP652A for the Unit 2 train A and B
motor-driven auxiliary feedwater pumps and 256221 for alternate dc control
power to the turbine-driven auxiliary fsedwater pump on elevation 630'-0". In
addition, on elevation 669'-0", cables ZPPSS0A, 2PPSS52A, 2PP562B, and 2PP564P
for charging pumps 2A-A and ¢B-B interact through this opening with 2PL4731A,
2PL4734B, 2PLA742B, 2PL4743B, and 2PL4748A for Unit 2 train A, train B and
common component cooling system pumps on elevation 690'-0" and cables ZPL4725A,

ZPLAT26A, and ZPLA732A tor component cooling sysiem Unit 2 train A pump ZA-A on
elevation 714'-0", Therefore, & postulated fire on elevation 663'-0" in the
area of the unprotected stairway opening could impact the operability of both
cedundant trains of Unit 2 auxiliary feedwater capabilities, charoing pumps,
and component cooling syst-m pumps.

In regard tou 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 i¢ actuated, this arrangement will form a water
curtain, which should preclude fire propagation from one auxiliary buildng
elevation to ancther, TVA has indicated that cabling associated with the CCS
pump ZA-A has been routed cut of the interaction area.

Thus, as & result of 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 south stairway opening, the staff finds there will be
reascnable assurance that, if a fire occurred in the area of the stairway, one
train cf the Unit 2 AFw, CCP, and CCW systems would be maintained free from
fire damage,

3.1.2.2 Compliance with 10 CFR 50, Appendix R, Section 111.J (SNPP Part 7.2.2)

The new fire shutdown logic (SOL) 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 !ights hag gi-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
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battery-powered 1ighting to use if the normal 1ighting, standbv lighting
(onsite powered), and dc lighting (station batteries) systems fail. Design
changes were made to replace the ?5-watt lamps with 10-watt lamps &nd to add
more than 50 additonal light packs in various plant areas,

During July 7 throuch 11, 1986, the staff conducted a site visit and verified
the adequacy of the emergency lightina. For a fire within the control room,
TVA procedure ADI-27 (Control Room Inaccessibility (Revision 5)), lists a
number of manual operations required for plant shutdown. Manual operations
must be conducted in the following plant areas:

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

420-volt shutdown board rooms (four rooms/unit)

480-vo1t reactor MOV board rooms (four rooms/unit)

diese) generator building, 480-volt diesel generator auxiliery board rooms
(four rooms)

e o o o

During the site visit, emergency lighting 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 lighting provided in these rooms met the minimum requirements of
Appendix R, Section I11.J.

3.1.2.3  Compliance with 10 CFR 50 Appendix R, Section 111.0 (SNPP Part 7.2.3)

The drain pipine between the RCP motor 011 collection basins and the con-
tainment floor (oi) drains to the auxiliary reactor building sumps) is desicned
to Cateacory | 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 bu1ld1ng sump has not heen designed to maintain its
pressure boundary integrity after a safe shutdown earthquake., The RCP moters,
the lubricating o1l systems, 2nd the auxiliary reactor building sump are
designed to seismic Category | requirements so they will not fai) during a safe
shutdown earthouake, Therefore, random 0i1 lTeaks are not assumed to occur
simyltaneously with a design event because of the system design, TVA contends
that the total system provides more than reasonable assurance that a RCP motor
Tubrication oi) fire will not occur as 2 result of a seismic event, Assuming
then only a random single feilure, the 011 collection system would only be
required to hold the ¢il resultire from the largest spil resulting from that
single failure,

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

Based on the above cystem description and the staff's eval ation and approvel
(May 29, 1986) of TVA's outstending Appendix R ueviation requests, the staff
finds there it reasonable assurance that the existino RCP ofl collection system
provides an equivalent level of fire safety to that recuired by the technical
requirements of 10 CFR 50, Appendix F, Section 111.0.

3.1.2,4 Interim Compensatory Fire Protection Measures (SNPP Part 7.2.4)

In accordance with the NRC's Confirmatory Action Letter fssued August 10, 1984,
TVA estahlished roving firewatches teo provide continued surveillance of
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selected areas in the auxiliary building, control building, and the turbine
building. These firewatches covered areas of the plant that contain cable/
safe shutdown system interactions that did not meet the requirem:nts of 10 CFR
50, Appendix R, Section I11.G. In addition, these roving firewatches were
required to cover their assigned areas at least once an hour and dccument their
actions in accordance with TVA's Operations Secticn Letter Administrative 73,

As a result of the recent inspection (March 13-17, 1982) the staff found
additional interactions which had to be addressed. These interactions and
the corrective steps taken are detailed in Inspection Reports 50-327/88-24
and 50-328/88-24, The corrective actions resulting from this inspection
included the addition of sprinkler heads to the pre-action system in the
Reactor Building Annulus and the continuation of a fire watch in areas of

the reactor auxiliary building where cable interactions between the VCT
isnlation valve and the B train centrifugal charging pump exist. Fire watch
coverage was beeing maintained there because of an interaction for the source
range nuclear instrumentation. This was to he corrected during the next
refueling outage, Since TVA was already covering the pertinent areas for this
interaction, the use of additiona) fire watches was not necessary.

2.1.3 Conclusion

Pased on its evaluation, the staff has concluded that upon completion of the
fire modifications ancd implementation of the procedural corrective actions
associated with TVA's deviation requests as identified in the staff's SERs of
May 29 and October 6, 1986; and modifications and procedures as identified in
inspection Reports 50-327/88-24 and 50-328/88-24, TVA's Appendir R program
will provide an acceptable level of fire protection, equal to that required by
10 CFR 50, Appendix P, Sections 1I1.G, II1.J, IIL.L, and 111.0,

3.2 Environmental Qualificatior of Electric Equipment Important to Safety

2,2,1 Compliance with 10 CFR 50,48
3.2.1,1 Introduction

A licensee must demonstrate that equipment that ¢ used to perform a necessary
safety furction 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 reguirement (which is in General Desian Cri-
teria (GDC) 1 and 4 of Appendix A and Sections 111, X1, and XVII of Appendix P
to 10 FFR 5C) is applicable to equipment located inside as well as outside con-
tairnment, More detailed requivements ard ouidance relating to the methods and
procedures for demorstrat1n? this electrical equipment capability are in

10 CFP 850,49, "Environmental Qualification of Clectric Equipment Important to
Safety for Nuclear Power Plants": in NUREG-058E, "Interim Staff Position on
Environmental Qualification on Safety-Relatec Electrical Eauipment" (which
supplements IEEE Standard 223 and various NRC regulatory guides and industry
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standards); and "Guidelinas for Evaluating Environmental Qualificatior of
Cless 1E Electrical Equipnent 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)) IE Builetin (1EB) 79-01, "Environmental Quelification
of Class 1f Equipment,” This bulletin, together with IE Circular 76-08 (issued
on May 31, 197&), required the licensees to review the adequacy of their envi-
ronmental qualification programs,

On January 14, 1980, NRC issued 1EB 79-01B, which included the DOR Guidelines
and NUREG-0588 as attachments 4 and 5, Commission Memorandum and Urder
CLi-80-21, issued on May 23, 1980, stated that licensees must meet the DOR
guidelines and portions of NUREG-0588 regarding environmental qualificaiion of
safety-related electrical equipment to satisfy those aspects of GDC 4. Supple-
ments to 1EB 79-018 further clarified and defined the staff's needs. These
supplements were issued on February 29, September 30, and Cctober 24, 1580.

Ir addition, the staff incorporated license conditions into the license for
Sequoyah Unit 1 requiring that TVA (1) provide a report, by November 1, 1980,
documenting the qualification of safety-related electrical equipment, (2)
establish, by December 1, 1980, a certral file location for the maintenance of
all equipment qualification records, and (3) comply wich NUREG-0588 by June 17,
1982. Item (3) alsc was included in the licensee for Unit 2 which wae fssued
n 1981,

The staff issued an SER on environmenta) qualification of safety-related
electrical equipment to TVA on June 22, 1981. This SER directed TVA to “either
provide documentation of the missing qualification information which demon-
strated that safety-related equipment meets the DOR Guidelines or NUREG-0588
requirements or commit to a corrective action [requalification, replacement
(etc.)]." TVA was required te respona to NRC within 90 days of receipt of the
SER., In response, TVA submitted additional infomation regarding the quali-
fication of safety-related electrica) equipment, This information wac evalu-
ated for the staff by the Franklin Research Center (FRC) to (1) identify &1l
cases where TYA's response did not resolve the significant quali.ication
fssues, (2) evaluate TVA's qualification documentation in accordance with
established ciiteria to determine which eauipment had adequate documentation
end which did not, and (3) evaluate TVA's qualificaticn documentation for
safety-related electrical equipmert located in harsh environments required for
implementation of TM] Lessons Learned, FRC issued a Technical Evaluation
keport (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 environmental qualification of electric equipment important t¢
safety for nuclear power plants became effective on February 22, 1983, This
rule, 10 CFR 50,49, specifies the requirements for elcctrical equipment
important tc safety located in a harsh environment, In accordance with this
rule, equipment for Sequoyah Units | and 2 may be qualifiec to the criteria
specified in either the DOR guidelines or NUREG-0588, except Tor 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.£9, unless there are sound reasons to the contrivy,
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The staff met with each licensee for whom FRC had prepared a TER to discuss all
remaining cpen issues regardino environmental qualification, including the
acceptability of the environmental conditions for equipment qualification
purposes, if this issue had not yet been resolved.

On May 10, 1984, the staf® and TVA met to discuss TVA's proposed method to
resolve the environmertal oualification deficiencies identified in the staff's
SER ang 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, 1966.

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 5C.49. This
gecision was based on the results of a TVA management review of the environ-
mental qualification activities for compliance with 10 CFR 50.49 (condicted by
TVA staff and Westec Services, lac.). Based on this decision and the results
of the review, TVA initiated an in-depth program to ensure that environmental
qualification of al) electrical zcuipment within the scope of 10 CFR 50.49 was
established at Sequovah and 21 other TVA nuclear sites,

3.2.1.2 Eval.ation

Sumpary of Review

The staff evaluation of TVA's 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
compliance with the requirements of 10 CFR 50.49; (3) TVA's Corporate Nuclear
performence Plan, Revisiun 4, and Sequoyah Nuclear Performance Plan, Revision
1; and (4) the staff's equipment cuelificatior audit November 18-2¢, 1985, and
the statt equipment qualification inspectior: January 6-17, February i0-14,
June 23-2/, and Lecember 8-1Z, 1986, ara Apral C-10. 1987,

Proposed Resoluticns of Identified Deficiencies

TVA described its proposed resulutions for the equipme.at envircnmental oualifi-

cation geficiencies identifiea in the SER and the TEX in submittals dated

March 26 and December 23, 1985, and Janua 'y 26, 198€. During its May 10, 1984,

meeting with TVA, the statf discussed the proposed resolution of each def i-
ciercy for each equipment item identified in the TER ang found TVA's approach
for resolving the identified environmental qualitication deficiencies accept- |
able. The mejority of ceficiencies identified were documentaion, similarity,
aging, qualified life, and replacement schedule. All open items identified in
the SER also wer~ uiscussed, and the staff found TVA's resolution of these |
items acceptable. |

TVA's approach for addressing and resolvine the identified deficiencies
incluves replacing equipment, performine ecditional anal ses, uting additional
qualificaticn documentation beyond that reviewed by FRC, obtaining additional
qualification documentation, ard determining that some equipment is outside the
scope of 10 CFR 50,49 and need not be environmentally cualified (equipment
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located in a mild environment), The staff discussed the proposed resolutions
in detail, on an item-by-item basis, with TVA during the meeting of May 10,
1984.

Replacing or exempting equipment, for an acceptable reason, is an acceptable
methoa for resolving environmental cualification deficiencies. More lengthy
discussions with TVA concerned the use of additional analyses or documentation.
Although the statf did not review the additional analyses or documentatior
during the meetino, the staff did dicusss how analysis was being used to
resolve deficiencies identified in the TER and the content of the additional
documentation to determine the acceptability of these methods, During November
18 through 2z, 1985, the staff and a consultant from EL&G [daho, performed an
audit of the Sequoyah electrical equipment environmental qualification bincers,
and inspected selected equipment. Ouring January 6-17, February 10-14, June
23-27, and December 8-12, 1986, and April 6-10, 1987, the steff and its consul-
tants from Sandia National Labcratories inspected the Sequoyah equipment quali-
fication (EQ) binders and selected equipment and reviewed Sequecyah's
inpiementation of the 10 CFR 50.49 program,

On the basis of its discussions with TVA, the review of the submittals, and the
audit and inspections, the staff finds TVA's approach for resolving the identi-
fied environmental qualification deficiencies ecceptabie.

Evaluation of Compliance with 10 CFR 50.49

All equipment tha¢ is located in a potentially harsh environment and s re-
quires (o mitigate the consequences of a design-basic event (DBE) at Sequoyah
has been identified in accordance with 10 CFR 50.49(b)(1). TVA identified the
equipment by reviewing all systems on which the safety analysis in the FSAR is
dependent, Other systems or equipment necessary to support these systems wwvre
also identified by TVA,

From the safety systems identified above, TVA conducted a survey of the safety-
related equipment within the potertially harsh environment that resulted from &
[BE. This survey wés conducted using electrica) instrument tabulations,
mechanicel piping arawings, mechanical heating and ventilation drawings,
instrumentation and control drewings, electrical equipment drawings, and
conduit and groundine drawings to identify the safety-related comporents, 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 getermined that UBEs in the area covered by 10 CFR 50.49 are high-energy
line breaks (HELBs) both inside and outside of containment anc loss-of-coolant
accidents (LOCAs). FEquipment in the 10 CFR 50,49 program was evaluated for the
harsh environments through which it must function and/or not fail. Thesc en-
visggntnts incluce flooding both inside and outside containment .s a result of
a .

TVA also evaluated other accidents in Chapter 15 in the Secuoyah FSAR that did
not fit the 10 CFn 50.49 DBE definition as interpreted above, but that have the
potential to produce environments more severe than those encounteied during
normal operation or anticiputed operational occurrences. These accidents are
the waste oas decay tank rupture (WGDTR), ‘he fuel handlinc accident (FHA), and

TVYA SER Vol, 2, Part 1 3-23 Revised Preliminary Report



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 dcses to equipnent neces-
cary for mitt?ation of these events are less than 104 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 quealified 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 nutside
containment. The FHA, occurring in the fue! handlinc 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 scops equip-
ment. These harsh zones result from the DBEs. All environmental parameters
necessary for cesian, procurerent, anc 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 leve! (from a LUCA and HELE including contribution from spray),
and spray chemistry, LOCA and HELB pressure, temperature, and relative
humidity profiles are provided. The environmental parameters shown on the
drawings are derived from a numter of supporting calculations that ere
referenced on the drawings.

TVA's approach for identifyino equipment within the scope of 10 CFR 50.49(b)(1)
is in accordance with the reguirements of that paragraph, and, therefeore, is
acceptable,

The paragraphs below summarize the method used by TVA to identify electrical
equipment within the scope of 10 CFR 50.49(b)(2), “Nonsafety-related electric
equipment whose failure under postulated environmental conditions could prevent
satisfactory accomplishment of safety functicns...."

tlectrical equipment that is not safet; related and is exposed to harsh acci-
dent envirgnments must not fail in a manner that can prevent safety-related
electrical equipment from performing its safety function, In response to IE
Information Notice 79-22, TVA evaluated devices that are not safety related for
their potential tc 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 all interfaces with
equipment that is not safety related. Detailed wiring diagrams were used if
the nature of an interface was not clear from the contro! and logic diagrans.
fach 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 stuay showed that six devices (three per unit in the re-

sidual heat removal (RHR) system) that are nct Class IE have the potential to
adversely affect RHR, However, a failure modes evaluation of these devices
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concluded that the devices would not adversely affect RHR if their cables were
environmentally qualified. These cables are environmentally qualified and have
been 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 event and sufficient time to take corrective action,

TVA performed separate evaluation of the Class 1E power system to investigate
the effects of environmentally induced feilures. The design basis of the Class
1E power systems includes protective features for coordinated, selective clear-
ing of single random faults and overloads., Most failures of non-qualified
equipment from environmental causes will occur in a random fashion. The Class
1L power system is therefore adequately protected by its own design for most
environmentaily 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 CFR 50, Appendix R. The protection has been shown to satisfy
fts 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 desian basis of the Class 1E power system, Uevices and
junction boxes exposed to containment spray or to submergence inside
containment or to submergence outside containment that are not qualified for
these conditiuns have been identified. Fvaluations of the effects of multiple
faults from these circuits on the ability of the Class 1E power system to
provide power to essential ecuipment show that unacceptable degradation of the
Class 1t power system would .0t occur,

The staff finds the methodology beino used by TVA acceptable because it
provides reasonable assurance that eguipment within the scope of
10 CFR 50.49(b)(2) has been identifiea.

With regard to 10 CFR 50.49(b, 3), TVA evaluated existing system arrangements
and identified equipment for the variables defined in RG 1,97, Revision 2, TVA
has submitted for staft review a report cutlirning the results of the review and
schedules for modifications., Becsuse the review is not complete, some of the
equipment items jointly within the scope of NUREG-0737 and R 1,97 have no!
been included in the 10 CFR 50.49 scope. When the RG 1,97 report and equipment
lists contained therein have been finalized and accepted by the s.aff, appro-
priate equipment not already in the 10 CFR £0.49 scope will be added in accor-
dance with the RG 1,97 implementation schedule,

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

For instrumentation that is not considervd operable or not installed but that
will be complete by startup from Unit 2, Cycle 4 refueling outage in accordance
with the implementation schedule for RG 1,97 or post-TMI NUREGS, environmental
quelification will be complete when the equipment is installed and operable.
For that instrumentation that exists at the plants but that was not included in
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the origina] PAM instrumentation set but that will be Catagory 1 or 2 RG 1.97
instrumentation, TVA will complete environmental qualification in accordance
with the implementation schedule for RG 1.97.

TVA has investigated whether proper consideration of the equipment used in
execution of emercency opercting instruction (EOI) requirements has been given
in t?e development of the 10 CFR £0.49 equipment scope. The following were
considered:

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

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

TVA‘s installed PAM indicators are specifically identified to the main control
room operator. The indicators are marked either Pl or P2, which indicates the
fun.tion 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 roquir1n? 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.qg., transmitter)
that are qualified to meet the 10 CFR 50.49 requirements, When other activi-
ties are implemented (in accordance with NUREG-0737 and RG 1.97), instruments
presently installed but not requiring specific identification and cuelification
nay have to be upgraded,

TVA has concluced that the PAM equipment that will be installea and qualified
at plant restart will give the operator the infurmation necessary to identify
and mitigete DBEs and will be appropriately marked to indicate its importance.

The staff finds TYA's approach to 1oont1fy1n? equipment within the scope of
10 CFR 50.49(b)(3) acceptable because it is in accordance with the requirements
of that paragraph.

3.2.1.3 Conclusions

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

(1) The Sequoyah electrical equipment environmental qualification progran
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
rodifications/replacements that must be completed for the affected equipment to
Je qualified, By letter dated Feb uary 27, 1968 TVA provided certification
that &11 restart work is complete,
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3.2.2 Superheat Transient (Main Steam Temperature Issue)

TVA designed Sequoyah to withstand an unisolable break in & main steam line
efther inside containment or in the main steam valve vaults (MSVVs) located
outside containment. As part of this desion the electrical equipment usec
dguring this accident would be required to operate in the high temperatures
generated by such a line break, After the plent 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 valie vaults, As &
consequence, the design of the equipment located in these areas required re-
evaluation, This issue is discussed in Section 111.6 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. Thie issue of higher temperatures during a main
steam line break (MSLB) was inftially considered for inside containment; how-
ever, TVA also identified it as an issue in the MSVVs, The vaive vaults are
@djacent to the containments for Units 1 and 2. Each unit has two vaults (east
and west valve vaults),

1VA considered three options in resolvin? this issue and chose the option of
having westinghouse re-anaiyze the MSLB in the valve vault using an updated
containment; subcompartment computer code, COMPACT, This code models buoyancy
due te steam temperature, which is an important mode! for the vaults because 1t
accounts for the chimney effect which is physically rresent in the vaults. The
code shows that outside air is pulled into the vault, which produces a
sfonificant temperature reduction. By letter dated August 13, 1986, TVA sub-
mitted a report, "Main Steamline Break Environmental Qualification Study for
1VA Sequoyah Units 1 and ¢ Main Steam Valve Vaults,"

The mass and energy release data from Westinghouse Topical Report WCAP-10961,
Revision 1, were used as input to the wWestinchouse computer code COMPACT for
calculating the temperature profiles in the valve vaults. TVA then performed a
therma) lag amalysis to obtain the component temperature response.

Macs 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 Cutside Containment subgroup
program,

The Westinghouse computer code LUFTRAN was uted for this calculation. The code
was modified to account for heat transfer to the steam during steam generator
tube bundle uncovery. (This modification 1s described in WCAP-88¢2, Supple-
ment %. which the staff acknowledgeo as acceptable by letter dated May 27,
1986.

TVA postulated a spectrum of breaks, including & double-ended 1.4-square-foot
rupture of the steam line, a 0,9-square-foot break upstream of the main steam
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line check valve, and a 0.9-square-foot break downstream of the main steam line
check valve, The 1.4 -~1are-foot break results in automatic isolation of the
main steam fsolation vaives (MSIVs) and tne most rapid uncovering tube bundle,
and, therefore, the earliest onset of superheat. The 0.9-square-foot break up-
stream of the check valve is similar to the 1.4-square-foot break except that
the blowdown rate is lower and the duration of blowdown is longer., Even though
automatic isolation of the MSIVs does not occur, the check valve prevents the
other three steam generators from blewing down, The 0.9-square-foot break
downstream of the check valve does not initiate MSIV closure, and, therefore,
all four steam generators blow down. As a result, the tube bundle is vncovered
late in the transient. The total blowdown eneray from the four steam
cenerators 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 The.mal Lag Analyses

In calculating compartment temperature 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 colc
outside air into the vault and pushes hot air cut 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 & TVA calculation using
the RELAPS computer code. They werc alsc confirmed by the staff's consultant,
battelle Pacific Northwest Laboratory (PNL), using the COBREE computer code.

In the calculation of the valve vault temperature response, the concrete walls
anc¢ 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 transter was modeled, 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 coerficients were used in modeling the condensing
mode and saturation moce, respectively, This approach is conservative and in
accorcance wich the staff ouidance in NUREG-0588., It is, therefore,
icceptable.

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 natural circula-
tion to occur early in the transient. Therefore, the cooling effect of natural
circulation mitigates the temperature rise in the vaive vaults. However, the
0.9-square-foot break downstream of the check valve results in al! four steam
generators blowing down and delays the natural circulation effect, This delay
results in @ higher vault temperature. The results in the TVA submittal in-
dicete thut the 0.9-square-foot break downstream 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 L40°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
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tube bundles start to uncover; the vault temperature increases to 430°F at
about 510 seconds, and stays at about 4°0°F for 70 seconds, At 543 seconds,
the mass release rates have dropped enough for natural circulation to begin,
Katura)l circulation and the termination of the blowdown at 600 seconds cause a
rapid cooldown of the vault co temperatures below 200°F,

A sensitivity study showed that the results are not sensitive to the nodaliza-
tior mode! chosen for the valve vault, A blowoff roof flow ares sensitivity
study also showea that the compartment air temperature rise is only slightly
sensitive to the flow area,

The resulting surface temperature profile ror 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 temperature 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 tel nerature is about 380°F in both cases. These peak component sur-
face temperatures are hicher 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 ‘hose
obtainec using COMPACT with respect to the shape of the temperature profiles
and the phenomenon of natural circulation., The predicted timing of the
temperature spike and the onset of natural circulation cooldown were in close
agreement in the two calcuiations, The predictec peek temperature and
steady-state temperature values also were close, with the RELAPS results being
somewhat higher,

Usino RELAPS, TVvA analyzed additional cases assuming a smaller break size (0.3
square feet) and different inftial power levels (102 percent and 70 percent).
The effect of initia) power on the vault temparature response was
insignificant, and the temperature response for the smaller break size wes 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 specirum analyzed.

At the staff's reguest, 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
chape and timing of the temperature profiles obtained for the three cases
analyzed in the Westinchouse 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
break downsteam of the check valve in the west valve vault), The PNL results
confirm the effect of the nmatural circulation phenomenon identified in the TVA
analysis, Quantitatively, the COBREE calculations predicted hicher room
temperatures but lower ci ponent surface temperatures. One of the main reasons
for this is the way in which the COBREE code mocels heat transfer. The current
versien of the COBREE code used the same heat transfer coefficient for struc-
ural heat sinks and safety-related components, The COMPACT code, however,
minimizes heat transfer to the structural heat sinks and maximizes the heat
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transfer to the safety-related components. This approach is more conservative
for component surface temperature calculations and 1s consistent with the
guidance in NUREG-0588. Thercfore, the staff finds the component surface
temperature profiles calculated with the COMPACT code to be acceptable for
equipment gualification,

Internal Heat Transfer

TVA analyzed the “hermal response of electrical 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 methodeloay was the subject submittals to the NRC as well as
several meetings with the NRC concerning the acceptabiiity of using the metho-
dology for establishing environmental qualification of equipment, A detailed
review and technical evaluation of the licensee's submittals on this issue was
conducted by Franklin Research Ceiiter (FRC) under contract to the NkC. The
results of that work were reported in FRC Technical Evaluation Report TER-
(5506-658, "Review of Thermal Analysis of Electrical Equipment for Main fteam
Line Break Environmental Qualification, Sequoyah Units 1 ano Z," dated May 8,
1987. This TER is included as Appendix L to this SER, NRC staff has reviewed
the TEK and the staff agrees with the conclusfons in the FRC TER that there is
reasonable assurance that the heat transfer modeling accurately reflects com-
porent temperaiures during 3 MSLB. Where assumptions were required during the
modeling, TVA maintainec & conservative approach, providine additional assur-
ance that the predicted component temperatures during the MSLB approach a
worst-case scenario., Therefore, TVA has effectiveiy demonstrated that the
components located in the MSVVs igentified in Table 1 of the TER would not
exceed their qualitied temperature profile during a MSLE and are considered
qualitied for this condition, The staff further concludes that this method-
ology would be acceptable (with proper application) for demcnstrating cualifi-
cation of equipment which was not included in Table 1 ot 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 11l computer
code to include the cooling effects of the ice meit water spraying out uf the
ice condenser drains, A test program that included full-scele modeling of the
spray out of & 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 Wetts Bar
containment was reduced from 327°F to 315°F., Duke Power saw similer results
for its Catawaba plant.

TVA reviewed the Watts Bar analysis for applicatility to Sequoyah and deter-
mined that & Sequoyah specific analysis was necessary., This additional analy-
sis was required because of the minor ¢ifferences between the two plants in
structural arrangements inside containment. The analysis used Sequoyah-
specific steam 'ine break masses and energy releases, The results of this
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analysis indicated that the current FSAR steam line break temperature profiles
we. e conservative and additional analysis was not required,

The staff concludes that the containment termperature profile is acceptable con-
tingent on the verification that the analysis contained in the <estingiouse
Reports WCAP-10986 and -10986 is accurate, The staff's review of the.e reports
is being conducted or a generic basis and the results of the generic review
wil! be addressec 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 issuve discussion orovided in

Part 111, Voluine 2, SNPP Revision 1, March 1987; (2) the FRC TER-(5506-658,
May 8, 1987; ana (3) the documentation evaluated during the April 6-10, 1987,
NKC environmental qualification inspection report 50-327/328 87-22.

3.3 Piece Part Qualification (Procurement)

3.3.1 Introduction

TVA Nuclear Safety Review Staff (NSkS) reports R-84-17-NPS and R-85-07-NPS
fdentified deficiencies in TVA's practices for the procurement of
safety-related replacement items, NRC Inspection Report 50-327/328 86-61,
dated hovember 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 program could allow previously qualified equip-
ment to be degraded by purchasino replacement components and parts as commer-
cfal-grade, without documentation of its gualification 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 commerciai-grade items

and hac failed to address the effect that past procurement may have had rn the
quality of installer 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 Cualification," of
Part ill, "Special Programs," of Volume 2, SNPP, Revision 1, and of an April 1,
1967(b) TVA submittal,

TVA has established the Sequoyah Replacement [tems Project (RIP); the three
primary coals of this project are to

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

(2) establish pro?rams ana practices tl<t will ensure that previously

guelified equipment (seismic and environmental) will not be degraded in
the future through the use of spare and replacement items
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discussed in an October 29, 1987 letter to TVA., However, the staff further
concluded that this prccecs couid be used to support plant restart, TVA
responded to the staff concern by letter lated December 8, 1987(a); TVA provided
an acceptable lorg-term program plan by letter dated February 10, 1988,

3.3.3 Conclusion

On the basis of its review, the staff finds that, with proper implementation of
the nlans, this special issue should be satisfactorily resolved.

3.4 Sensing Linc Issues

3.4,1 Line Slope

3.4,1.! Introduction

Issues were raised throuch the employee concerns program concerning the instru-
ment 1 ne slope. It was determined that the actual configuration did rot match
the reouirements for line slope indicated on plant drawings at Sequoyah.
Erroneous instrument line slope can affect instrument sensor accuracy and iead
to an instrument error in detecting process conditions outside the safety
limits, Instrument lines act as a coupling between procese=s and sensors and,
to be effective, they must be filled with a known fluid. Insufficient line
slope can cause gas to be cntrapped with the liquid medium or may cause gas to
condense to 1iquid and cause a deqradetion in instrument accuracy. Some
designs allow the use of high point vents, along the sense line, for veming
where the slope cannot be maintained to ensure that no gas is entrained, Some
designs alsu allow the use of condensate collection chambers, for instrument
lines where slope carnot be mairtained, to collect condensed 1iquid from the
gaseous medium, The emplovee corcerns noted that come instrument 'ines had
either no slope or reverse slope without high point vents,

There appears to be a number of different problems »ith sifferent solutions.
Some instrument lines have insufficient positive siope while cthers have a
necative slope. Some instrument 1ines, such as those within the auxiliar
feedwater system, have been relocated to ensure system functionality, while
others in the effluent gas treatment system (EGTS) require the acdition 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, Decermber 8, 1987(b) and January 22, 1988, In the letter of December 8,
1687, TVA issued 2 six-volume report titled "ECTG Slope Closure.," Rev, 0, dated
October 27, 1987 (RIMS B25 871027015)., As a result of thic review, TVA has
taken the actions listed below,

(1) TVA expanded the icdentified concern of upward sloping liquid filled lines
to also include condensation entrapment in downward sloping gas filled
Tines.

(2) Based on various calculations (SON-ISL-002), TVA hac developed criteria
for determirning instrurent line w.lkdowns where process and ambient
conditions could cause unacceptable instrument performance for reactor
trip, engineered safety features actuation, or accident monitoring
functions,
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(3) Based on these criteria, TVA physically wi lked down 57 instruments and 83
instrument lines and measured for instrum:nt line slope. TVA recorded all
observed discrepancies on the instrument )i~e slope sketches and each
individual discrepancy was evaluated, disposiiioned, and verified by a
second individual for technical adeguacy.

(4) TVA issued Electrical Design Standard DS-F18.3.7 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 WR28-1-80-124-R1).

(6) TVA issued calculations to determine the amount of entrapped air in closed
instrument 1ines under various temperature and pressure conditions in
order tc 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)chamo&rs in EGTS (System 65) instrument lines (DCN-X00007 and
DCN-X00014),

(8) TVA issued a DCN (DCN-X00004) to revise RHR (System 74) instrument 1ine
for slope and to eliminate a number of high point vent vaives.

() TVA issued & DCN (DCN-X00009) and two ECNs (ECN-7171 and ECN-7172) to
revise auxiliary feedwater (system 3) and containment spra) (System 72)
instrument lines for slope and rotate the pressure switch tap for the
auxiliary feedwater system to 120° from top of the suctior header,

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

(11) TvA has prepared and issued maivtenarce fnstructions (M]) for backfilled
instrument |ines for «arious systems (MI 19.1 series).

(12) TVA has prepared and issued surveillance instruction: “or verification of
essentizl instrument operability (SI-604).

3.4,1.2 Evaluation

TVA prepared a list of a1) instruments that efthe: detect or mitigate those
events in FSAR Chapter 15, the reactor protection system, pruvide an input 10
the reactor protectior system, or perform engineered safecuard functions, A
number of instrument lines were eliminated from physica’ walkdown on the besis
of the criteria listed below,

(1) all fustruments mounted by vendors on a vendor supplied package or siig

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

(3) instrument lines that are sealed
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(4) ambient t rature is low and pressure excursior will not drein the
instrument line during an accident condition

(§) all gaseous filled sence lines that are not subject to condensation,

The staff has reviewed these criteria and found them reasonable. Based on
these criteria, 57 instruments and £3 se'ise lines were identified which
required the physical walkdown,

The staff has also reviewed the Nerris Laboratory test report
(WR2/=1-85-124,R1) that indicated that entrapped air in instrument lines sloped
at 0,125 inch per foot or mere have no effect on the static transmission of
pressure . liguid filled lines, even though some air may become entrapped in
socker welc fittinos, However, the dynamic transmission of pressure may cause
significanmt oscillation at the transmitter over a transient period of time.

TVA has caiculated that an instrument line that tends to be osciilatory during
DBA corditions because of entrapped air will exhibit oscillatory behavior
duriug normal! operation and testing., Therefore, this provides the opportunity
for corrective actions for the instrument lines that tend to be oscillatory as
3 result of entrapped air,

The Norris Laboratory test resuits did not address the migration of entrapped
air bubbles within horizontal sections or in downward slopino sections foi-
lowing upward sloping portions, However, TVA calculations indicate that air
bubble formation is 3 concern only in instrument iines operating below 100
psig. This analysis also provided the methodology for sizing of a high-point
vent reservoir to ensure that the instrument lines remain liquid filled,

TYA has applied these test results and conclusions to the 57 instruments and 383
instruments lines that were physically walked down, Baced on this review, the
following findings were identified:

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

criteria atter minor adjustment

(3) instrument lines that did not meet the accepiance 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, X00009
and X00014) and ECNs (7171 and 7172) were issued. TVA has dispositionec these
DCNs and new slope values were recorded or the revised diagram, These 20
instruments covered the wide range of plant systems including auxiliary feed-
water, recidual reat removal, containment spray, and efiiuent gas treatmen?
systems, For the instrument lines that did not meet the acceptance criteric,
TVA hes evaluated each discrepancy indivicually on the basis of system
requirements, response time, accident environments, operating experience,
industry experience and Norris test results,
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The NRC staff assisted by 1ts consultant, Science Applicatiens International
Corporations, has reviewed the information submitted by TVA and has also met
with the perscnnel who performed the walkdown and who were responsible for
disposition of the individual findings,

TVA has issued an electrical design standa“d to be used for instrument line
slope criteria in future modifications. TVA also is planning to issue in the
near future an instrumentation ergineering requirements specification that
specifies the dcsl?n standards and the required QA inspections, The staff has
reviewed the new electrica) design standard and believes that design standard
together with the instrument specificaticn will prevent the future recurrence
of the problem,

3.4,1.3 Conclusion

The TVA stucy has adequately considered the needed accuracy requirements for
safety-related instryments and the technical justification contains the
rationale for allowarces 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 “nterchanceazble in design. Issues
arising from the employee concerns special program were that there are mixed
fittings and improper installation resulting from lack of training anc
inadequate quality assurance. Tests were performed at Singleton Materials
Engineering Laboratory of varfous configurations of compression fittings. The
report concluded that regardless of different manufacturers or installation
techniques, & compressicn fitting that successfully passes hydrotesting will
serve 1ts intended purpose.

TVA has initiated corrective actions that include periodic training for craft
personnel and ¢ procedure cefining requirements for installation 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, On the basis of its review of Element Report CU17304 and the above in-
formation, the staff concludes that the concerns regarding compression fittings
are resolved,

2.4,3 Teflon Tape

Tefion 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 stainiess steel
fitting, Althougn Sequoyah plant procedures prohibit the use of tefion under
high temperature/radietion conditions, a concern at Watts Bar led to an inspec-
tion at Sequoyah. Two cases not conforming to the procedural requirements were
found anc repaired. This issue was tracked as Finding A-5 of the Nuclear
Manager Review Group findings, Element Report OP30901, and in Section 111.9.3
of the SNPP. As discussed in NRC Inspection Report 87-37, actions for plant
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restart are complete. As a long-term action, corporate guidance on the use of
teflon tape and & single-defined tape replacement plan will be issued.

3.5 Welding
3.5.1 Introduction

In Section 111.8 of the SNPP, TVA discusses the welding project program to
evaluate the acequacy of the TVA welding program for al)1 of the TVA plants and
the suitability of welded structures and systems for service. 'n addition,
approximacely 30 percent of the safety-related emplioyee concerns pertain to
various 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 recolve 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
tormulated its program to evaluate the welding program at each TVA nuclear
power plant in two separate work phases., The Phase | 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-
ing commitments and regulatory requirements. The Phase 11 effort consisted of
actual reinspection of celected welds and the inspection results were used to
evaluate the implementation of the written welding progrem, The sampled welds
evaluated to determine whether the welds mace by TVA in the field meet the
épplicable code requirements and are adequate for service.

In both phases of the prooram plan, TVA was to fdentify and categorize any
deficiencies in the existing program, correct the problems, and implement
changes to prevent recurrence,

i.5.2 Evaluation

Phase | Program Plan

The Phase | progrem consisted of the following subtasks:

. review TYA commitments to NRC

’ verify that the written program reflects those commitments

N getermine that weld-reiated commitments are reflected in design output

. determine that the programs implemented by the (Uffices of Construction
and Nuclear Operations, as appliceble, reflect design cutput and quality
documents

assemble employee concerns by type and plant

analyze and evaluate quality indicators that may have impacted on the
programs
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X issue an adecwu{ statement regarding written programs to
implement/contro]l welding activities

As a result of the evaluation of the Sequoyah related employee concerns, TVA
concluded that there were five problem areas of a progranmatic nature which are
to be eddressed. These five areas concerned (1) box anchor design deficiencies
(2) huclear Uperations (NO) programmatic defieiencies regarding compliance with
ANS] N45.2.5 where a required inspection was performed by someone other than
the QL inspectors, (3) inadequecies in the inservice inspection (1SI) program,
(4) a specific case of poor welder performance, and (5) minor implementation
deficiencies in the NO welder cualification continuity program, hore of these
problems involved hardware deficiencies., The most significant recommendation
s to stop the practice that allows welders to update their weider performance
qu?lifications by running a bead on plate rather than meking a full-penetration
welc,

The staff found that TVA's Phase 1 effort of this program required & review of
fts 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 reguirements. However, TVA had so many tiers of
documents with overlapping requirements that were produced by different TVA
organizations that i1t mede it almost impossible to understand and verify that
all of TVA's owr requirements were implemented.

for example, in the FSAk TVvA stated that structural steel ucla1ng would be
conducted in accordance with the American Welding Society (AWS) D1,0-69, "Code
for Welding Building Construction,” or later versions, up to AWS D1.1-Rev,
2-74, "Structura) Welding Code." Section € of all these codes specifies: “The
inspector shall examine 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 recconizes that fit up inspections for fabrications that are not
safety related may be waived, but fur safety-related fabrications, fit up re-
quirements must be met in these codes to meet Appendix B of 10 CFR 50, If an
unacceptable fit up 1s incorporated in a welded fabrication, the effective weld
size méy not be adecuate for structural integrity, The results of the TVA
weldino projec* revealed that fit up inspections were not pe~formed as a
quality contryl function because they had not been incorporated in the craw-
ings. TVA's proposed actions to resolve these problems are addressec in
Seccion 3.5.3 ralow.

PHASE 1! Program Plan

The Phase 1! program consisted of the following subtasks:

o contract with an outside consultart, APTECH Engineering, to assess plant
fitnes: for service

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

’ eveluate the reed for reinspections basec on the result of an evaluation
of quality indicators
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- implement any additional reinspections and deficiency resolutions

l:: results of the Phase 1l efforts of TVA's welding program are discussed
ow,

The APTECH Engineering review consisted of a review of (1) historfcal records
and activities related to the production of weids under Sequoyah's weliding and
inepection program, (2) preservice enc inservice inspection records of we ds,
and (3) licensee event reports (LER) relating to weld quality, APTECH
concluced that (1) the welding program contained the necessary controls to
ensure high quality welds, (23 the rate of significant indications detected
during the preservice and inservice inspections is low, and (3) no LERs were
oererated that are related to poor quality field welds. In summary, thern is
no evidence that the quality of welds at the Sequoyah plant is such that they
are not tit for their intended service,

The Pechte! eaucit concluded that TVA had an effective program related to weld-
ing and NDE at the Sequoyah site. Mowever, the auditors noted that socwe of the
program documents were confusing, overlcpping. repetitive, and unclear, ine
Rechte] audit team recommended that the quality control program be centralized
to one level of suthority for uniformity and consistency.

The Bechte! audit provided an outside evaluation of TVA's approach to meeting
1te FSAR commitments. The suditors selected the weld joints for the systems
selected by TVA anu reviewed the documenta:ion, The audit team reviewed each
weld cocument package for the 17 key elements listec below,

implementation of technical and welding program requirements
adequacy of desior output document (mot in terms of technical adequacy)
initial we'ding operator cualifications

maintenance of welding operator qualifications

renewal of welding operetor qualifications

initia) welding inspector qualifications

maintenance of welding inspector gualifications

renew2) of welding inspector qualifications

use of appropriate welding porcedures

use of appropriate inspection procedures

use of appropriately trained and cuzlified personnel

use ¢nd control of wela‘ng filler materials

in-process control of welding

documentation of the above activities

nonconformance reports and corrective actions

adequacy of the training programs

e & o n o =

@ © 5% o o 0 o 0 ¢

The Bechtel audit resulted in cne audit fincding concernlng procedural errors in
the use and contre! of filler materials by the Office of Construction. The
effect of the errors (the post w2ld heat treatment temperatyre and Lime were
less than specitied and yield strength not recarded as specified) was minims!
on the hardware produced. The coce requirements (FSAR commitments) were met,
but this indiceted that TVA aid not follow 1ts own procedures.

The most significant recommendation made by the Bechtel sucitors is that TVA,

wherever possible, should centralize the quality assurance prooram to one level
of authority for uniformity and consistency,
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The staff found that the APTECH Engineering review of preservice and inservice
inspection results did not sppear germene to the employee concerns, Because of
the attributes visually inspected and because the operating stresses were SO
smal) compared with the sefsmically induced stresses or stresses induced oy
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 Bechte) audit of records was performed in Phase 11 after TVA had reviewed
its records, TVA's review and resolutions of discrepancies are reported in the
Welding Project Generic Employee Concern Evaluation Repo ts wP-03-50N,
WP-06-SQN, and WP-07-SQN, Because of this sequence of review, 1t 1s
understandable that the Bachtel audit dig not find any oiscrepancies of
signiticance.

TVA Weldinc Keinspection

The Sequoyah Welding Reinspection Plan specified, among other elements, a
reinspection of (1) 333 piping welds in 7 systems, (2) 15 welds in spiral
welded duct, and (3) 402 ioints (1364 weids) in 50 structu es,

This reinspection scope was purposely skewed toward. areas where less stringent
criteria were specifiec and, thus, fewer QC checks were required and applied
during construction, The reasoning behind this approach wis that, if thore
were welding problems, these are the areas where the problens would most 1ikely
be reflected ir tie plant hardware. The results of the TVA reinspection effort
are surmarized below,

(1) Fipe Welds

Teble 3.1 presenic the resuits of TVA's reinspection of pipl g welds., In terms
of components, the rejection rate is about 55 percert (184/333), In terms of
deficient weld attributes .onteined per weld, the rate of deficient welds 15
about 4 percent (184,/4566), (bvirusly, both numbers sre misleading in that the
firet number tends to «wagnify the sevi "ty of the problems, partizulariy when
one cortiders that 104 out of 183 are in the arc strike/spatter category. The
weld spatier/arc strike indications are suparficiel ingications and should have
beer reportable, but they should nct be a cause for rejection, The superficial
arc strikes and spatters thould have been removed by light grinding, as
required by TVA's internal procedures. The second number ‘4 percent rejection
rete) it also misleadirg; it tends to obfuscate the fact that these indicetions
are genarally indicative of poor quality ard should have been detacted ang
properly 2ddressed duringe construction,

Crackin? i an important ettribute Yor inspection and no cracks were found,
Five welds requiied additional surface rework to remove NDE surface indica-
tions, &rinding encroached upon the marufacturer's minimum wall thickness in
one of these five welds; however the remaining wall thickness was more than
twice the cesign wall thickness, It should be noted that the paint remeving
techniques usec (rotary wire brushcs ang ficpper wheels) alsc changed the
original irspection surface and presented an ¢iterea surfice for reinspection,
These siightly altered s'rfaces wi1) provide different refnspection results,
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Discrepancies other than those related to size, shape, location, urdercut, &ng
contour/transition that were giscovered 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 visuelly detected
fadications for al! attributes were acceptable; 1.e., they met the applicable
design stress limits,

The reinspection resuits for piping welds are shown in Table 3.1, Table 3.2 is
@ rearrangement of the same data in Table 3.1, which was provided by TVA in its
August 1, 1966(b) response to a staff request for additional informatfon. The
table thows 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.

(¢) Structura) Weiags

The reinspection results of structural welds are summarized in Table 3.3,
Teble 3.4 is a recompilation of the same data in Table 3.3, as provided in
TVA's Aucust 1, 19B€(b) response to a staff request for acditional inrormation,

The rejection rete on the basis of deficiencies per inch of weld is about 1€
percent (1194/7369), even though the components containing these deficiencies

are suitable for service by cng-nearing celculations, The re ection rate on
the component basis 15 about 15 percent (211/1394). On deficient attributes

Table 3.1 Piping weld reinspection results

ho, of Welds No. of Welas bercert of Welds
Attribute Reinspected hccepted/Rejected Accepted/Rejected
Contour,/Transition 233 kh o) M 96.2 4.8
Offset,/Alignment 333 331 2 99.4 0.6
Undercut 333 331 ¢ 99.4 0.6
Reinforcement 333 326 7 $7.9 ¢.]
Weld spatter/

Arc strike 333 e29 104 68.8 31.2
Weld Location 333 333 0 100.0 0.0
Weld Size 233 320 13 96.1 3.9
Weld Metal/

Base Mete!) a 333 0 100.0 0.0
Weld comvexity 333 333 0 100.0 0.0
Incomplete Fusion 333 328 5 98.5 1.5
weld Qveriap 333 32§ [ a7.6 .4
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Underfilled 333 321 le g6.4 3.6

Surface Porosity 333 318 15 95.5 4.5
Surface Slag 333 333 0 100.0 0.0
Total/Average: 4,662 4,478 184

Table 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 (OC) 204 78 0

Nuclear Operations (NO) 34 6 0
Butt Welds

ocC £8 46 0

KO 22 6 0
Attachment to Pipe Wall

0C 5 3 0

NO 0 0 0
Total Welds

oC 277 127 0

NU 56 17 0

Table 3.3 Structural welds reinspection results

Inches of Weld Weld Attribute (Inches) Percent

Attributes Examined Acceptable/Rejectable  Acceptable/Rejectable
Size 7369 6604 765 89.62 10,38
Incomplete Fusion  73€S 7351 16 §9.76 0.24
Overlap 7369 1366 3 39.96 0.04
Craters 7369 7362 7 99.91 0.09
Profile 7365 6999 370 94,98 5.02
Undercut 7369 7338 31 99,58 0.42
Correct Filier

Metal Type 7369 7369 0 100.00 0.00

—_—
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Totals: 51,583 50,389 1,194

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 keinspected Indications Design Requirements
Fillet Welds
Office of Const. 1080 160 0
Nuclear Ops. 148 el 0
Butt welds
Office of Const. 50 4 0
Nuclear Ops. 0 0 0
Other (specify) - Flare
0ffice of Const. 92 24 0
Nuclear Ops, 24 2 0
Totals: 1394 211 0

*Weld joints were evaluated, not individual weld seaments.

per linesr inch basis, the rejection rate is about 2.3 percent, Again, these
numbers could 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 welds inspected; however, ti- engineering evaluations demonstrated
that, a: constructed, none of the stru:tural welds, including the structures
with missing welds, required weld repair.

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

the Sequeyah site, The rejection rates cited in TVA's letter of August 1,
1986(b), i1lustrate & general lack of 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, noc weld repairs are required to meet Code requirements.

Employee Loncerns

The NCR staff categorized all of the concerns related to welding to identify
the issues that may affect the quality of welds at Sequouyah. The first five
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catecories represent elements that the staff believes to be essential for a
successful weiding program. The categories are listed below,

21; welding procedures
2) welder qualification/training
(3) welding inspection and inspector training/cualification

(4) weld design and configuration
(6) filler material control
(6) miscellaneous/one of & kind

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 revies and by
its sample reinspections of plant hardware, and by independent inspections
conducted by the NRC. The NRC then evc¢'uated 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 2re 41 final element reports of employee concerrs primarily involvine
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
categery, miscellaneous/one of a kind, was created fer those concerns which did
not fit easily into any of the five essential catecories. Each of these
essential categeries were addressed separately., Of the 145 employee concerns
involving welding (specific and generic) applicable tc Sequoyah, all except one
are addressed in one of these six SERs. The exception, potentiaily 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 detail in Volume 2, Part ¢ of this report.

For the first element, welding procedures, there was only one employee concern
expressed for the Sequoyah site which involved a standard fabrication operation
with a welding asrocedure that was not referenced on a particular crawing. The
steff team inspections did not find any problems in this area.

For the second element regarding Welder (ualification/Training, there are 27
employee concerns, Most had to do with irreqularities in the dating of welder
certitications., A welder is reguired to renew his/her qualification every S0
days, and this may be done by the welder's use of the walding process certiiec
by his/her employer. The time between taking the test and the handling of @
welder's paperwork and actual 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 1t may have occurred, the safety
significance is rather minimal because the welder's skill 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 dore any weiding on
the job and maintained his qualification by falsification for lengthy periods.
However, its safety significance would be rather minimel as long as the
individuals in question did not make actual production welds; &and there is no
evidence, nor employee concerns, to indicate that this was practiced at the
Sequoyah site. in addition, the welds wou'd have been inspected and those
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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
defects indicative of poor electroce manipulative skill by the welders were
usually rejected by the originai TVA acceptance inspections.

The results of the TVA reinspection, the Bechtel 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 workmarn-
ship significent to the degree that required weld repair were identified.
Workmanship type flaws/defects were found, but these were either removed by
filing and grinding or an engineerino evaluation was performec and the systems
or structuras 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 progrem,
The overall quality of welds showed that the welders at the Sequoyah site had
the capability to make sound welds and, by definition, were qualifi2d. 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 all nuciear 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 inspection ang inspector training/qualifi-
catiun haa the largest number of employee concerns (453. 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 stringentiy applied.
The high rejection rates revealed by the reinspections of welds that were
accepted by the oriciral 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 Sequcyah site, Five of the concerns related to a particular box anchor
gesign for piping, These concerns are adeqiateiy addressed for the Sequoyah
plant because ¢f the special care and drawing changes for these installations,
The other two concerns were individually investigated by TVA and the responses
are acequate for closeout. Accordingly, the staff does not believe there are
major problems under this element,

The fifth element recarding the filler material control had 28 concerns. Many
of the concerns related to no portable .od ovens and the lack of material
accountability, These issues were adequately addressed by TVA, There were
concerns alleging that welders kept unused electrodes and used them later for
welding without bakinc to remove moisture. However, the reinspections should
have detected some cracking in weldments if this was a pervasive, common
occurrence. The employee concerns recarding the poor quaiity electrodes were
investigated by TVA and the responses are reascriable. The two instances of
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incorrect electrodes being used were investigated by TVA and the responses are
agequate. The results of the reinspections and audits found no signs of
inaceguate filler material control. Even if there were deficiencies in the
;11?er material control, they did not appear to have impacted the produced
ardware,

For the miscellaneous/one-of-a-kind category, there are 35 employee concerns,
27 of which are addressed in WP-19-SQN, "WBN Concerns with No Generic Appli-
catior to SQN." The TVA Welding Task Group had evaluated all of the employee
concerns assigned and had determined, based on further investigations as
reported in the various element reports, that these ¢7 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 NDE Program," were not applied to the Sequoyah site. The uncoated welds
are beiny addressed by TVA under a corrective action report. Although the
welding machines might not have all features and aids a welder would like, the
machines were adequate to perform the weld when used by a qualified welder.
The QAE-g0-2 Report was completed after the construction of the Sequoyah plant
was completed and, therefore, 1s not really pertinent.

NPC Team Inspections

Between January 20 and July 11, 1986, the KRC 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 with predetermined areas for inspection. The second team
inspection, conducted February 18 throuah 28, 1986, also included independent
examinations by the NRC Region I NDE Van, of welds randomly selected by the NRC
inspectors., Listed below are the summary results of the NRC inspections.

(1) Inspection Report 5(-327/328 86-09

The qualifications of the personnel performing the Bechtel audit, organization,
internal procedures, and policies were reviewed 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 wus based on
encineering jucgment and the availability of records.

The Bechte] audit determined only if the records were present and correct; it
did not address the technical suitability of the documents which were audited.

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

TVA SER Vol, 2, Part 1 3-46 Reviced Preliminary Report

e L L U s | s pa L L ey T Sy S R S T T T TR T WL



° possible bias of the sample by determining when the selected items
were originally fabricated and comparing them to the level of effort of
construction in the past

¢ distribution of welds reinspected between Unite 1 and 2

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

TVA's reinspection effort identified various wela deficiencies, undersized
fillet welds being the major problem. TVA's engineering calculations of these
deficient welds found them to be acceptable "as 1s" and adequate for their
intenced application, These deficiencies should have been identified during
construction and disposed of in accordance with the governing procecdures anrd
specifications., However, there are no records to indicate whether or not these
deficient welds were identified during construction. Most deficiencies for
ASME fabriceted pipe welids were of a surface nature, that is, arc strikes and
spatters. These too should have been removed during construction by Tight
grinding,

(2) Inspection Report 50-327/328 86-13

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 NDE van
reviewed a sample of the TVA reinspection weld data packages and independently
examined a selected number of welds. There were some minor problems in the
reinspection weld data packages that required TVA action to resolve., However,
no violations or deviations were identified during this inspection of TVA
current activities, The staff concluded that the YVA 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 KNRC
welding team reviewed eight followup items that had been identified during
previous NRC inspections; the team was ablie to close seven of those items. The
licensee resolved the remaining open item and it wes reported as closed in
Inspectiun Reports 50-327/328 86-59 and 50-327/328 87-¢1.

The NRC staff found the hardware and documentation for the inspected welding
activities were generally in accordance with requirements ana licensee
commitments, The staff noted a number of weld discrepancies, most ¢f which had
been identifiec and evaluated as a result of the TVA reinspection effort. Thus
the staff concluded that the current TVA welding project reassessment program
was effective in identifying weld deficiencies. However, the staff did
identify a number of 1rregu1ar1t1es, which in most cases related to the
accuracy of weld documentation. These irregularities are summarized below.

’ The inspection guidance provided in drawings and specifications was con-
fusing for supports of instrumentation, electrical, and heating, venti-
lating, and air cenditioning installations as well as pine supports. The
tear could not cleariy identify which supports required yuality Level 1
inspectior and which required Quality Level 2 inspection, Quality Level 1
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inspections require documentation for each weld while Quality Level 2
inspections only require documentation for the compieted support.

' A number of welds were found to deviate from the requirements of the
applicable design drawings. For instance, the drawing required ¢
full-penetration weld while the hardware was installed using a fiare bevel
weld.

Section I11-3 of TVA's revised SNPP provides an action plan that w.11 improve
the gesian contro)l program for Sequoyah when implemented. This plan includes
the reconcilation of “as constructed” and "as designed" drawings to achieve 2
sinale set of plant dréwings. 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 staft was assicted by the Brookhaven National Laboratory (BAL) in con-
ducting this review ana 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 detail and is incorporated
es part of this staff safety evaluation. The principal finding of the Exper”
Consultant Team is that, although there were discrepancies, these discrepancies
were not significent or extensive enough to conclude that the plant was not
ready or unsafe to start up. Since much of this review was performed in 1986,
the staff consultants also reviewed the final element repo.ts on weldina 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
listed below.

(1) During construction of both Sequoyah units, TVA's implementation of the
QA/QC program in the area of welding, while ?eneraIIy effective, was
ineffective in certain instances, For example, a significant 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 desiqn drawings &nc the actual hardware installed were identified.
Notwithstandina these findings, the fact that no welds required repair to
meet design code requirements indicates an overall effective implementa-
tion of the QA/QC progrem in the area of welding.

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

(3) In spite of the deficiencies found in the implementation of the QA/CC
program for welding ectivities, including some that were of & programmatic
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nature, the staff finds thet these deficiencies have not sionificantly
affected the suitability for service of plant hardware.

(4) With the exception of QC inspectors' training and cualification/certif-
ication, the staff finds that other essential elements (i.e., welding
procedures, welder qualification and training, weld desfgn and configu-
ration, and filler metal control, of a sound welding program were
functioning and the resultant hardware is suitable for service,

Therefore, the staf concludes that TVA's welding re-evaluation program has
been carried out aequately and that TVA has demonstrated that the hardware 2s
constructed is sv.tab.e for service, that is, the design load limits for welded
cnnnections have been met. The staff further concludes that restart of both
Sequoyah units «i1] 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 internal control documents
contained in the SNPP:

(1) Combining the requirements ¢f General Construction Locument G-29 and
Process Specification N73M2 inte 2 single document,

(2) Replacing the general construction specifications for each unit with
specific specifications,

(3) Maintaininc indirect quality control of fit up inspection by monitoring
processes as provided 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.

(4) Consolidate inspector training and certification into one program under
the control of a certified Level 111 NDE examiner,

(5) Provide training or orientation to engineers, designers, technical
supervisors, and engineering managers on the content and use of the
internal control documents.

(6) 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.

In a letter datec January 30, 1987, TVA conmitted to an augmented and acceler-
ated inservice inspection as recommended by NRC staff, The inspection proaram
will include the elements listed below.

(1) A 100-percent examination cf the ASME Class 1 and ¢ 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 tne submittal of the revised
plan and the restart of any unit.

A 100-percent examination of the ASME Class 1 and 2 pipe support field
welds will be completed in the first 10-year in-service interval, Those

-
~y
~—

TVYA SER Vol., 2, FPart | 342 Revised Preliminary Report



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.

(3) Major component support welds made in the field on the reactor vessel,
steam generator, pressurizer, and reactar coolant pumps that have been
identified to be examined in the first 10-year program will be completed.
Those welds that remain to be examined will be scheduled for examination
in the next two consecutive refueling outages follewing the submittal of
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