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revised version of this evaluation regarding TVA's Sequoyah Nuclear Perfomance
Plan (SNPP).

The enclosure to this letter forwards a 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 R. (4) Environmental Qualification, (5), Piece Part Qualification,
and (6) Moderate Energy Line Breaks. Of the program elements in the SNPP, all
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ABSTRACT

This Safety Evaluation Report (SER) on the information submitted by the
Tennessee Valley Authority (TiA) in its Sequoyah Nuclear Perfomance 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 programatic aspects for Unit I are identical to those for Unit 2;
the staff will conduct inspections of implementation for those programs. Where
the Unit 1 program is different, the staff evaluation will be provided in a
supplement to this SER.

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

l
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ERCW essential raw cooling water

i ESF engineering safety features
FAR function analysis reports
FHA fuel handling accident4

1 FLR full load rejection
FRC Franklin Research Center

i FRM function review matrix
1 FSAR Final Safety Analysis Report

G/C Gilbert /Comonwealth
'

GDC general design criteria
GOI general operating instruction
HCTTG Heat Code Traceability Task Group
HELB high-energy line break

i HIV hydraulic initiated valves
J hp horsepower

HVAC heating, ventilation and air conditioning<

I I&C instrumentation and control
I&CS instrumentation and control system
IDI integrated design inspection
IE Inspection ard Enforcement
IEB Inspection and Enforcement Bulletin

,

IEEE Institute of Electrical and Electronic Engineers
IMI instrument maintenance instruction
INPO Institute of Nuclear Power Operations
IPCEA Insulated Power Cable Engineers Association
IR Inspection Reporti

IRG independentreviewgroup(TVA)<

| ISA Instrument Society of America
"

JD job description
JTG jointtestgroup(TVA)
kV kilovolt.

i KVA kilovolt-amperes
LW kilowatt
LER licensee event report
LOCf. loss-of-coolant accident
LOOP loss of offsite power

M-K Morrison-Knudsen
M&TE measuring and test equipment
MCC motor control center
HEB Mechanical Engineering Branch (TVA)
MELB moderate-energy line break
MI maintenance instrt+tinn
MOV motor-operated vaive
MOVATS motor-operated valve automated test system
MS military standard
MSIV main steam isolation valve
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! MSLB main stean line break :

| MSVV main steam valve veults :

NCR nonconformance report
; NDE non-destructive examination
j NEB Nuclear Engineering Branch (TVA) :

: NERP nucl?ar experience review program (TVA) ;

2 NMRG Nuclear Manager Review Group :

| NO Nuclear Operations (TVA)
i NQAM Nuclear Quality Assurance Manual

'

hRC Nuclear Regulatory Comission.

NSRB Nuclear Safety Review Board*

NSRS Nuclear Safety Review Staff i

OBE operating-basis earthquake
OC OfficeofConstruction(TVA)

! OL operating license
.'

ONP Of fice of Nuclear Power
P&ID piping and instrument drawing

,

PAM post-accident monitoring
PAR protective action reconnendations !

| PD position description
4 PHMS permanent hydrogen mitigation system

PIR problem identification report*

PMT post-modification testing
PNL Pacific Northwest Laboratory

j PORC Plant Operation Review Connittee
PORV power-operated relief valvesj

POTC plant operations training center'

! PRO potentially reportable occurrence !

QA quality assurtnce j

QC quality centrol
,

OTC Quality Technology Company,

RC radioicgical controls2

RCP reactor coolant pump
;

i RCPB reactor coolant pressure boundary
RCS reactor coolant system

i RDA radiological dose assessment
i REP radiological emergency plan

RG regulatory guide'

i RHR residual heat removal
RIP Replacament items Project
RO reactor operator

i RTG restarttestgroup(TVA)
RTP restart test program (TVA)
S&L Sargent & Lundy ,

SAL Sequoyah Activitiet List;

i SAM seismic anchor novement
: SALP systematic assessrcat of licensee perfomance ,

t SCR significant condition report
SCV steel containrent vessel
SDL shutdown logic

! SER safety evaluation report
SGTR steam generator tube rupture

'

SI surveillance instruction
SIA Structural Integrity Associates

! SIAS safety injection actuation signal
i

j TVA SER Vol. 2, Part 1 xi Revised Preliminary Report
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SNPP Sequoyah huclear Performance Plan
SPDS safety parameter display system
SPS safety procedures statf
SQN Sequoyah Nuclear Diant
SR0 senior reactor operator
SRP Standard Review Plan
SRSS square root of the sum of the squares
SSD self-drilling
SSE safe-shutdown earthquake
STA shift technical advisor
SWEC Stone I, Webster Engineering Corporation
SYSTER system evaluation report
TACF temporary alteration control fonts
TAM thermal anchor movement
TAR test analysis report
TER technical evaluation report
TSC technical support center
TSS Technical Support Section (TVA)
TVA Tennessee Valley Authority
UH1 upper-head injection
USQD unreviewed safety question determination
USST unit station service transformer
UT ultrasonic testing
VCPS vital instrumentation and control power system
WB wedge bolt
WGDTR waste gas decay tank rupture
ZPA zero period acceleration

i

|

!

,
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1 INTRODUCTION
i
;

On September 17, 1985, the Nuclear Regulatory Conunission (NRC) Executive
Director for Operations issued a letter to the Chairman of the Board of s

!Directors of the Tennessee Valley Authority (TVA) pursuant to Title 10 of
the Code of Federal Reculations Part 50.54(f) (10 CFR 50.54(f)). Thi: letter
requested infomation on the actions TVA was taking to resolve NRC's concerns
about TVA's nuclear program. These concerns were divided into four |

categories: (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 Perfomance Plan (CNPP), which was prepared in f
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,

,

Volume 1, in July 1987. !
,

In addition to its corporate plan, TVA is preparing separate alans to address
site-specific problems at eac1 of its nuclear plants. This NRC Safety |
Evaluation Report (SER) c'ocuments 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 resolve these issues. The Sequoyah Nuclear
Performance Plan (ShPP) was submitted on November 1, 1985. Revisions 1 and 2
to the plan were provided to the NRC by TVA on April 1 and July 2, 1987, i

respectively. Separate staff 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 lovel are being implemented at Sequoyah through the Sequoyah Site
Director as well as through TVA offsite organizations responsible for direct
support to Sequoyah. TVA established a Sequoyah Task Force on March 19, 1986,
to review implementation of the corrective actions applicable to Sequoyah, to
in'tiate specific actions to address Sequoyah problems, to monitor and ensure
that a list of all knewn work items has been compiled, and to review the i

process and identification of those items required to be completed before
restart of Sequoyah Units 1 and 2, which were shut down by TVA in August 19M.
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 operations, i

maintenance, design control, and managerent system implementation. The SNPP |

describes the programs and activities planned by TVA to improve performance
in each of these areas.

TVA SER Vol. 2 Part 1 1-1 Revised Preliminary Report I
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I To complete its assiantent the Sequoyah Task Force developed a list of I
Sequoyah plant activlties fexcept for 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
qualityassurance(QA) audits,AmericanNuclearInsurers(Ah!) audits,;

' Institute cf Nuclear Power Operations (INPO) inspection reports, Sequoyah :
I

| corrective action reports (CAR) and discrepancy reports (DR). TVA Nuclear
: Safety Review Staff (NSRS) and Nuclear Safety Review Board (NSRB) reports, |

| employee concerns, Sequoyah reactor trip reports and licensee event reports !

; (LERs), and technical issues identified by TVA's Division of Nuclear !
; Engineering (DNE). !

!(!

i The task force had established criteria (Section IV.2.0 of the SNPP) to
! determine which items were required to be resolved for restart. The staff

has reviewed and accepted this criteria by letter dated June 9,1987. The
task force reviewed the process the line organization used to identify,i r

evaluate, disposition, and close out items and reviewed the adequacy of
planned actions to be taken before S quoyah Unit 2 restart. As new issues y

,

arise and work activities are developed, they are reviewed by Sequoyah <

management to determine their importance to restart. The Site Director must |

approve all new items added to the restart list; however, only the Manager .,

i 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 ;
,

transfer from the restart criteria to use of the Technical Spccifications' t

! for Sequoyah Unit 2 only. All issues previously identified as restart issues
] remained restart items. New issues must be evaluated 6 gainst Technical ,

]
Specification operability requirements. !

| TVA described a number of special programs to ensure integrated corrective i

actions dealing with problems created by deficiencies in the past conduct of,

activities. Section 111 of the original SNPP identified special programs that
needed to be resolved before restart of Sequoyah Unit 2. These include

| programs to: j

j complete the documentation and resolve electrical equipment'

'

i environmental qualification questions initially raised at the
'time Sequoyah was shut down'

4

verify the adequacy, with regard to safe plant restart, of past*

f 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'

1 ;

j complete system analyses where proper design documentation did i*

; not exist in the past

i :

I verify the adequacy of piping and supports that were not* '

| rigorously analyzed and where alternate analysis methodology has
j been poorly applied in the past j
,

l <

l I
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.

resolve any differences in the effects of increascd temperatures* ;

during main steam line breaks engendered by revised vender !
:

| analysis ;

' ;

) resolve identified areas of noncompliance with 10 CFR 50,*

i Appendix R, fire protection requirements
-

assess the adequacy of the welding program at Sequoyah, an issuei
4

*

| raised through the employee concern program j
,

i examine issues with regard to instrumentation sense lines* -

! Since the original issuance of the ShPP, TVA has added other spe:ial programs
i to Section III of the plan. These include programs to:

I determine if a problem exists with regard to pipe wall thinning,*

sinilar to that which led to a pipe rupture at the Surry Nuclear
Plant !

.

; establish a Restart Test Program'

1 ;

review replacement components and parts and resolve those thatJ '

do not meet the same quality requirements as the installed j
: equiptent ,

j ,

assess the adequacy of cable ampacity design calculations |1
*

l

{
resolve cable pulling concerns such as sidewall pressure, bend .

*

1 radius, jaming, and overpulling [
!

j correct a nisapplication of actuator fuses :*

resolve an apparent noncorformance with 10 CFR 50, Appendix A,'
:

involving containment pent trations -

;

i

l There are other programs as well to consider miscellaneous civil engineering .

'

issues, moderate energy line break flooding, containment coatings, ECCS water

')| loss 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 i nay not be complete until after ;

; Unit 2 restart. i

1
.

1 The programs mentioned above are evaluated in Sections 2 through 4 of this !
evaluation. They have been grouped into three sections: adequacy of design,'

special programs and restart readiness.

| Another major problem area included the concerns expressed by TVA employees !
! regarding the quality of TVA's nuclear' activities. The programs relating to i

] employee concerns are briefly described in Section 5 of this evaluation, i

; The staff performed individual safety evaluations for the resolution of |

i specific concerns; these will be addressed in Part 2 to this SER. ;
1

The NRC plans for handling allegations is discussed in Section 6 of this i

evaluation. |
i i

1 i
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2 ADEQUACY OF DESIGN
4

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 configuration in accordance with that basis. TVA's
efforts to strengthen its design control programs and to assess the effects
of past weaknesses on the plant are discussed below. '

In addition to TVA's efforts, the staff also conducted an integrated decign
inspection (IDI) of the Sequoyah essential raw cooling water system. The IDI
was to provide added assure,nce to the NRC that all major design and construc-
tion problems had been identified and resolved before Sequoyah Unit 2 restart.
The review focused on interfaces throughout design, engineering, construction,
and operaticos. The inspection indicated the need for the licensee to pursue
further corrective actions, most notably in the area of civil engineering.

The IDI is further discussed in Inspection Reports (IR) 50-327, 328/87-52 (IDI
As-Euilt Walkdown) 87-48 and 87-74. Further information is also provided in
TVA letters of October 29 and December 29, 1987, and March 2, 1988.

2.1 Plant Mooification and Design Control

2.1.1 Introduction

In June 1985, TVA's Office of Engineering initiated a major restructuring of
its design control program to replace a confusing array of redundant and

,

overlapping procedures with an Engineering Program Directives Panual and a
site-specific Project Manual. TVA had an independent contractor, Gilbert /

,

Comonwealth (G/C) assess the adequacy of the new Sequoyah design control
' progran.

NRC concerns regarding the generic implications of the design control process ,

were octeiled in the 10 CFR 50.54(f) letter dated September 17, 1985. In this I

letter, the NRC also requested that TVA provide a detailed description of the |
,

;

design control survey being conducted by G/C for TVA, including a discussion.

of any generic inplications on plant design. In response to this request. TVA
submitted a report of the status of the design control program as Part V of'

the original SNPP. In this docunent. TVA stated that the design process
confomed to then-existing guidance, stanoards, and regulations.

The G/C survey was completed during October 1985 and submitted to the NRC on
June 27, 1986. The survey detennined that the then-current design control I

program was adequate, with three exceptions: (1) the need for reliable i

infomation on plant configuration for engineering personnel, (2) the need for
increased emphasis on the documentation of design inputs, and (3) the
requirement for completed design work to be reviewed for potential unreviewed

j safety questions,
i

j in its review of the survey, the staff noted that the scope of the G/C review i
'

was limited to the Sequoyah design control program irplemented after June 1985..

! TVA SER Vol. 2, P&rt 1 2-1 Revised Preliminary Report
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Thus, the survey did not assess the completeness of the previous design
control 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 subsequently
contracted G/C to rev1ew 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 original design inputs and conform to
applicable codes, standards, and regulatory requirements.

During a meeting on December 12, 1985, the staff raised concerns about the
adequacy of the controls on plant configuration with a "two-drawing" (as-
designed and as-constructed) design control systen. TVA cont,itted to initiate
a survey to assess the plant's current configuration to ensure that unreviewed
safety questions did not exist. This survey was performed on a representative
sarple of three plant systers. The survey showed that unreviewed safety ques-
tions would r*sult with two codifications if they were not completed or
analyzed before restart. Additional weaknesses found in the configuration
control program ircluded inaccurate status of engineering chance notices, poor
control of as-constructed drawings in the control room, and a large backlog of
changes that had not been irplemented and changes that had been implemented but
not administratively closed out.

The staff insucted the second G/C review and the TVA survey (see IR 50-327,
328/86-27) during the final stages of these efforts. TVA submitted the reports
of these reviews to the NRC in a letter dated June 27, 1986. The inspections
confirmed the inadequacies identified in the reviews and the TVA survey and
raised the following additional issues:

In several cases, standard industry codes and practices were not*

followed in the samples of original design examined by the NRC staff
in conjunction with the review of the G/C effort.

Some disciplines did not have calculations available to support the*

| original design basis.
j

! Temporary alteration procedures had been used for permanent design*

redifications and managerent controls did not provide for engineering
review and closure.

1

There was not adequate design evaluation and documelitation of seisnic'

requirerents in some instances.

In five cases, design modifications violated the assumptions or the*

statererts contained in unreviewed safety question determinations.

In addition to the above reviews and inspections, TVA's Corporate Division of
Nuclear Engineering assessed an evaluation conducted by INFO and an internal1

{ evaluation of Sequoyah design control problems. TVA concluded that design
control problems did exist and that the primary cause of these problems'

related to a lack of a comprehensive and integrated program to control design ,

configurations during plant cperations. Since licensing of Sequoyoh, TVA had i
gone to an owner / operator concept where operations, rather than a centralized
engineering crganization, controlled plant modifications--including design
work--tn the extent of selecting the rnodifications to be implemented and the

4
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'

i

engineering organi:ation to use and releasing funds for the engineering design i

; work. ;

The Sequoyah Nuclear Performarce Plan (SNPP), Part II, Section 3, addresses
j problems with the control of design changes and plant modifications and
j provides an action plan for improvements in the design control progran.
i According to TVA, the weaknesses in this area, including the failure (1) to i

| thoroughly document engineering work for design changes and (2) to raintain
-

4 consistency between "as-designed" and "as-constructed" information, were ,

j attributed to the following: !

!

| organizational problems (addressed separately in the revised* .

j Corporate Nuclear Performance Plan and Section 11.1.2.5 of the SNPP)
s

1ack of adequate design controls and coordination of planti *

modifications that were done on a drawing-by-drawing basis'

the inability of Sequoyah personnel to follow thrcunh in a tirely*

manner with the pape merk associated with changes
3

!

! a two-drawing system, where the as-censtructed drawings were*

maintained at the plant and as-designed drawings were raintained by
.!,

the Division of Nuclear Engineering at TVA headquarters

I the failure to maintain current design criteria and design basis ),*

J information

the large scope of sore modifications and the associated work plans
'

*

needed to implerent the changes
,

i To correct these weaknesses in the design control area TVA proposed the
i fo11 ewing actions: ;

.

; revise the design control process to provide improved control of '
*

; future design changes and plant modifications |

improve plant drawings to properly reflect past changes in a legible i*

manner j

| establisn the design baseline and verification program (DBVP) to assess*

]
the adequacy of past modification work and to correct deficiencies

] review essential design calculations to provide definitive design basis* '

I

|

| The DBVP and calculations review programs are diseussed in more detail in |

1 Sections ? 2 and 2.3, respectively. The remaining aspects are discussed below. !

!

j 2.1.2 Evaluation
1
: TVA has acknowledged problens with control of plant design changes and is
i irplementing an improved design change control program at Sequoyah. Design
j control problems identified through employee concerns, external reviews such as

those performed by G/C and the Institute of Nuclear Power Operations (INPO),;

j and NRC inspections are being individually addressed and corrected. TVA's
1
i
i TVA SER Vol. 2 Part 1 2-3 Revised Preliminary Report
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{ action plan represents a significant enhancement to the design control process.
Adequate controls appear to be in place for any mcdifications perfomed during ;'

the transition phase as discussed in IR 50-327, 328/87-42, !4

f
' TVA's improved design change control program will be implemented in two phases j
,

j for current and fusure plant modificatiuns. :

i
The first phase is to be irplemented before restart of SQN Unit 2 and includes >

a change control board and a transitional design control system. The change f

i control board consists of senior Sequoyah personnel who will provide overall |

ranagement control during the transition period. The board will (1) evaluate
;

existing and proposed redifications to minimite changes, (2) review plant'

redifications to ensure that line nanagers are accomplishing (the changes inaccordance with adequate design and configuration controls. 3) ensure that i

necessary interface and control procedures exist to maintain design integrity, v
'

and (4) ensure that the status of design and plant irplementing documents
associated with modifications is kept current. The transitional design control !'

system will be based en modified TVA design control procedures. This process -

|| will require that design changes that are to be implemented be contained in !

j complete packages specific to the sopropriate unit. This will facilitate the !
reviews required to ensure that each change has been quality engineered, that ,

,

j it can be installed and tested, and that documentation and safety analyses are
i complete and based on actual plant configuration. A task engineer will

coordinate these efforts.

In SNPP Section 11.3.3.2, TVA indicates that one of the major keys in ,

maintaining design control is a single, stand-alone plant modification package.
This modification package will include a unique rodification number, a
description of the change and the reason for it, an unreviewed sefety question }
determination (USCD), and installation and testing recuirements. I

<

!,

TVA noted in Appendix 2 to the SNPP that many configuration markings on !

as-constructed drawings in the main control rocm were ambiguous, illegible, >

and incorrect. TVA established a program to: (1) check all configuration
.

rarkings for accuracy, (2) correct legibility problems, and (3) develop an ;i

) improved drawing systen. This effort complemented the first phase of the new i

|
design control progra.ns. However, during its inspection in April 1987, the :

1 staff identified two items of concern in the area of drawing control: the
! adequacy of primary and critical drawing licts and the adequacy of the temporary L

change process. The first item was resolved in IR 50-327, 328/87-65; the latter !i

| 1s a violation (87-65-03). TVA responded to the violation by letter dated !
! February 16, 1988, and comitted to seccnd-party verification nf changes to !

;

| control room drawings. The staff has evaluated TVA's response and has found
| it acceptable (see IR 50-327,328/88-19).
.

The second phase in the development of the improved design control program will
! be to establish a parrenent design control system based on tha plant
i redification package concept. A precedure will be developed to ensure a '

; conprehensive and focused evaluation of modifications and proper impler.entation
j and follow through. Enhanced c?pects of this program include the use of the :

! actual plant configuration for design, upoated design criteria, accurate [
reflection of the modification in licensing docurents, and an integrated.' ;

project-oriented approach to Sandle changes to the plant, as opposed to the !
fragmented work-plan approach used in the past. |

!

,1 t
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The pemanent design control system will provide additional enhancement to the
design control process. However, the staff recognizes that timeliness of the

i implementation of the pemanent design change program is of concern to plant -

safety. TVA subnitted additional infomation regarding its schedule for
implementation of the permanent design control system in letters dated'

! December 11, 1986, and February 27,1987(a). In the December 11, 1986 letter,
j TVA comitted to consolidation of the "as-constructed" and "as-designed"

.

information on DBVP primary drawings before the end of the second refueling
i outage after restart of Unit 2. The staff finds this commitment acceptable

because (1) the first refueling is presently planned for several renths after
restart and (2) in the interir, the actual configuration will be depicted on
marked-up drawings available for engineering and operational purposes. By
letter dated Dectrber 15, 1987, TVA stated that Division of Nuclear Engineering
procedures, which were needed to establish the process for preparing Sequoyah
implementing procedures, have been implemented. Site level procedures and
training will be completed by March 31, 1988. The staff finds this schedule '

for transition acceptable.

TVA has not connittec to implement a single drawing systen for drawirqs other
than DBVP drawings which are used by operations to operate the plant (primary
drawings such as P& ids). Other drawings will apparently be produced enly as
needed to support modifications. The staff believes that a more comprehensive ,

approach, which includes scheduling details and identification of all other
drawings to be nairtained as configured, is reeded, in a letter dated
April 1, 1987(a) TVA stated that the details regarding comprehensive scheduling
of drawings to be raintained as-configured is still being developed. The staff
considers this item to be a post-restart issue.

| 2.1.3 Conclusions
!

On the basis of the findings as doeurented in IR 50-327, 328/87-24, 87-65, and
88-19, the staff concludes that TVA has taken the appropriate steps to correct !

ldesign (catrol problems at Sequoyah for restart.,

I

2.2 Design Baseline and Verification Program

2.2.1 Introduction'

TVA's special design baseline and verification progran (DBVP) to assess the;

effect of past weaknesses in desion and configuration control and to identify .

Iany corrective actions that may be required is addressed in SNPP Secticn 111.2.

TVA forwarded the original documentation for this program as an enclosure to a !
June 27, 1986 letter to the NRC. In addition to this submittal TVA presented I

an overview of the DBVP to the staff at a public meeting in Bethesda, Marylar,d,

on July 17, 1986. The description of the program was cubsequently revised and
supplemented by a TVA letter dated December 31,1986(a).

The intent of this program is to provide additional confidence that the plant4

meets its original licensing bases. The program includes (1) verifying and
esteblishing plant configuration; (2) reconstructing the design basis;;

(3) reviewing and evaluating, against the desien hasis, those modifications
i made since the operating license was issued; and (4) performing required tests
4 or modifications developed fren this review,
i
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This program has four major areas:
'

!

The development (or updating) of design criteria for both systems and' '

generic plant design required for the pre-restart phase. This will in- '

4

clude an evaluation of the inclusion of licensing commitments in design- :

basis documents.

System walkdowns and/or test reviews, within the progran boundaries to i*

verify the configuration and proptr functional arrangements as depicted on }
'

|
primary control room drawings are corroet.

I The evaluation of facility redificatio1s that have bee implemented or !*

proposed since the operating license was issued to determine the ter%ical-

adequacy of the modifications against the (updated)-design-basis ,

docurents. Additionally, the status of engine $ ring change notices (ECNs)
y

i were assessed to ensure that those notices b have been partially ;

j implemented, or not implemented at all, do e r reduce the system's ability |
to perform its designated safety-related function or violate a licensing ;

comitment. ;
; .'

) System evaluations, on the basis of results produced from the modification !*

evaluation and walkdowns, to determine whether the systems, as modified. [

accidents and safe shutdown) gn requirenents (relative to FsAR Chapter 15fulfill their functional desi :

and licensing comitments.
;

TVA also plans to extend its assessment of ECNs outside the scope of the !I

| progran to verify that an unreviewed safety question has not resulted from
) a failure to implement or complete such changes.

,

i

! 2.2.2 Evaluation ,

i

The DBVP is being implemented in two phases. The pre-restart phase is limited !
to those systems, or portions of systems, required to mitigate accidents i

i acdressed in Chapter 15 of the Final Safety Analysis Report (FSAR) or to |

| provide for safe shutdown. (This defined scope does not include all
safety-relatedcomponentsandsyster.s.) The post-restart phase continues

| engineering activities within the pre-restart phase that TVA considered not |
essential to safe restart but are necessary to correct identified design ,

;

control problems. This phase will also extend portions of the progra's to |;
L

1 other safety-related systems.
;

'

j Scope of Pre-restart Phase
< i

| The staff evaluated the adecuacy of the scope of the pre-restart phase of this ,

: progran as presented in the dure 27, 1986 submittal. Phase I applies to Unit 2

|
and common portions of the required systems.

] During this initial review, it was not clear to the staff as to why: !

i (1) TVA chose to include only that portion of the ice condenser required i
j for containment isolaticn
,

| (2) the hydrogen analyzer and the pertnanent hydrogen ritigation system
; (PHMS) were not included as part of the hydrogen nitigation system
1
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(3) the auxiliary feedwater suction and recirculation piping from the
condensate storage tank were not included

1

in addition, on the basis of the system descriptions submitted by TVA, the e

staff could not verify that the main , team isolation velves (MS!Vs) were
included in the program scope,

in its response dated December il,1986, TVA adequately clarified the staff's
concerr, relating to the auxiliary feedwater system in that the essential raw
cooling water provides a safety-grade supply of wr.ter to the system and minimum;
flow requirements are provided 5.hrough a branch line ccntaining a ficw
restricting orifice. These features were examined under the DBVP. In f

i addition, TVA confi ned that the main steam systen from the steam generators
through the MSIVs and the it.ain stean check valves were includtd in the DBVP.

While TVA identified the ice condenser as a system to be addressed in Phase 1
of the DBVP, only that portion required for containrent isolation was included.
It was the staff's position that tto cortion of the ice condenser system in the

| DBVP Phase I shculd include all flerents and components of the ice condenser
that, in concert, enable the 5)stcm to perform its safety function (e.
doors, drains, seals, baskets, structurai frerrbers, isolation barriers)g.,| With.

regard to the hydrogen analyzers and the PHMS, TVA had excluded those items
'frcm the pre-restart portion (Phase 1) of the DBVP on the grounds that they

are rot needed +o nitigate FSAR Chapter 15 design-basis acci & nts, which was
the : election at Nrion developed by TVA. Although the staff concurred with
the TVA conch t 1'n that the hydrogen analyzer:. and the PHMS are not needed to
mitigate FSAR W ar 15 design-basis accidents. it was the staf f's position
that, in view of the ice condenser containment design vulnerability to
hydrogen, dasic.n features related to hydrogen are sufficiently important to
warrant review as part of the DBVP Phase !. Furthermore, since various

; independent reviews of TVA desico programs had concluded that design control at
Sequoyah was particularly weak after the operating license was issued, it is
prudent to include it in the pre-restart phase because the PHMS was designed
and installed after the license was issued. In its response dated ;

,

February 27, 1987(a), TVA proposed additienal technical assessrent of thesi

items (the ice conderser. PHMS, and hydrogen analyzers). With the additir f
3 these itens in the restart pertion of the DBVP, the staff concluded that t.
,

f

: scope of systems being reviewed is sufficient to ensure the design adequeg
1 requisite safety systems.
,

| The staff had roted in its January 20, 1987 evaluation that TVA was consides J
safe shutdown to be defined as hot stardby for Sequoyah. The staff considered
this inconsistent with its earlier position taken in NUPEG-0011 and its

j Supplerent 1. These NRC doeurente discussed compliance with Branch Technical !

! Position (BTP) PSB 5-1 (NUREG-0800) for reaching cold shutdown . tith safety ;

grade systems. TVA responded in a letter dated February 27,1987(a) Get'

Sequoyah's RHR syst(m does not rcet the recuiretrent for rehieving cold shutdown
-;

'

! with safety-grade equiprent and that this was reccgnized by the staff in
; NUREG-0011. Based on furthe* review of NUREG-0011, the staff agrees with
! TVA's interpretation that Sequoyah's design basis is het standby, The staff,
: therefore, considers that the pre-restart scope of the program is acceptable.

! Ouring M* inscection, the staff identified an eren item relating to whether
proper function of lah and instrunentation could be verified durirg

;
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|

walkdowns. In response to this concern, TVA noted that electrical and
instrumentation and control attributes were verified through various other
mcthods, including; 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 program; a separate fuse verification
program, and a sampling walkdown of instrurent sensing lines. These |

activities satisfactorily resolve the staff's concern regarding the scope of
'

the electrical walkdowns.

The staff had also identified a concern regarding the inclusion of only plant
inodifications made since licensing and not extending the review to include the

original plant design. These observations were considered open issues and were
sent to TVA for resolution in a staff letter dated September 9,1986. In a
response dated December 11, 1986, TVA presented the basis for the DBVP scope.
As stated by TVA, other prograns in the SNPP address specific pre-OL 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 systen selection for Phase I of the DBVP are
acceptable.

TVA defined the scope of the post-restart (Phase II) 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 essential to issuing an SER
that addresses the acceptability of TVA's programs to support restart of
Sequoyah Unit 2. An evaluation of the Phase 11 program will be issued by the
staff at a later date.

TVA Independent Oversight Review

As an integral part of its DBVP, 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 thrcughout
Phase I and is comprised of a multidiscipline tean of senior experienced
technical personnel (EA team). An in-depth description of the independent
oversight review process and its results is contained in TVA Report EA-0R-001,
"Engineering 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 overall approved progran plan, in accordance with the
approved procedures established for the DBVP, and by personnel trained for
the specific activity being confirmed / validated.

Confirn the functional and technical adequacy of the system evaluations
and the completeness / correctness of the supporting dccumentation.

Verify that the corrective actions resulting from the TVA evaluations ;

have been implemented and documented. i

Verify the adequacy and effectiveness of the transitional design change*

control methodologies and procedures. '

,
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A supplemental report by EA team was forwarded to the NRC by letter dated
October 23, 1987. The team'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 DBVP were correct,
adequate, and in accordance with program procedures.

The DBVP project demonstrated the functional and technical adequacy of
modifications by providing and/or identifying supporting documentation
and justifkGion to establish that modifications comply with the
re-establi+ 5ed restart design-basis requirements.

Reconciliation of 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
cecisions that were different from what was reported in the system
evaluation reports were justified and appropriately documensed in the
system closecut statements.

The transitional design 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 adequate level of supporting documentation was made available in
the process without additional rework. Tighter project nanagement
controls will be required to ensure procedure compliance. The EA team
will contincc to monitor this area as part of the DBV Phase II oversight
activities.

The team concluded that there are no apparent programatic weaknesses remaining
to be resolved with the program as 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 effective and |
thorough effort. The EA oversight resulted in both programatic improvements |

and identification of technical shortcomings 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 significant 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 Sequoyah.

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 scope, 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 D3VP.

NRC IR 50-327, 328/86-45 sumarizes the NRC's review of TVA's compilation and
implementation of the comitment/ requirement data base, the design criteria
which TVA prepared to support SON restart, and the adequacy of EA's
independent oversight review of comitments/ requirements and design 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 TVA's actions
regarding findings identified during previous inspections of the DBVP and
during inspection of the G/C and TVA "3-system" design control reviews
(see R 50-327, 328/86-27).

NRC IR 50-327, 328/87-14 summarizes the staff evaluation of the System
Evaluation Reports (SYSTERs) reflecting the DBVP's integrated 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 NRC inspections (irs 50-3?7, 328/87-06 and 50-327, 328/87-27) were
conducted to evaluate TVA's assessment of the technical adequacy of
calculations, since this aspect was not evaluated by the DBVP. The calculation
review progran is further discussed in Section 2.3 of this evaluation.

Through these inspections, the NRC has had direct and continual involvement in
the monitoring and overview of TVA's design control programs, including the
DBVP. NRC inspections have bean performed at the corporate engineering
offices, contract engineering offices, site engineering offices, and the plant
site. All phases of the DBVP program have been monitored through a sampling
inspection program it.cluding preparation and implementation o' reviews,
resolution 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 oversight review as part of its
effort to correct past design control deficiencies identified by employee
concerns and design control reviews, including those identified by
G/C, TVA, and NRC. These programs provided substantial additional information
that has allowed the staff to conclude that design control problems at
Sequoyah are being corrected and that once the defined corrective actions are
completed, the plant will conform to its licensing basis. Moreover, the staff
agrees with the EA team in that the pre-restart phase of the DBVP has been
fully and effectively implemented. However, the staff will review the
transitional design control system during its review of the Phase 11 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
inadequate 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) verifying
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 a safe
shutdown condition, or (3) result in a release of radioactivity off site in
excess of a significant fraction of the 10 CFR 100 guidelines.

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

,

2.3.1 Nuclear and Mechanical Calculations

TVA's Nuclear Engineering Branch (NEB) and the Fechanical Engineering Branch
(MEB) reviews implemented each of the obiectives of the DNE calculation review
effort.

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

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

To assess technical adequacy of the essential calculations, NEB 1. '911y took
a sampling 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 perforred by
Safety Systems Section received a 100-percent review. As a result of a random
sample in the other sections, NEB determined that there were numerous errors
in the pre-1985 calculations performed by the Radiation Protection Section.
Additional samples were taken in this area as a result. The scope of the
review program also 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 adecuacy 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 21 were essential). These have been
corrected with no effect on 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 list of MEB essential calculations, a general list of
calculatirns necessary to support the mechanical design of a nuclear power
plant was developed. MEB determined that 111 calculations were "missing" from
the total set of 597 calculations determined as essential to the Sequoyah
design. The staff noted that several calculations listed in the calculation
log were obsolete or superseded. Therefore, MEB had to regenerate the missing
calculations and identify the controlling calculations. The missing calculations
were all regenerated. No equipment or hardware changes were required as a
result of regenerating these calculations.

MEB initially sampled 55 previously existing essential calculations to assess
their technical adequacy. Six of these were determined to be unacceptable;
three in the heating, ventilating, and air conditioning area involving improper
heat load input and three in the area of heat exchanger aralysis involving
inadequate use of vendor data for calculations involving "off-design" condi-
tions. These calculations were identified as common-cause deficiencies and the
subject calculaticns 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 additional calculations were identified as unacceptable (these
calculations were then revised). TVA then decided to perforn 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 SQTCR 008-1, Revision 0, "MEB Calculation Technical Adequacy
Review." This report was reviewed by the staff in IR 50-327,328/87-64. Of
the 335 calculations reviewed, all 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
Sequoyah restart. SWEC cor.cluded that the MEB calculations that were reviewed
were generally of high quality and supported the Sequoyah design basis. |

|

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

NRC inspections monitored the implementation of the mechanical calculation
revieu effort. Although one additional calculation regarding HVAC adequacy
during a loss of all ac power was considered missing, the staff considers that
there is a high confidence that calculations needed to support the Sequoyah
design are in place.

TVA's engineering assurance organization conducted in-process technical reviews !
of the calculation reviews. NPC inspections observed this oversight and !
considered it to be effective in monitoring and controlling the calculation !
review.
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Deficiencies, which were identified during the calculation review efforts, 7te
being tracked for resolution by TVA's condition adverse to quality (CAQ)
process. The staff determined that TVA was appropriately applying the
documented restart criteria for scheduling necessary corrective actions.

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

2.3.2 Civil 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,
SQN-DC-V-24.2 to define in detail the FSAR requirenents to which all3

safety-related pipe supports 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 to establish priorities for implementation
of pipe support nodifications identified by this review program. These restart
criteria are presented in criteria document CEB-CI-21.89 (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. All supports
must satisfy the restart criteria before restart of Sequoyah; the present
schedule for compliance to the long-term criteria is the end of cycle 4 for
Unit 2 (see October 6,1987 subnittal).

Some problems were found in other civil engineering areas as well. These are
noted in the inspection reports on the calculation program and will be
addressed by the staff as post-restart items. In addition, the NRC staff's
IDI identified a number of issc:= with TVA's civil calculations. These issues
have been resolved by the staff for Muoyah restart. The details of the
resolutien of remaining items in the civil calculation area are discussed in
irs 50-327, 328/88-12 and 88-13. The statf will provide an additional
detailed evaluation of the civil engineering calculation program in a staff i

post-restart inspection report. All pre-restart iters in the civil calculation ,

area have been resolved.

2.3.3 Electrical Calculations

2.3.3,1 Introduction

As a result of deficiencies first identified to TVA by INP0 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, and as a
result of a number of employee allegations, the staff was concerned about the
adequacy of the electrical system design at Sequoyah. Because of this ;
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concern, TVA reviewed the design calculations at Sequoyah and found the
deficiencies listed below:

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

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

(3) existing 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
prepared informally during the design period. As a result, calculations were
not officially documented or controlled, and those that were documented were
not kept up to date.

Because 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 operation and to document the adequacy of that design. This
program requires necessary electrical calculations to be performed and design
control procedures and a design change review program to be established.
Foreove*, TVA contracted with the Sargent & Lundy Company (S&L) to perform an
independent assessment of its electrical calculations program. This assessment
was to provide additional assurance that all the electrical calculations
necessary to support plant restart have been identified ar,d are exitting,
current, retrievable, and technically correct. S&L would also identify any
additional electrical calculations necessary to fully document the design basis
of the plant.

In late 1985, TVA identified a mininum set of electrical calculations that need
to be in place and up to date to support Sequoyah restart. During
January 14-16, 1986, the staff visited the Sequoyah sit. to review a draft
scope of the minimum set of electrical system calculations and evaluate whether
the scope included all pertinent onsite power system calculations necessary to
support restart. The staff also assessed the adequacy of calculations with
regard to approach, level of detail, and documentation. Each TVA systen
reviewer responsible for a particular analysis was present during the visit to
explain the assumptions, methodology, and sources of data. The staff was
provided with samples of the calculaticns and the occumentation so that it
could evaluate the calculations.

Subsequently, on February 27, 1986, TVA submitted a report entitled "Electrical
Calculations Progran for Sequoyah Nuclear Plant." This report provided a brief
discussion of the Sequoyah electrical calculations program and presented the
analyses for the systems listed abcse. 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 required corrective actions.
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TVA stated that additional information would be forthcoming to discuss the
corrective actions taken for each SCR. This information was subnitted 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.

On the basis of comments nede in the S&L Report made in response to TVA's
submittal of February 27, 1986 describing its Sequoyah Electrical Calculations
Program and NRC inspection findings during the DBVP inspection (IR 50-327,
328/86-55), the scope and detail of the minimum set calculations were narkedly
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 NRC reviewed this revised progran both by field inspections during
February 2-13, 1987 and by review of the program and of specific calculations
in Bethesda. These reviews are documented in IR 50-327, 328/87-06 dated
April 8,1987 and in a NRC letter, Youngblood to White dated February 10, 1987.
Also TVA's internal Engineering Assurance group produced two audit reports,
EA 86-23 and 97-09. Based on comments in these documents, TVA again revised
the scope and methods of the Electrical Calculations Program. The sccp7 and
results of this progran were documented in a TVA letter datef June 12, 1987
which also provided updated status on correction of deficiencjes 161 :ified
already.

The NRC continued its review of the Electrical Calculations program during
field inspections in June and Octnbar 1987 which are documented in
IR 50-327, 328/87-27 dated August 24, 1987 and IR 50-327, 328/87-64 datcd
Februa ry 23, 1988. Certain 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 is documented in subsequent subsections
of this report and include the followir.g specific arsas:

(1) Auxiliary Power System (APS)

load analysi:'

* voltage calculations

Class 1E motor control center (MCC) control circuit and cable*

length calculation ,

diesel generator load analysis

(2) Control Power System

125-volt de vital instrument power systen 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 seismic effects*

(4) Raceway Systems

justification for use of TVA's ampacity tables and justification'

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

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 18, 1988, TVA provided a status report which noted
that corrective actions required 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 on the
correction of deficiencies identified in the calculation program and identified
additional 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
is 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 Cyclo-4
refueling outage.

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 program which are not required to be
corrected until after Unit 2 restart, the staff concludes that the progran has
accomplished its purpose. The staff notes that TVA has comitted to expand and
fomalize its calculation control program over the long-tem to cover all
calculations, not just those identified as the essential minimum set. The staff
relies on this comitrent as the most effective reans to assure that TVA's
electrical calculations required to assure safety are maintained in the
acceptable condition that the present program has established. Further, this

conclusion 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 and there are a number of long-tem progrens TVA has comitted to under-
take after restart. These are listed in the various documents cited above.
Expeditious completion of these long term comitments was assumed in the staff's
evaluation of the adequacy of Sequoyah'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 if it was complete relative to the stated purpose, if the assumptions
were appropriate, if the applied rethodology was correct, and if the results
were reasonable to ensure the adequacy of electrical calculations and of
documentation. The staff's individual evaluations are discussed below. The
staff also audited other calculations including lighting systems and grounding.

2.3.3.2.1 Auxiliary Power System

(1) APS l.oad Analysis

Before determining the adequacy of APS voltaces through calculation, TVA
conducted an APS loading analysis for the 6.9-kV unit boards and the 6.9-kV
and 480-volt ac Class 1E boards to account for and to dccument the power
distri'cution 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 0/A controlled document. For each mode of
operation, TVA reviewed the latest as-built drawings and system functional
diagrans to determine the loads on each board. The loads were further
identified as being either off, running, 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 92 hours after a
normal shutdown. The load analysis listed all the equipment, its operating
status according to its operating mode, and the load represented by the
equipment. The sourcee, of information included the single-line diagrams,
schematics, and design 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 staff concludes that the load analysis is comprehenrive,
sufficiently detailed, and acceptable to be used as the basis for beard loadings
for the steady-state and transient voltage calculations. The NRC stiff notes
that 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 t11s effort ;

as part of its DBVP inspection and IDI. Deficiencies identified have been |

corrected and the load analysis is acceptable. |
I(2) APS Voltage Calculations

TVA performed APS voltage calculations to determine and document the following: )
l

steady-state voltages at 6.9-kV switchgear buses for unit startup,*

full-load operation, normal shutdown, and emergency shutdown with maximum
and minimum unit generator /offsite power supply voltages

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

motor tenninals for design-basis conditions and minimum offsite power
system voltages ;

|
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transient and steady state voltage profiles for all Class 1E buses and I
Imotors for operation on emergency diesel-generators with no offsite pow-

available. I

optimum power transformer voltage tap settings !

adequacy of present degraded voltage relay set point selection
i

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 comput.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 voltage
calculations.) These computer packages are listed below: i

RADIAL was used to calculate transient / steady-state voltage at all'

6.9-kV unit and shutdown boards interfacing with the plant from
the grid. |

VOLT was used to calculate transient voltage at each 480-volt at
Class 1E board and to sum the 480-volt ac system board leadings for use
in the 6.9-kV system calculations.

VOLT 2 was used to calculate 480-volt ac level steady-state voltage, i

lt determined the starting and running voltage of every load for the l

condition of minimum source voltage and r.aximun bus loading. |
|

TVA developed cable and lead data files based on the APS configuration, cable
parameters, and the loads determined by the loading analysis to perfonn the APS ,

voltage calculations. These data files were used in the computer programs |
listed above to calculate the APS voltages. The results are shown in I

'Tables 2.1 and 2.2.

TVA performed the load analysis to ensure that the voltages on the 6.9-kV
shutdcwn boards (Class 1E) would remain within the degraded voltage set points
(6560 volt to 7260 volt) and all 6.9-kV Class 1E motors would have adequate
starting and running voltage. The results of the analysis indicated that
during operation of either or both units (1) the acceptable range for the 161-kV
grid voltage would need to be from a minimum of 159 kV to a maximum of 166 kV |
for each conrnon station service transformer (CSST) with taps set at 0.975
(-2.5 percent) and (2) the main generator voltage should be limited to 24.8 kV l
to linit 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 load 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 shutdown boards and that all 6.9-kV Class 1E motors
will have adequate starting and running voltages.
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Table 2.1 Calculation Results for the 5.9-kV Class 1E
Shutdowii Boards

,

..

Range of Shutdown Board *

Grid
Case Tap (%) Voltagt: Time Voltage

Maximum Load - CSST** a t 159 kV, min.
Unit 1 - -2.5 T=0 sec 6118 to 6574

full load rejection, T=10 sec 6631 to 6692
Unit 2 - T=2 min 6718 to 6915

safety injection with
Phase B isolation

Minimum Load - CSST at 166 kV, max. 7245 to 7262
cold shutdown -2.5

During normal USST*** Main generator 7212 to 7245
operation at +2.5 at 2.48 kV

Time delay trip set point for degraded grid voltage for the 6.9-kV*

shutdown boards is set at 10 seconds at 6560 volts.
** CSST - common station service transformer.

*** USST - unit station service transformer.

Table 2.2 Calculation Results for 6.9-kV Class 1E !

Motors for Maximum Load Case
__

Starting Required Steady-state
terminal starting running
voltage voltage voltage

Motor per unit per unit * per unit

Auxiliary Feedwater Pump 1A C.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 0.960
Residual Head Removal Pump 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
0.765 0.969Centrifugal Charging Pump 1A -

0.765 0.970Press HTR Group 1D -

Essential Raw Cooling Water 0.857 0.765 -

Pump R-A

Rated at 80 percent.*

s
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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 degraded 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 the
time delay was analyzed and found consistent with the plant design basis and
that the necessary modification (ECH L6648) has been authorized. The resolution
for the main feedwater isolation valves involves the installation of eight new
cables and eight new solenoid vahes 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 restart item for Unit 1.

The staff has reviewed the corrective actions proposed by TVA and agrees that
the deficiencies are resolved with these system changes made. Where TVA has
included specific time delay devices to ensure adequate voltage, 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 voltage performance 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 notor voltage performance during the
loading sequence of the diesel generators. The staff therefore reouired TVA to
conduct margin analyses to demonstrate the adequacy of APS voltage during
leading. These analyses included the following:

Minimum and maxinum bus voltage'

Margin to motcr stall at minirum voltage

Ability to accelerate all motors in allowable tires at mininum voltage'

Ability to operate POVs in requisite time at minimum voltage

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

Although APS voltage did not remain in all cases within the Regulatory Guide
(RG) 1.9 linits to which TVA comitted 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 3bove.
Therefore, the staff finds the APS voltage perfomance while supplied from the
EDGs to be acceptable for restart. The staff believes that these voltage
fluctuations arise from use in the E9Gs of exciter / regulator systems with
slower dynamic response than those of a more modern type. For the pemanent
corrective action, the staff relies en TVA's February 29, 1988 comitment to
undertake, after restart, an engineering evaluation and modification of the
EDG exciter / regulator system so as to improve EDG transient voltage response
in the long-term.
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On the basis of its review of the APS voltage calculations, the staff concludes
that the calculations are complete and acceptable and that adequan
(steady-state and transient) voltage will be available at all Class 1E APS
buses and cotor terminals for all design-basis conditions with maximum and
minimum unit generator /affsite power supply voltages. This conclusion of
acceptability is limited to Unit 2 restart. Acceptability for Unit 1 operation
will rcquire completion of the 480 volt ac actions described above and revision
of TVA's EDG load 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
control devices (e.g., valves, starters, relays, solenoids) under the worst i

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 all Class 1E circuits
that are fed from Class 1E MCCs and reviewed control power transformer size,
starter size and load parameters, cable lengths, and wire sizes. The cable
lengths were increased by 15 percent oirer the design length as a conservative
neasure for the voltage calculations. As part of DBVP, these values were
compared with installed lengths and the more conservative values were used for
the calculation.

The mininum control 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 minimum control voltage value of 102 volts (85 percent of
120 volts) was used. These calculations showed 38 circuits to have a control
voltage value of less than 93.5 volts, and analysis showed that no adverse
effect would result if the energizing of these circuits is delayed for 15 to
30 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 (VHI)
systen with a delayed closing of 15-20 seconds (one circuit)

various cooling and exhaust fans in the auxiliary building with a*

delayed start of 30 seconds (36 circuits) '

'

diesel engine heat exchanger-inlet control valve in the ERCW system'

with a delayed opening of 30 seconds (one circuit)

In its review of the APS voltage calculations for the worst degraded voltage |
'conditiens (i.e., 6118 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 degraded voltage
condition, the staff finds that the planned time delays for the sustained
degraded voltage condition do oct represent a safety concern. The planned
time delays are acceptable for the reasons stated below:

The staff reviewed a recent Sandia study (TRAC-PF1/ MOD 1 dated*
i

Jnnuary 29,1986) of the failure of the upper-head accumulator shutoff !

l.
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valve that resuits in an injection of nitrogen into the vessel diving 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 head accumulator shutoff
valve is slightly beneficial with respect to cooling the core." Thus,
it was concluded that "...there is no significant displacement of vessel
water by the incoming nitrogen and the nitrogen that does enter the core
dces not seriously hamper reflood." Thus, an increase in the delay from
four seconds ta 15-25 seconds on the upper-head accumulator shutoff valve

,

is acceptable.

A 30-second delay in starting the cooling cod exhaust fans in the*

auxiliary building will not adversely affect the safety-related equipment
in the rooms and is acceptable.

The diesel generator engine will not overheat by starting and running from
a standby condition for 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 EDGs. As a consequence, the NRC required TVA to
analyze the performance of those specific MCC control devices that must
operate during the loading sequance.

TVA's analyses of transient MCC control voltage concluded that, in general,
almost all centactors and associated 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 voltages below their design minimums. With more detailed
review. TVA determined that the Allis-Chalmers contactors were used in
manually-controlled circuits in the ERCW system that would not be in use r

during the sequence.

To justify the acceptability of function of the Arrow-Hart contactors TVA
first detemined the actual minimum contactor pick up and drop out voltage by !

laboratory test. TVA then calculated mininum voltage at the contactor coil
terminals to detemine 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 inininun voltage seen during the loading |
|sequence and drop out voltage.

In analyzing pick up, TVA first reviewed the detailed loading sequence to
identify those Arrow-Hart contactors that were slaved to sequenced loads and
therefore would be required to pick up at the minimum voltage caused by
starting the associated large motor. TVA then calculated the actual minimum i

voltage at the contactor coil terminals using the actual cable lengths, l

additional control devices and minimum bus voltage that would occur during the
specific step. The worst ccse was determined to be an M0V slaved to the
auxiliary feedwater pump which starts at 20 seconds in the sequence. The

I
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margin betwem actual minimum voltage at the contactor coil terminals and
reouirc:i pick up voltage was 9.7%.

DtMr; pick up, a contactor coil draws a large 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 voltege pick up.

Based on the TVA analyses of performance during EDG sequencing, the staff
concludes that adequate margin exists to assure proper operation of the MCC
control circuits during EDG operation. The staff also notes that TVA has
committed after restart to evaluate and upgrade the EDG axciter-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 6nd TVA supplemental analyses of performance with EDG transient
loadings, the staff concludes that the Class IE 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 depend will require recalculation for two unit operation.

(4) Diesel Generator (DG) Load Analysis

In response to a number of employee concerns alleging generally that the-

bequoyah diesel generators were overloaded, that load additions were not
properly controlled and that fraquency and voltage did not meet FSAR
comitments, TVA performed a DG load analysis to determine the sequential
loading and capability of each DG to start each load at the time required
within acceptable voltage and frequency limits. TVA prepared a computer data
base to show all loads connected to the power distribution boards that would
be powered by the DG following a total loss of offr.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 start 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 the accident conditions, TVA detennined the sun of the loads, in
horsepower kilowatts and kilovars, from 0 to 120 minutes for each of the four
power trains.

1
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TVA's independent DG contractor, Morrison-Knudsen Company, Inc. (M-X), further
analyzed and evaluated the worst-case loading scenario to determine the
capability of the DG to accept and carry sequenced and randen loads within
allowed voltage and frequency linits. Based on this analysis, 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 30 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 random 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 2B was the worst for all three cases. For all :hree cases
the contractor concluded that generator 28 would be able to load at the
required time and do so within an acceptable voltage and frequency lirrit 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 an
intentional time delay of eight 480-volt ac loads to maintain the maximum lead
within the value of 4482 kW at the 30-second time. These loads include four
supplies to the 480-volt ac board room air conditioning system (a part of the
random loads which would be delayed for 2 minutes and 30 seconds) and four
supplies to 125-volt dc vital battery chargers that charge the four 125-volt
de Class 1E batteries. (Delaying the loading of the 125-volt de vital battery
charger for 5 minutes poses no problem since the 125-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
DG 2B within the acceptable limits of loading.

However. TVA advised the staff, at that time, that the accident conditions
for a LOOP with a delayed SIAS were being analyzed and that this would result
in a revised DG load analysis. TVA submitted a revised DG load analysis,
Revision 3, that included the three delayed SIAS sequences on December 29, 1986.
However TVA informed the staff by letter dated March 12, 1987, that "TVA is
not evaluating these secuences because the delayed safety injection and loss
of offsite power cases do not significantly contribute to the probability of
core relt." The NRC Power Systens Branch Review Reminder No. 11 dated
April 20, 1983, concluded that the frequency of core melt occurring as a
result of a delayed SIAS following a LOOP is sufficiently low 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 design event.

Also, in its March 12, 1987 letter, TVA stated that its previous resolution
did not sufficiently reduce the transient load; thus, additional actions would
be necessary These additional actions were made necessary by an error in
TVA's assumption of DG load linits in its analysis. These errors were
identified by M-X. M-K pointed out that during the first three minutes of
operation, the superchargers on Seouoynh's diesels are not operating at full
capability. Therefore, the engire behaves like a naturally a. pirated
(non-supercharged) unit. A naturally aspirated engine is rated for operation
at or below 90*F. Sequoyah's maximum ambient tenperature is 97 F. This
difference resulted in a derating of the engine in the first three minutes for
which TVA had not accounted.
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During a March 26, 1987 meeting, TVA provided a revised DG load analysis
(Rev. 5) and proposed the following new actions to correct the problem:

Change the load sequence time delay for the containment spray pump*

(CSP), CSP circulation fan, and containment spray header isolation valve
from 30 seconds to 3 minutes.

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

When thaca changes were 41plemented, the maximum load profiles were
recalculatea hy TVA. Tne NRC staff reviewed the accident analysis consequences
af these changes and approved them in License Amendments 59 and 51 issued
September 18, 1987.

TVA consulted with M-K and .fith the information provided in the contractor's
report (No. 6957R, Rev. 1), transmitted by letter dated February 27, 1987, TVA
proposed the DG ratings discussed below. During the first three minutes of
operation, due to ambient temperature derating the diesel engines are limited
to 4320 kW. After three minutes, the engine can be operated for two hours at
its short time rating of 4840 kW and 4400 kW for periods of operation in excess
of two hours. Further, the generators are limited to a total electrical lead
of 5500 kVA for two hours and 5000 kVA continuously. These limits, stated as
separate engine and generator limits, are equivalent to the combined limits of
4400 kW for two hours and 4000 kW continuously at the power factor of 0.8 that
were stated originally in the FSAR. The restatement takes advantage of the
fact that TVA's loads run at a power factor larger than 0.8 and, therefore,
the total load is generally controlled by the engine limit rather than by the>

generator. It should be noted that the FSAR did not recognize the derating
during the first three minutes of warm up.

The NRC staff reviewed and approved this restatement of DG load limits. This
review was documented in License Amendrents 64 and 56 issued January 7,1988.
This change to the Technical Specifications increased the DG limits and
correspondingly increased the leads 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 at each
sequence step was below the DG ratings except for the steady-state rating
case. TVA has stated that operator action will reduce 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 (A01-35)
to reduce DG load to within the steady-state rating. The staff found this
action acceptable. The staff har 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 and 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 problems were
noted.
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As noted above, the NRC, as part of its review of the DG revised load limits,
had approved an increase in the loads that the diesel were required 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 higher loads prior to restart. These tests were also used to validate
the continued acceptability of the plant's preoperational test program. These
surveillance tests were conducted during the period 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 results were interpreted by TVA as indicating both a possible
defect in one generator's (2A) exciter system and a more general problem in
all generators in conforming with voltage limits during loading as stated
in RG 1.9. A failed component was replaced in the excit?r system of the 1A
generator which corrected the first problem and left only 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:

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 showed that*

the diesel generators had less margin 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:

Ito identify the reasons why calculations did not predict the severity
of the experimental results

to improve the calculational methods to provide greater assurance that i

tire calculational nethods would conservatively predict post-accident '

behavior

to quantify the margins available between diesel capability and specific*

electrical power system requirements in post accident operation. The
specific rargins in question were the following:-

(1) minimum voltage during the loading secuence;

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

(3) motor performance (starting and stalling);
;

(4) contactorperformance(pickupanddropout);

(5) motor operated valve performance (torque and timing);

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

(7) sequence timing 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 rest likely reason that the original calculations did not bound the*

test data was that generator voltage did not stabilize between successive
steps in the loading sequence.

The generator's inability to stabilize voltage was probably caused by the
use of a voltage regulate- lacking the speed and performance
characteristics typical or those used in modern nuclear applications. ,

The most recent analysis methods used by TVA bound the experirental data
and predict the DGs behavior in post accident loading with adequate margin.
Howaver, this margin is less than was expected when the plant was licensed.

The margin that remains is sufficient to assure safe operation of Sequoyah
for restart and for the limited period of time until corrective action is
takt to re-establish the margin that was believed to exist at the time of
licenshg.

In a March 3,1988 submittal, TVA committed to evaluate the perfomance of the
EDGs and implement corrective action prior to restart after the next Unit i
refueling outage. This schedule is acceptable to the NRC staff.

TVA also addressed the concern (SCR SQNEEB 8646) that voltage would fall belcw
the 75 percent mininum stated in RG 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
designed to close at 80 percent of nominal voltage with the diesel 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 situation, TVA
deliberately lowered the rate at which engine speed builds up. This provided
greater time for voltage to increase and correct the voltage 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 NRC has examined the frequency
trace during test and deternined that frequency continues to increase after
breaker closure with its time zero loading at the same constant rate as before
closure and reaches the allowabie range in less than one second. The 1RC
concludes this deviation from the regulatory guide to be incidental, of no !
safety significance. !

In examining the voltage test results discussed above, TVA and the NRC noted |

that voltage in at least one case exceeded the + 10% voltage recovery limit
stated in RG 1.9. This linit requires that, during loading, voltage recovers
to + 10% within 60% of the step interval. It should be noted that in RG 1.9,
RevTsion 0, which TVA comitted to in its FSAR, the requirement is 40% of the
interval. However, the NRC fourd this to be unnecessarily restrictive and
relaxed the requirement in subsequent revisions of the RG. Therefore, the
NRC staff will not hold TVA to the unnecessarily restrictive linit. The NRC
staff cencludes that the very short (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 system !

discussed above would improve the DG performance. |

TVA SER Vol. 2, Part 1 2-27 Revised Preliminary Report !
!

I
.__ - _. _.1



.

As part of its March 1,1988 submittal, TVA provided Revision 7 to its DG
loading calculation for staff review. This revision slightly rearranges the 20
and 30 second 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 calculations on which the staff's
findings are based assume that Sequoyah Unit 1 is in cold shutdown and must be
revised to support Unit I restart. Further, the staff notes its reliance on
TVA's cemitment to undertake, after restart, a major review and nodification
effort to improve perfomance of the DG regulator / exciter system.

2.3.3.2.2 Control Power System

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

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

6.9-kV shutdown board control circuits*

480-volt ac shutdcwn board control circuits*

fuse column circuits (primarily solenoid valve circuits)"
:

auxiliary relay rack circuits'

c

reactor trip switchgear breaker control circuits
'

120-volt ac vital inverter feeder circuits*

TVA analyzed the sample circuits by calculating the voltage available at the
teminals of the loads and comparing this voltage with the manufacturer's

'

minimum voltage rating. If a problem was identified in any of the categories,
all the circuits in that category were evaluated. The staff finds this

!acceptable since the representative sample chosen was based on a worst-case-

approach.

ITo calculate the maximum voltage drop, a cable length of either the
construction pull length or design length plus 30 percent was used with the
cable temperature at 90'C. For the lati.er four categories above, the vital
battery 2-hour discharge minimum terminal voltage of 105 volts dc was used.
However, for the former two categories, the calculations were performed with
a battery voltage of 120 volts dc. TVA based this assumption on Sequoyah's
design criteria which state that t!,e voltage shall be 120 volts dc. Because
of the automatic undervoltage load si'edding feature, the critical operational
period for the 6.9-kV and 480-volt ac shutdown boards is imediately upon loss
of ac power, i.e., battery voltage of 120 volts dc. The staff concurs with
TVA's asurption since these mandatory loads will occur during the initial
discharge phase of the battery duty cycle and each operation lasts only a
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fraction of a second. In addition, the battery is not expected to be
discharged to a level of 105 volts de since the diesel 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 SONEEB 8605), TVA identified
inadequate minimum dc input voltage to the 120-volt ac vital inverters on
Unit 1 per the manufacturer's specification. The original vendor minimum
input voltage specified for these inverters was 105 volts dc. Subsequently,
the inverter vendor has performed a recertification test for the same type of s

inverter at TVA's Watts Bar and confitned that the Sequayah 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 de input voltage

vital de system voltage condition (105 volts de), and (ystem during a minimum
for 24 solenoid valves associated with the stean dump s

2) excessive voltage
drop (based on the manufacturer's data) for two flow-modulated solenoid valves
between the modulator (valve controller) and the valve during any de system
voltage. As noted in a letter dated August 1, 1986(a) TVA stated that (1) the
operation of these 24 valves is not required for safe shutdown, and (2) a
further review by the manufacturer has found that adequate voltage is available
for the flow-modulated solenoid valves.

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

(2) 120-Yolt AC Vital Instrument Power System Voltace Calculations

The purpose of the 120-volt ac vital control power system study was to
determine if the safety-related 120-volt ac loads powered from the 120-volt ac
vital instrument power bor"- have adequate voltage for proper operation.
TVA reviewed all safety-related leads for Units 1 and 2 and identified a total
of 166 such safety-related circuits. These circuits were classified into four
groups (i.e., relay, valve, monitoring, and instrunentation and control
circuits) according to the type of load served. The voltage calculations were
perforned on a representative sample of each group (at least 10 percent). If

the evaluation identified no failures in a group, a high degree of confidence
was achieved and no further evaluation was performed. If a failure was
identified, then the voltage calculation for every circuit in the group was -

performed. .

The inverter (power source) was assumed (worst case) to be operating at full i

load with a maximum output (125 amp) and minimum output voltage of 117.6 volts
(120 volts minus 2 percent) with a phase angle of 41 degrees. The voltage
available at the terminals of each component supplied by the inverter was
calculated and its adequacy determined by comparing with the manufacturer's '

minimum voltage rating. The cable lengths of either the construction pull
length or the design length plus 30 percent were used with the cable
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 prelininary TVA study, Revision 0, dated December 27, 1985, showed that
eiqhtcircuitsfromthreegroups(i.e., valves, monitors,andinstrumentation
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and control) have excessive voltage drop. These circuits were identified for
corrective action, and further voltage drop analyses were performed on all the
circuits in those groups. A new analysis dated January 30, 1986, identified a
total of 12 circuits with excessive voltage drops that were documented for
corrective action under SCR SQNEBB 8532.

The staff concurs that the use of such a sampling technique can be justified
in datermining the adequacy where a large number of circuits are involved.
Further, this type of categorization sampling technique can be a useful tool
to identify and localize problem areas in circuit design; therefore, the staff
finds this technique acceptable.

TVA found that the above 12 circuits were divided into three groups: ,

(1) radiation rate meters within the monitoring group, (2) post-accident
sampling in the valve group, and (3) reactor vessel level instrumentation in
the instrumentation and control grcup. TVA stated that corrections for these
deficiencies would involve pulling larger size cable to reduce cable impedance
and paralleling 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
concludes that the safety-related 120-velt ac loads powered from the 120-volt
ac vital instrurent power boards will have adequate voltage for safe operation.

2.3.3.2.3 Instrunentation and Control Systems Instrumentation Accuracy
Calculations

The NRC staff ard its consultant, Science Applications International, reviewed
a sample of 15 TVA instrumentation and control calculations for Sequoyah for
technical accuracy. Guidance to prepare instrument set point calculations and
to maintain set point accuracy that is needed to fulfill the design basis '

requirenents of IEEE Standard 279-1971 is provided by IEEE Standard 603-1980,
RG 1.105, and Instrument Society of America (ISA) Standard S67.04-1982.

4

The scope of the review calculations was generally linited to determining the
expected accuracy of a safety-related set point as a result of the effect of
harsh environment conditions imposed on individual instrument loop conponents.
The reviewed sarple did not include each type of calculation ordinarily
prepared by an instrurentation and control design group. Specifically, the
reviewed calculations did not establish an actual set point value fcr the
instrument channel, nor did they generally address the set point accuracy of
safety-related instrument loops subject only to a mild environment condition.
Instrunent set points are established by the rechanical/ nuclear calculations.
The NRC staff accepts TVA's assertion that accuracy for instrurents that are |

not exposed to a harsh environnent has been demonstrated by the operational
experience at Sequoyah.

The calculations reviered generally addressed the worst-case predicted accuracy
or variability of an established safety-related process set point. The
objective of a set point accuracy calculation was to determine the statistical
allowance of an instrument channel. The expected performance of an instrument-

channel could then be assessed for conferrance with process set point linits.
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The methodology employed in the determination of the instrunemt channel
statistical allowance was the square root of the sum of squares (SRSS) of
individual effects such as those listed below.

environmental allowance*

process measurenent accuracy

primary sensor element accuracy*

1 sensor calibration accuracy

sensor measurement and test equipment accuracy*

sensor drift*

sensor temperature effect*

sensor pressure effect*

rack calibration accuracy*

rack measurerent and test equipment accuracy*

Irack comparator setting accuracy

rack drift ;
,

!

rack temperature effect*

Several special cases of calculations involving analog control loop stability, :

instrument process line response time, and effects of radiation exposure were i

provided in the reviewed sample. The following calculations were reviewed: ;
'

(1) pre-operational tests in lieu of calculations for control loops4

I (auxiliary feedwater stability calculation)
(RIMS B43 860915 925 RO)

;

i (2)instronentaccuracycalculationfor1-PT-68-69 |
! (RIMS B43 860809 901 R2)

'

(3) instrument accuracy calculation for 1-TE-68-1, -18 -24, -41. -60 and -834

(RIMS B43 860805 913 R3) '

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

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

(6) solenoid valve arc suppression networks located in harsh environment
: (RIMSB43860619901R1)

|
l
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(7) demonstrated loop accuracy for high-range rcdiation ronitor
(RIMS B43 860624 914 R2)

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

(9) denonstrated accuracy calculation for 0-LOT-67-470, -477, -482, and -487
(RIMS B43 860915 910 R0)

(10) demonstrated accuracy calculations for 1-PS-3-139A, B, and D
and for 1-PS-3-144A, B, and D
(RIMSB43850915912P,0)

(11) verification of retrievability for isokinetic equipment calculations
(RIMS B13 860826 902 RO)

(12) control valve sizing retrievability '.eview
(RIMS B43 860917 912 R0)

(13) safety-related flow elements locations
(RIMS B43 860915 917 RO)

(la) demonstrated accuracy calculation for 1-PS-3-148, -156, -164, and -171
(RIMS B43 860915 916 R0)

(15) filter design for PT-30-310 and -311
(RIMSB43861022901RO)

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

During these meetings, TVA presented revised information for calculations I
'

(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. Revised infomation for calculations (6) and (8) is discussed
below. j

Calculation (6) - ARC Supprission Network

This calculation did not properly address the seismic integrity of the
majority of arc suppression networks. Therefore, the stafi concluded
that the arc suppression network could fail during a seismic event.
The TVA assumption that these devices are needed for only one cycle and
therefore need not be seismically qualified is indefensible. TVA
acknowledged the seismic integrity issue in the meeting and stated that
the seis:nic oualification of these arc suppression diodes will be
resolveJ and the arc suppression networks will be seismically qualified.
TVA has subnitted, by letter dated February 29, 1988, confirmation that
the are suppression dicdes are seismically qualified.

|
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Calculation (8) - HVAC Instrumentation Accuracy Calculation

TVA does not have any documentation to confim the seismic qualification
of the HVAC instrumentation. TVA has taken the approach that, after a
seismic event, the plant staff will perfom 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
establish acceptance criteria'for determining what constitutes instrument
degradation.

TVA also indicated that sore instruments are required to have 5 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
HVAC 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 address the seismic threshold limits, specify the HVAC
equipment to be inspected after a seismic event, provide an inspection
procedure, and clarify the calculation accordingly. NRC staff considers
this solution to be acceptable 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 ac:uracy
TVA documented the proposed resolution to

calculations to be satisfactory (.6) and (8) in the confirmatory letter datedstaff concerns in calculations
February 29, 1988.

2.3.3.2.4 Raceway Systems

The stoff evaluated TVA's justification for using its ampacity tables and the
justification of these tables as applied to centrol level cable trays, grouped
conduits, and conduits with more than three cables end duct banks.

INP0 performed an audit in 1986 on the Bellefonte plant that revealed
inadequacies in TVA's electrical design standards DS-F12.1.1 through DS-E12.1.4.
These standards have been used to size all the insulaGd power cable ampacities
(auxiliary and control) throughout TVA's nuclear plants. This finding, later
confimed by TVA's Bellefonte electrical evaluation team, was identified as a
generic problen. By a report dated February 27, 1986, TVA described an
analysis it has performed to aeronstrate the adequacy of design standards
DS-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 definition and information required for proper application. These
deficiencies in design standards were identified in TVA Problem Identification
Report (PIR) GENEEB8605..

By letter dated December 23, 1986, TVA informed the staff that design standards
DS-12.1.1 through DS-E12.1.4 were superseded and that the new electrical design
standard, DS-E12.0.3, "Ampacity Tables for Auxiliary and Control Power Cables
(0-15,000 volts)," corrected all the inadequacies. The new standard also
addresses ampacities for cable in conduit, cable tray, and duct bank as well
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as derating factors for cable coatings; 10 CFR 50 Appendix R, fire wraps; '

cable tray covers; and cable tray bottoms. TVA's submittal also presented the
7

following information regarding the standard. -

Electrical Design Standard DS-E12.6.3 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-46-426, National Electrical 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 ar.d/or bottoms, and Appendix R fire wraps are based on test
reports from the manufacturers of the coating and wrapping material.

lhe standard was developed utilizing TVA and Stone & tiebster Engineering* i

Corporation expertise. ,

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

The rethodology has been reviewed against and found to be consistent*

with the standards of Sargent & Lundy and Gilbert /Comonwealth. [

Rather than exanine each electrical cable to determine its adenuacy with
respect to ampacity ratings established under DS-E12.6.3, TVA developed a >

sampling program. All the cables were categorized f nto nine inspection lots
according to their operating voltages, cable routings, covers, and wrappings,
Each cable, counted only once, was included in the inspection lot reflecting
the most limiting raceway configuration for ampacity in which it was routed.
The nine 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 Appendix R fire wrap '

(5) Va-level cables routed in tray with tray covers, and/or bottoms, t

and/or Appendix R fire wrap

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

(7) V5-level cables routed in tray with tray covers, and/or bottoms, [
'and/or Appendix R fire wrap

(8) V4- and V5-level cables routed in conduit without Appendix R f
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 volts and a current of less than
30 amperes

V4 - auxiliary ac and de power cables operating at a voltage up
to 600 volts (This includes cables of 277 volts or less
with a rated load current of 30 amperes or greater.)

V5 - redium voltage auxiliary power cables with a nominal rated
voltage of 5, 8, or 15 kV

TVA established a separate engineering group to identify all the cables in each
respective lot. This group reviewed all the cable trays and conduit drawings
(as-built) to verify the existence and location of tray covers and/or bottoms,

Procedures for Ampacity (SMI-n-317-41)y was per formed under "Walkdown
and Appendix R fire wraps. This surve

Once all the cables in each lot were"
.

identified, the group determined a sample size for each lot by using the
Military Standard 1050 dated April 29, 1963, "Sampling Procedures and Tables for
Inspection by Attributes." Among the chosen samples, the group determined the
allowed ampacity of each cable by applying the derating and correction factors
specified ir DS-E12.6.3. The group evaluated the adequacy (pass / fail) of the .

'

cable arpacity by comparing the allowed ampacity and the actual ampacity, which
is based on the full load current multiplied by appropriate factors according
to load types (i.e. , inotor, transformers, heater). If the total number of
defective cables found in each sample was less than the maximum (4 percent)
specified by the military standard, the group considered the lot adt;quate. The
failed cables were documented in a significant condition report (SCR) for
corrective actions. ;

On February 27, 1987(c), TVA submitted the following results:
3

; i
'

1 (1) V3 voltage level
1 '

IAlthough this voltage ievel is restricted to control cables operating
at a voltage up to 277 loits and a current of less than 30 amps, the
great r.yority of cables in the V3 level carry low-level and/or
internittent siarais for which the ampacity rating of the cable is of
no concern. TVA provided justification and documentation (including
supporting calculations) for excluding this group of cables (control
function cables) from this program. Thus, TVA separated those V3

voltage level cables that require consideration as possibly being ))auxiliary "control power cables" (Inspection Lots (1), (2), and (3
from those "control function cables" used for controlling the
operating status of equipment. The sampling program was used to
establish the exterit 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 given below:

No. of ,

MS per No. of Control i
Total 1050 Cables Power
No. of Sample Sampled / Cables No.,

Lot rio. Cables Size Analyzed Found Passed
.

1 5919 50 376 1 1

2 3331 52 693 4 4

3 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 adeouately(sized in accordance with DS-E12.6.3.
None

of the three cables in tot 3) carried sufficient current to be
considered a problem. TVA found that the number of cables routed in
V3-level raceways carryir.g other than very low and intermittent
currents was substantially less than previously anticipated. Since
all those control pover cables analyzed presented no problem 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 V5-level cables had a greater tendency to have a problem
with ampacity because of the higher current levels and the practice !

of providing less conservatism in sizing high-power cables. TVA '

found that too many cables in Lots (4) through (9) did not pass the
acceptance criteria (failed); therefore, additional power cables

,

(100 percent) had to be inspected. Lots (4),(5),(6)and(9)
received a 100% inspection of cables. ForLots(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 fram 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
6 29 P1 8 0
7 47 47 0 0
8 384 366 18 8
9 11 9 2 2

'

Totals: 1446 989 457 125

:
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TVA used the criteria listed below to evaluate each failed cable:

Tray covers and bottoms that were not required for personnel or cable*
,

protection or to mcet licensing commitments were removed.
.

'

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
renoving excessive conservatism. -

With this approach, TVA found that 332 of the 457 failed cables were within
allowable anpacity 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-E12.6.3 is based on industry standards and provides various
derating factors that are applicable to the specific installed cable
configurations. The steff finds DS-E12.6.3 acceptable for use in resolving
the TVA empacity 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., giving 95 percent assurance that at
least 95 percent of the population is acceptable). The staff believes that
the proper sample size should have been determined by using the hypergeometric
distribution function, which provides larger samples than the military
standard. However, as discussed below, the actual sanple size taken in the
field exceeds the requirerents of either the Military Standard or the
hypergeometric distribution. Thus, this issue is moot. i

However, for the V3 voltage level (Lots (1), (2), and (3)). TVA sampled a far
greater number of cables than required by either approach. Since only five l

control power cables were found through an inspection of 12 percent of the V3i

voltage cables and since these five cables were within the allowed anpacity,
!the staff finds that the sample size for the V3 level is acceptable and that

3

these cables do not constitute a problem area. I'

l

|A similar s m pling(process was conducted for the V4 and V5 voltage levels(Lots (4) through 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 and/or removed because they are not being used to support

| operation of Unit 2. This will provide a 100/100 assurance level for the V4
and V5 cables.

| Based on its review of the TVA submittal and the resolution of identified
deficiencies in PIR GENEEB8605, the staff finds that the problem areas have |

'

been adequately identified and that the proposed corrective actions are j
acceptable. 1

4

However, the above acceptability was contingent upon resolution of two
unverified assumptions. These are the accuracy of (1) the cable schedule

,

1
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data base and (2) the installed thickness of fire protective cable coating.
The staff verified the accuracy of the cable schedule data base through
inspections conducted during the DBVP inspection and IDI programs. The
installed thickness question has been resolved because TVA presented
calculations during the DBVP inspection that demonstrated, for the geometries
at issue, the maximum tenperature 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 Background and Analysis

In a letter dated December 29, 1986, TVA submitted electrical calculations
for S3quoyah Nuclear Plant Unit 2, including short-circuit studies of the
n:edium voltage system. The NRC, with its contractor, Science Applications
International, 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 IDI from August
through October 1987. Additional information on circuit breaker capability
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 subnittals.

The medium voltage system consists of non-Class 1E and Class 1E 6.9-kV
switchgear, circuit breakers, and associated electrical equipment designated
as startup boards, unit boards, and shutdown boards. The 6.9-kV shutdown
boards in each power train derive power fron eitner of two 6.9-kV unit boards
or from their respective standby power source (diesel generatar). The feeders
connecting each shutdown board with these three sources are termed the normal,
alternative, and standby feeders. The normal and alternate feeders can derive
power from the nuclear unit, via separate unit station service transformers
and separate 6.9-kV unit boards. The normal and alternate feeders for each
bus can also derive power from separate preferred source circuits, routed
through either of two separate comon 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 generator via the
standby feeder. The standby ac power system is a safety-related Class IE
system that continuously supplies power for energizing all ac-powered
electrical devices essential to safety. Power continuity to the 6.9-kV
shutdown boards is maintained by switching among the nuclear unit source
(the norral source), the preferred (offsite) source, and the standby (onsite)
source. Source selectior is acccmplished by automatically transferring frem
the nuclear unit source, .o the preferred source, to the standby source, in
that order. The reverse transfers are manual. I

i

To analyze short circuit capability, TVA selected f ault locations within the
6.9-kV system 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 6.9-kilovolt unit board bus, and each 6.9-kV
shutdown board. A three-phase bolted fault for each fault location was
selected by TVA tor purposes af calculating the maximum available fault current.
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Since the 6.9-kV system is grounded through low impedance resistors, ground
fault current is 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 ,

deternine the maximum value of short-circuit currents to establish the
adequacy of the latching (asymetrical current) and interrupting capability

'

of the installed 6.9-kV systen switchgear and circuit breakers.

The staff evaluated the design of 6.9-kV supplies and equipment against the
requirements and recomendations of the documents normally used in the design
of electrical pcwer systems for nuclear power plants. Specifically, the
requirements of General Design Criterion (GDC) 1. GDC 17, NUREG-0800 (Sections
8.2 and 8.3), RG 1.32, and IEEE-308 were compared to the Sequoyah electrical
design. In addition, industry standards, such as ANSI 37.06-1964 and
ANSI 37.010-1979, which are normally used for sizing electrical switchgear
and equipment, were compared against the installed switchgear at Sequoyah to
verify their ratings and capacities. This safety evaluation is based on the
licensee's subnittals and discussion with the licensee regarding the 6.9-kV
switchgear.

The methods and assumptions used by TVA for calculating three-phase short-
circuit currents at the 6.9-kV switchgear locations are reasonable and consis-

t tent with industry practice. Specifically 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 gcod
engineering 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. These calculated current
values indicate the worst-case for the bolted three-phase electrical fault at
each fault location. Gond engineering practice in conformance with industry,

standards dictates that the electrical equiprent specified for these locations
(i.e., the unit boards and shutdown boards) must have a rating equal to or ;

higher than the calculated values. This philosophy and practice is used
; industry wide to provide added conservatisn to accomodate the normal aging
| ard service of the equipment and any increase in load after installation,

j The selection and application of power circuit breakers for ac pcwer systems,
such as the Sequoyah 6.9-kV system, had been standardized by ANSI-37.06-1964.,

| This standard is intended as a guide for the selection and application of the
circuit breakers by the user. In its submittal of December 29, 1986, TVA
indicated that the Sequoyah design was based on ANSI-37.06-1964 According

j to this standard, the 500-MVA class circuit breakers and the shutdown boards
1 would be rated for 8.25 kilovolts maximum voltage with a short-circuit current
] rating of 33,000 amperes (i.e., 471 MVA) and the switchgear would have a momen-
3

tary rating of 60,000 amperes. In its August 10, 1987 letter, TVA provided the
manufacturer's gueranteed performance data, which showed that the circuit'

breakers and associated buswork have a 500-PVA interrupting capacity rating and
an 80,000-ampere momentary rating. These ratings are substantially above the
ratings required for 500-MVA class switchgears. However, even using these
actual ratings, Sequoyah's 6.9-kV circuit breakers are undersized, relative to
TVA's most recent short-circuit calculation, by as much as 35 percent on the;

I unit boards (through which unit generator and offsite power is routed to the
i
i
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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 methods of ANSI
C37.10, 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 to TVA, for the bus arrangements at Sequoyah, ;

these assumptions are conservative for the main feeder breakers on both the!

unit and shutdown boards because the feeder bicakers are not required to
interrupt the fault contribution from the devnstream loads. Appendix B to <

Revision 1 of the short-circuit calculation shows that the actual faults these
ibreakers weuld 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 impedance of the buswork from the unit i

station transformer to the unit bus. The NRC staff and consultants have
reviewed this calculation and conclude that it is technically correct.

ANSI 37.010-1979 states that it is necessary for the circuit breakers that are
installed for a given voltage service to have a mininum of at least 100 percent
capacity as compared to the maximum calculated fault values. Therefore, on the r

basis of the ANSI 37.010-1979 and ANSI 30.06-1964 criteria, the 6.9-hV circuit
breakers installed at Secuoyah are undersized for the available fault currents.i

1 In its submittal of Cecember 29, 1986, and in FSAR Section 8.1, TVA committed
i 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 requircments of GDC 1, GDC 17, RG 1.32, IEEE Standard 308, ;
'

and ANSI Standards 37.010 and 37.06, address this issue. The relative
criteria are stated below:

GDC 1 - Quality Standards and Pecords: "Structures, systt:ms, and
components irportant to safety shall be designed, fabricated, erected, ,

fand tested to quality standards commensurate with the importance of
the safety functions to be performed. Where generally recognized,

,
codes and standards are used, they shall be identified and evaluated .

1 to determine their applicability, adequacy, arid sufficiency and shall !

|
be supplemented or modified as necessary to assure a quality product :

in keeping with the required safety function."

GDC 17 - Electric Power Systems: "Provisions shall be included to
mininize the probabillty of losing electric power from any of the
remaining supplies as a result of, or coincident with, the loss of
newer from the transmission network, or the loss of power from the
onsite electric power supplies." ;

) IEEE 308-1974 (Endorsed by RG 1.32) - Criteria for Class IE Power i

i lystems for Nuclear Generating Stations, Section 5.2.1(6), Protective !

; Devices: "Protective devices shall be provided to limit the <

j degradation nf the Class 1E power systems."
J

!

ANSI 37.010-1979 - Application Guide for AC High-Voltace Circuit
]3

Breakers Rated on Symetrical Current Basis, Section 4.5, Short-
,

|
Circuit Rating: "In the application of circuit breakers, it is

'

' necessary that 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 i

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 operating the plant for a limited time. TVA stated that it
has instituted action to lower the available fault enrrent at the unit boards

'

in the long term. Where the shutdown board breakers (Class IE) are concerned.
TVA has indicated that the one-time end-of-life test is good enough to rennit
the use of these breakers. The one-time test results indicated that the '

!

contacts were heavily damaged, that the chutes were at the ultimate limit of |
their capacity, and that the breaker had reached its end-of-life condition. #

;

,
Although the vendor furnished the breaker test data to TVA, tbc 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
j fault levels to be expected on the most heavily loaded buses of the Sequoyah
i 6.9-kV 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.SkV maxinum grid voltage, a 1.025 tap setting on the USST and, when '

either unit is operat ng, a .975 CSST tap setting. These values are controlled
by TVA procedure and their correctness was verified by NRC staff review. The >

istaff analyzed the unit boards, which are the 6.9-kV boards that are not'

safety grade 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 be4

required to interrupt a fault as high as 545 MVA. This exceeds the breaker's -

design rating of 500 MVA and approaches, but does not exceed, the tested
interrupting value of 550 MVA. The individual load breakers on the unit -

,

boards could be required to interrupt as much as 600 MVA when the diesel is ;

operating, which is well above either the rated or tested capability of the *

circuit breaker. Even when the diesel is not operating, the unit board load;

breakers would be recuired to interrupt more than 560 MVA. As part of its
: review, the !!RC staff also recalculated the momentary fault duty at the unit

board, this 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 boards showed the feeder
,

breakers would be required to interrupt about 490 MVA (with or without diesel |
'

J generators), which is slightly below rated capacity. The iridividual shutdown (
board feeders would be required to interrupt about 530 MVA when the diesel is :

!operating; this is above the design rating but below the tested capability.
Without the diesel running, the shutdown board load breakers will be required

i to interrupt about 490 MVA. .

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

,

| 80 kiloamperes, which is the momentary rating of the switchgear; without the r

i diesel generator nperating, the momentary current is about 76 kiloamperes. The
nonertary current cn the safety-grade shutdown boards, for all conditions, is
less than 67 kiloamperes. !,

i ,

;
,

;
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In sumary: -

In normal operation, the non-safety-grade unit board feeder circuit i*

breakers may be required to interrupt a fault greater than designed but
less than tested and the unit board load circuit breakers may be required j<

to interrupt a fault significantly above the designed and tested value. L

When the emergency diesel generator is operated in parallel with the unit*

station service transfomer, the non-safety-grade unit board buswork and
switchgear may 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 nargin.

The staff noted that a less conservative approach than that typically used for
design was used for these calculations in that bus and cable irpedance wasi r

considered and line current rather than bus current was used. However, a
three-phase bolted fault in itself is a conservative assumption because real ,

faults tend to cyhibit sore impedance and some degree of phase irtbalance and -

arcing, c11 of which tend to lower the fault current below that of the bolted ,

fault. Actual fcults also tend to occur most often at loads or in cables '

rather than at the circuit breaker terminals as was assumed in the calculation.
Even a relatively short length of cable between the breaker and the fault would
lower all the calculated fault values to less than the breaker's designed
capacities.

It, the calculatiqns it was conservatively assumed that the diesel generator
will be operating in parallel with the system when the fault occurs and that
all motors on the involved buses will be operating at that tine. The diesel
generators only rarely are run in parallel with the system, generally about an !

hour per month for testing. Because of redundancy, all motors on all the '
4

involved buses are seldom run simultaneously. The staff considered all these :
'

factors in reaching its conclusions about the adequacy of the systen.

The staff reviewed the protection schemes and bus arrangements associated with ;;

I the switchyard and 6.9-kV distribution system and concludes that no credible
l single fault on a unit board, even if the incoming breaker failed to clear the

fault, will cause cascading failure of the 161- or 500-kV switchyards. Neither j"

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 be transferred to the alternat' *e source and cannot cause loss of the j
altarnate supply even if the initial fault breaker fails to open. This is ,

because a fault trip signal from an incoming circuit breaker on either the !
!unit or shutdown boards locks-out not only the affected breaker but also the<

j inconing breaker for the alternate supply.

i

;

;
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On the basis of its review of the certified perfurmance data and test data
tsubmitted by TVA, the staff concludes that 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 ANSI 37.04 duty cycle. Further, the test data provides a
reasonable basis for believing the circuit breaker would interrupt a fault up
to 550 MVA althouch ANSI 37.10-1979, Section 4.10.3, warns against exceeding;

the service capability of the circuit breaker "even if only one interrupting
operation may be imposed."

'

On the basis of the above evaluation of the Sequoyah 6.9-kV electrical system,
the TVA submittal, and the Science Applications International 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 engineering basis in medeling the postulated
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 conservative
and the vital system is in substantial conformance with the applicable
regulations, FSAR commitments, and industry standards. The staff bases this

| conclusion on two major factors. First, the shutdown board load breakers, in
the rare circunstance when the diesel is operating in parallel with the system,
may have to interrupt a fault larger than the breakers' warranted capacity
(500 MVA); however, they will be functioning within their service capability
(531 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 ard severe physical damage to the shutdown ,

board as a whole, or to equipment in its vicinity. Second, the vital 6.9-kV
breakers could only be required to operate beyond their warranted rating when,

| for a few hours a month, the diesel generator is operating in parallel with
'' the unit generator and system. In nonnal operation, when the diesel is not

paralleled with the preferred source, no vital breaker will be required to '

operate above its warranted design rating. The staff further concludes, fron
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 faulti

value for the loao breakers to 530 MYA is at the tested service capability of
'

531 MVA and slightly above the guaranteed values o' 526 MVA. The staff notes
i this lack of margin but believes that the corrective actions discussed below
2 for the non-safety grade breakers will lower the fault level on tne vital

buses and introduce additional margins.
;

The staff concludes that the fault calculation for the non-safety grade unit
,

and associated circuit breakers is appropriately and conservatively done and
^

accurately reflects the condition of the non-vital 6.9-kV system. The staff
concludes that the 6.9-kV system dces not meet the Sequoyah FSAR commitment !

(Section 8.2.1.8 pg. 8.2.2) that "a fault on a non-safety load supplied from i

!
,
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a 6900-volt unit board will be isolated so that the continuity of power to
that unit board and to the shutdown board fed from that unit board vill not be
jeopardized by that fault." The calculations show that a fault on a non-vital
unit board load may substantially exceed the rated or tested ccpacity of the
load breaker and will require the unit board incoming breaker to trip, thereby
violating the above comitment, in this situation, the unit board feeder

breaker operating as a backup breaker will be required to clear a feult
greater than Oither the design rating or tested service capability, thereby
violating the intent of ANSI 37.10-79, Sections 4.1.0.1 and 4.1.0.3, another
FSAR comitment.

As rentioned above, a reasonable basis does exist for believing that the
inccming breaker will clear the fault successfully. Even if it did not, the

staff concludes that the switchyard circuit breakers for the unit main
transformer would clear the fault by differential protection, thereby
protecting the 161-kV alternate offsite source. When the unit board incoming
breaker is actuated on backup overcurrent, it locks out the unit board transfer
to the alternate siurce, thereby protecting the alternate offsite source.
Also, once the fault is cleared by the switchyard breakers, the unit board can
transfer to the protected alternate source and, in turn, power the vital
shutdown beards. The cortbination of these features provide a sufficient
basis for the staff to conclude that, until the breaker capacity problem is
resolved, a fault e9 5 unit board, coupled with a load breeker failure and an
inccMng breaker failure, will not result in an inability to supply the vital
shutdewn boards from a reliable source of off site power. Therefore the staff
concludes that oc single fault will disable any more than one of the redundant
auxiliary power trains nor will ar,y single fabit interrupt offsite power from
the preferred and alternate soure:es to ar.y other bus. This ccnclusion is
independent of whether or not any 6.9kV circuit breaker exposed to the fault
fails to clet.r.

In its letter of August 10, 1987 TVA comitted to resolve the problem of unit
bot.rd brea'Ker C$pability. This will be done after Unit 2 restart. To ensure
thtt this issue is resolved, the staff requires that a detailed description,
analysis, and installation schedule fer implementation of corrective acticns
be submit w d for staff review before June 30, 1989. TVA has comitted to
provide this information. The analysis is to include revised fault
calculations for both unit and shutdown boards. These calculations shall
demcnstrate that after corrective action, all circuit breakers will always ,

'cperate within their service capability as cefined by appropriate standards
and verified by test or manufacturer's guarantee. On this basis, the staff

concludes that the fault calculation for the 6.9-kV system provides reasonable
assurance that the 6.9-kV system will provide sufficient capacity and
capability to reet its safety function as defined in 10 CFR 50, Appendix A,

,

GDC 17. |

The staff notes that Revision 1 to calculation APS 008, dated June 1, 1987, and
submitted to the staff for review includes analysis of Unit 1 and the effect of
two unit cperation on fault levels. Also the revised calculation reflects
verification of technical data on motors and cable lengths based on walkdown
dat1. Therefore, there are no unverified assumptions remaining in the
6.9-kV fault analysis and the analysis as reviewed is applicable and acceptable,
subject to the limitations discussed above, for Unit I as well as Unit 2
operation.
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2.3.3.3 General Conclusions on the Sequojah Electrical Calculations Program'

On the basis of its review of the electrical calculations, the staff finds that

TVA's analysis includes the essential auxiliary power systems required fer*

safe plant operation.a

The input data is sufficiently comprehensive and detailed for*

consideration of all modes of plant operation. The calculations assumed
worst-case system and plant conditions. The methodology used in these '

analyses was appropriate for assessing problems in the systems. TVA has
stated that it will correct the problems 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 comitment to
implement the proposed resolutions before restart.

The content and format of each system calculation is adequate for*

documentation purposes.

All documentation of the electrical calculations necessary for restart is*

in-place and up-to-date by computer program for easy manipulation (i.e.,
data is retrievable for maintenance and update). ,

'Thus, the staff believes there is reasonable assurance that the systems
! addressed will provide safe restart and operation of Sequoyah Unit 2.

1

2.3.4 Branch Technical Potition PSB-1

2.3.4.1 Introductinn ,

The staff reviewed an October 2, 1980 verification test done at Sequoyah in
response to PSB-1 requirements and found inconsistencies between the load

,

values used in voltage distribution studies and those deternined by the test. '

| In addition, changes had been nade in the configuration of the auxiliary power
system and in the computer programs used for voltage drop calculations.
Therefore, by letter dated March 26, 1986, the staff recomended that IVA ,

!perfonn a new verification test, as prescribed by BTP PSB-1.

During a meeting with the staff on April 16, 1066, TVA presented additional
information and clarification to its test report (submitted to the NRC on *

.

October 3, 1980) to support its position that additional verification testing L
'

'of the auxiliary power system was not necessary. Subsequently, TVA agreed to
provide those items listed below.'

A confirmatory analysis to demonstrate that the new computer prograr is*

comparable to the computer program that was used in the original test
i report. TVA will use the same load values with the new computer program i
'

and compare the calculated voltages,

i

l
j
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Analyses to demonstrate that there is no significant configuration change
between the 1980 and 1986 systems. TVA will use the data from the tests
of July 12 and 16, 1980, with the 1980 and 1986 system models and compare
the calculated voltages.

Hore 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 its 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 infortred TVA of its
conclusion by letter dated August 1,1986, and transmitted additional
questions on August 7, 1986. TVA responded by letters dated September 11
and December 3,1986.

The staff's evaluation of TVA's information on the need for verification
testing is presented below.

2.3.4.2 Evaluation

Computer Hardware and Program Chances

The mainframe computer and its VHEW program that were used for the previous
verification tests have been replaced by the personal computer and a new
program called RADIAL. The staff was concerned whether the new program is
equivalent to the old program in analytical techniques and assumptions, and at ,

the April 16, 1986 meeting, the staff asked TVA to provide a confirmatory
analysis using the July 12, 1980 test configuration to demonstrate that there
is no appreciable difference in the calculated voltages of the two programs.

The TVA comparisen analysis was submitted on June 2, 1986, and included a SWEC |
.

computer program. TVA ran all three programs using identical loads for each j
board. The results are given below.

Computer Program (Predicted Voltage)
Board VNEW RADIAL SWEC

6.9-kV Start Bus A 7152 7151 7148
6.9-kV Start Bus B 7011 7008 7005 l
6.9-kV Unit IB 7011 7008 7005 i

6.9-kV Shutdown 1A-A 7004 7002 6998 i

480-volt Shutdown 1Al-A 495 495 495 l

480-volt Reactor Vent 1A-A 483 483 Not conducted |
|

The staff found no apprecisble differences in the voltage values that were
obtained from the three computer programs. These results indicate that the
analytical techniques 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
program only has been verified for the steady-state case down to the 480-volt
level.
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In its August 1, 1986, letter, the staff asked TVA to provide additional
justification for not perforraing 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
powel systems as (1) the 120-volt ac vital instrumentation and control power
systen (VCPS) fed from the vital inverters and (2) the Class 1E 120-volt ac
MCCs supplied from the 480/120-volt control power transformers. For the
120-volt ac VCPS, the vital inverters are designed to maintain the output
voltage regulation within +2 percent of 120-volt ac, witn an input voltage of
480 velts ac, +7.5 perrent. In addition, when the 480-volt ac input is lost
(or acceptably degraded) the battery will supply the loads with no interruption
of regulated power.

For the Class 1E 120-volt ac vital control power for MCCs, TVA referred to its
recent transient voltage calculations, which were performed under worst-case
conditions (i.e., the worst expected transiant voltage at each MCC) to
demonstrate that adequate voltage exists to pick up the control devices
(e.g., motor starter, solenoids, and relays) for expected transient conditions.

The staff found that (1) TVA's new computer program can adequately (predict theresponse 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 degraded 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 desion 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 cor. trol power system. Thus, no additional tests to demonstrate
system respense at the 120/208-volt level are necessary.

Change of 100 Valve Motors

The steff also was concerned that the replacement of 100 valve niotors with ]
motors of different electrical characteristics might affect the plant's steady- 1

state load, necessitating a re-analysis of the new system loadings.

However, TVA indicated that this change will affect only the transient loading 1

and voltage; the steady-state load remains the same. Therefore, the staff I

fir.ds that the change of 100 valve motors represents no overall load increase
for the steady-statt. condition.

Acdition of Two Start Buses and One Common Station Service Transfomer |
l

The staff expressed concern that TVA had added two raw start buses, which !
could result in new loads or impedance. In response TVA explained that the |
buses had not actually been added, but that two start buses had been split |

into four; thus nc new loads or impedances would be added. Although a third '

concon station service transformer has been added, the circuit breakers are
normally open, making the transformer available as a backup for either of the ;

other station service transfomers. TVA demonstrat'd that this change has !

little effect on the overall configuration of the a wiliary power system by
comparing the voltage analyses of the 1980 (two start buses) and 1986 (four i
start ouses) configurations. The ccmparison was perfomed using the test data
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of July 12 and 16,1980, and the new ccmputer program. The results were shown :
in the Sumary Tables I and II of the TVA re-analysis report transmitted by
TVA on June 2, 1986. They are summarized below:

!

Configuration (Voltage)

Test 1* Test II**

Board 1980 1986 1980 1986

6.9-kV Start Bus A 7154 7155 7045 7041
6.9-kV Start Bus B 7051 7045 7067 7062
6.9-kV Unit IB 7051 7045 7067 7062
6.9-kV Shutdown IA-A 7044 7038 7060 7055
480-volt Shutdown 1Al-A 501 500 501 501
480-volt Reactor Vent 1A-A 493 500 494 501
Start of the ERCW pump

(Term. V) Not conducted 6705 6695
Start o' auxiliary building
exhaust fan IA 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 apareciable ,

voltage difference (a maximum difference of 1.5 percent) between t1e 1980 and
1986 configurations which indicates that the new configuration has not
significantly changed the old electrical system configuration.

Re-analysis of the 1980 Verification Test Results

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

'

TVA had compared the calculated board voltages (based on load values
derived from breaker alignn nt and the supply voltages) with the board
voltages obtained from the tests. This procedure deviated from BTP PSB-1
(PART B.4), which requires loads and voltages for a given test configuration
to be measured, with these measured load values then used on each board as
input to the computer model to calculate the voltages; subsequently, the l

analytically derived voltage values and the test results are compared. During i

the meeting on April 16, 1986, the staff asked TVA to perform new analyses
using the load values obtained ouring the tests as input to the new computer
program, to be consistent with PSB-1. These results, as given in the ;

submittal of September 11, 1986, are given in the following:
,

1
i
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| Test 1* Voltage Test I!** Voltage

Board Heasured Analysis Percent Neasured 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-

i 6.9-kV Unit 1B 7100 7051 0.7 7090 7067 0.3
1 6.9-kV Shutdown 1A-A 7000 7044 0.6 7100 7060 0.6 !

480-volt Shutdewn 1Al-A 495 501 1.2 500 501 0.2 !
480-volt Reactor Vent 1A-A 484 493 1.9 489 494 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 1.6 :

Based on data of July 12, 1980.*

Based on data of July 16, 1980. |
**

!

!

TVA used board meters, test meters, and Brush recorders for taking test
3

i 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
j all measurerents were taken by board r'eters whose accuracy was limited to 5
e percent. (Because the staff had not specified the allowed accuracy limit in

Position 4 of FSAR Question 8.33. TVA established a 5 percent tolerance asj
i the maximum acceptable difference between the measured voltages and calculated
j voltages.)
r

| BTP PSB-1 (Part B.4)

TVA had performed the 1980 verification tests at Sequoyah in response to FSARi

; Question 8.33. Subsequently, BTP PSB-1 (Part B.4) was issued as part of the ,

NRC Standard Review Plan in July 1981. Part B.4 of PSB-1 provides detailed
.

guidance on the performance of verification tests..

t

: Although Question 8.33 does not explicitly include all of the guidance of
3 Part B.4 of PSB-1, it does so by implication. Therefore, the staff evaluation
I of the 1980 tests was 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 4 ofa

! Question 8.33 is the same as that of Part B.4 of PSB-1, even though the PSB-1
j requirements are more specific.

The specifics of Part B.4 of PSB-1 are given below:
1 loadino the station distribution buses, including all Class IE buses*
1

i down to the 120/208-volt level, to at least 30 percent
;

; TVA SER Vol. 2. Part 1 2-49 Revised Preliminary Report
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recording the existing grid and Class 1E bus voltages and bus loading (|
*

down to the 120/208-volt level at steady conditions and during the ,

,

starting of bcth a large Class IE motor and a non-Class IE motor !'

(not-concurrently) (Note: to minimize the number of instrumented ;

locations (recorders) during the motor starting transient tests, the ;

', bus voltages aad loading need only be recorded on that string of buses '

that previously showed the lowest analyzed voltages.) |.
.

| using the analytical techniques and assurptions of the previous voltage'

; analyst.s and the measured existing grid voltage and bus loading i

conditions recorded during conduct of the tost, calculating a new set !
|' of voltages for all the Class 1E buses dawn to the 120/208-volt level |

,

comparing the analytically derived voltage values against the test results !'

i -

| With good correlation (within 3 percent) between the analytical results and the ;
test results, the validity of the mathematical model used in the voltage
analysis is established. However, the above procedure involves testing both :

the steady-state and transient response characteristics. The transient testing f

recuires starting both a large Class 1E and non-Class IE motor. !
,

:

The intent of such a transient test requirement is to detect potential spurious i;

j load shedding or separation of a Class IE system fron offsite power when a J

1 large motor is started. The ability of the computer model to predict the '

|
effects of the motor transient in the system is verified by cocparing the data !
Deasored during the transient test with the computer-predicted transient
values. When both the steady-state and transient W 1yses are complete, the

,

validity of the nathematical model is verified..
,

;

| On the basis of its review of TVA's submittal of June 2,1986, the staff has
concluded that there is reasonable assurance that TVA's new computer program
can adequately predict the steady-state response characteristics of the !

!
j Sequoyah auxiliary power system. The staff's findings regaroing the transient
3 aspects of the PSB-1 test are given below. ;

,
' ( The test report showed instrument recording problems indicating that '

: starting motor dip values were not reliably established. (There were no |

! transient data for the motor and the Class 1E buses.) t

i
j The selected motor sizes (700 ard 150 horsepower) were rot large enouoh to*

showanysignifictnttransienteffect(thedipwasonlyfororecycle). ;t

BTP PSB-1 (Part B.4) requires starting both a large Class 1E and a large |
non-Class IE motor (not concurrently). j

^

1<

1 No transient voltage analysis had been performed by comparing the results'

I of calculations performed by the new computer program with the data
obtained during the starting of large motors.

3

a

j In addition to its evaluation of August 1,1986, the staff also transmitted to
j TVA on August 7,1986, a request for additional infomation on the transient

aspects of the PSB-1 test. TVA responded in letters dated September 11 and
| DeceToer 3, 1986. In the absence of an explenation regarding the transient

measurements taken during the starting of lar e motors and how these valuesi

were used to detemine that the computer mode could accurately predict

i
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transient effects TVA provided the Brush recorder traces (voltage and current) ,

taken 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 voltage values for the equipnent were compared with the

old (VNEW) and new (RADIAL /1?SO and 1986 configuration) voltage values
calculated from the computer programs. The results are given below:

.

Calculated Voltage |

Measured VNEW RADIAL, RADIAL, Difference (".) .

'

Equipment (hp) Voltage 1980 1986

ERCW pump 700 6787 6763 6703 6695 1.4
ABGS fan 150 466 449 459 458 3.8

,

' TVA found a maximum deviation of 3.8 percent between the measured voltage and
the voltage calculated using VNEW and loadings derived from the closed circuit
breaker configuration and individual load ratings. The deviation is more than
the 3 percent guideline in PBS-1; however, the measured voltages are within
2 percent of the new computer program voltages derived using measured bus load !

values. Therefore, the staff concludes that TVA's new computer model can 1

accurately predict the transient response of the system. ,

With respect to the request that it "provide the brush recorder traces of load |
j currents obtained during the motor startirg transient tests which were used in |

the transient calculations performed after the test to predict system bus
voltages," TVA provided the neasured starting and running currents for Phases A !

and C of the 6.6-kV ERCW pump and 460-volt ABGS fan. Although the Brush
recorder traces included both the voltage and current measurements, the main
focus of PBS-1 deals only with the voltages available in the Class 1E buses. i

tTherefore, the treasured current values were not used to calculate bus voltages,
but were provided to show the actual length of the motor starting transients as !i

opposed to the voltace traces, which char.ged 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 i

the measured voltage values. The results were found ts be the same. In its
1 review of these recordings, the staff found a difference in the Phase A and

Phase C running current values, which could be indicative of a phase unbalance i

condition or a motor abnormality. In addition, if these unbalanced current
values were used, they could affect the system bus voltage calculations.

By letter dated December 3,1986, TVA explained that the differences in the
current readirgs 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 between Phases A and C was substantiatea by ai

I certparison of the board instrumentation meters measuring the same currents.
(The board r,eter readings indicated no substantial differen:e in currents for'

Phases A and C.)-

| The staff has reviewed the /ecordings of the voltage traces and finds them
i consistent with TVA's discussion of the motor transients. Thus, the staff

finds that no actual unbalance of moter phase currents existed and that the
voltage traces are adequate for the PBS-1 analysis.
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To address the one-cycle voltage dip experienced during the motct-starting !
'

transient test, TVA provided the Brush recorder traces of the tenninal voltage*

and current for the 6.6-kV ERCW and 460-volt ABGS fan, which were obtained'

during the notor transient tests. The current traces clearly indicated that '

,

the acceleration times were about 1 second for the ERCW punp and about 7 seconds *

for the ABGS fan. From the voltage traces, TVA determined that the 6.6-kV ERGl .

pump motor start did depress the terminal voltage for approxinately the !

|
acceleration time (i.e., 60 cycles). However, the measured voltage dip for i

the 460-volt ABGS fan was for only approxinately 6 cycles. For both cases,

the worst part of the voltage dip occurred during 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 either the 6.9-kV or the 480-volt switchgear buses '

during motor start.
4

On the basis of its review of TVA's Brush recorder traces, the staff finds the
TVA assessment of the motor-starting voltage transient acceptible.

The staff also expressed concern about whether conservatism was used in
calculating the effects of starting large motors. 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 irpedance while
! accelerating. Our calculations assume that the voltage dip is at its lowest

point for the entire acceleration time o' the motor." Further, TVA stated:'

"Our transient analyses model the 6.9 kilovolt shut 4wn board voltage
, depressed at the 1 cycle voltage for the entire ar'. aeration tire of the
' 6.6411ovolt required starting loads."

The staff finds that the TVA transient analysis model represents a more
conservative condition with respect to the notor-starting voltage and its '

duration for the voltage recovery time. Therefore, the staff concludes that 6

j the TVA nethod for calculating the effects of starting large motors results ;

i in a more conservative transient voltage calculation than the exponential
~ 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'

approximately 2 minutes after a safety injection and Phase B containment
i isolation with the 161-kV grid at 159 kV. TVA stated that although the

voltage at the 6.9-kV Class 1E boards dipped to 6761 volts when thea

6000-horsepower reactor coolant pump was started, it recovered to 6902 volts<

) after approximately 14 seconds. TVA stated that this voltage transient would
not actuate the 6.9-kV Class IE shutdown boards degradtd voltage relays, and

| that adequate voltage would be available for Class 1E loads,

i The staff has reviewed this assessment and concludes that the Sequoyah
; auxiliary power system is capable of successfully starting a reactor coolant

pump following an accident under minimum grid voltage without adversely"

affecting Class 1E loads.

.

1

j

i
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2.3.4.3 Conclusions
i

: The staff finds that:
1

The new configuration has not affected the overall voltage profile of the*

6.9-kV boards,
f

The change of 100 valve motors represents no overall load increase. !*

The replacenent of the VNEW computer program with the RADIAL program*

i is acceptable. ,

;

Although Position 4 of FSAR Question 8.33 (which applies to Sequoyah)*

contair.ed no specific accuracy requirement and the measurement accuracy :-

of Sequoyah was 5 percent, the consistency of the results between the
analyses and test values (within 2 percent shcws that the model
consistently predicts steady-state system performance.

Although no test and analyses were performed down te 120/208-volt level **

(where the ability of the Class lE control circuit to pick up the control
devices such as the starter, relay, and solenoid is determined), TVA has
demonstrated that adeouate voltage is available to components supplied by

,

; the 120-volt ac control processing. Therefcre, no additional tests are
necessary.

1

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

The TVA justification regarding the 120-volt ac control power system*
,
'

design features and calculations is acceptable, and no additional
',

! PSB-1-related steady-state and transient tetts for the 120/208-volt
] level are necessary.
;

Review of the Brush recorder voltage and current measurements taken at*

the termirals of the ERCW and ABGS r'otors and the supporting information
provided by TVA showed that (a) the differences between the calculated

,|

'

transient voltages from the new computer program and the ineasured
,

transient voltages are within the PSB-1 guideline; (b) the one-cycle
,

voltage dip is an accurate measure of the actual minimum transient |

voltage; and (c) the difference in recorded currents (between Phases A |
'

!and C) is the result of a recorder calibration problem and is not'

3 indicative of a current-unbalance problen, j

$ In cor.parison with the exponential voltage recovery model normally used*

in calculatino the effects of starting large motors, TVA's transient
analysis modei, which assumes the voltage dip at its lowest point for4

the entire eccelerating time of the motor, is conservative.
!

The replacenent of the VNEW computer program with the RADIAL program' '

is acceptable.
|

TVA's worst-case calculation for voltages on Class 1E buses shows that*

the auxiliary power system is capable of successfully starting a reactor
coolant pump following an accident.

|
i
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On the basis of its revlea of the steady-state aspect and transient
calculations provided by TVA, the staff concludes that TVA's new ccmputer |

:
; program can adequately predict the transient and the steady-state responses
) of the Sequoyah auxi'iary power system. Thus, a new verification test for |
| the auxiliary powered system voltage study is not required.

'

2 TVA originally asserted that the voltage 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 calculction and test data
associateu with OG operation, the staff concluded that steady-state operationa

of the DGs was in fact bounded by the above results. However, the staff"

j concluded that, during the automatically sequenced loading of the EDGs, voltage
j transients could occur which are more severe than anticipated in the FSB-1

transient analysis. Therefore the staff required TVA to do separate
rcalculations to analyze operability of safety related electrical equipment

i during DG loading. These calculations are evaluated in 2.3.3.2, above, and
the staff concluded that margins were adequate.

2.4 Alternately Analyzed Piping and Supports

i 2.4.1 Introduction

SNPP Section 111.5 describes a TVA program to verify the adequacy of piping and
pipe supports that had been installed and qualified by alternate analysis (AA)
criteria. TVA's AA criteria use general criteria and guidelines to locate,

supports in lieu of rigorcus piping analysis.. The AA criteria were generally ,

used for nuclear safety class piping systems that are 4 inches in diameter and'
,

smaller, with some exceptions as discussed in the SNPP. Nuclear safety class ;

piping is defined in Section 3.2 of the Sequoyah FSAR. AA criteria also were |
'used for the design of some piping that is not nuclear safety class, such as

piping Category 1(L) systems, which are designed for seismic loads to prevent
; unacceptable interactions with safety class structures and components. The s

j 2-inch and snaller AA piping was generally qualified and supported by the field
organization using a series of typical support drawings. The larger AA piping;
sizes bad uniquely engineered pipe support designs. L

-

TVA initiated the AA program to address several deficiencies identitsed with
the AA piping designs and the AA design documentation. As a result of these

.

deficiencies TVA issued nonconformance resorts and significant conditionj
reports related to the implementation of t1e AA criteria. In addition, the TVA1

i Unployee Concerns Program had raised a concern with TVA's resolution of all AA
j discrepancie; in the nonconforrance reports. The Employee Concerns on AA
: piping will be addressed in a separate staff evaluation.
1

J TVA contracted with Earthquake Engineering Inc. (EQE) to evaluate Category !(L) 1

| AA piping systems. EQE conducted walkdowns of Cate2ory I(L) piping systems '

Iand reviewed a sample of the interfaces between Category I(L} piping and'

q deadweight supported piping. EQE compared the Sequoyah piping configurations I

, with the EQE earthquake data base; piping and supports not covered by their
data base were evaluated,'

i
i TVA is conducting a two-phase program to resolve the concerns on the Category I

(safety class) J piping systems. Each phase of the progran is discussed
in the following.

|

|
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2.4.2 Evaluation

Phase 1 Scope

TVA provided a description of the Phase I program activities in Section ,

111.5.2.1 of the SNPP. The restart program implerentation was controlled by
nine program procedures. SQN-AA-001 through SON-AA-009. The staff audited the
Phase I program during the week of October 6,1986. The audit team consisted
of staff members and consultants from Brookhaven National Laboratory. The
audit focused on the restert program scope, interim acceptance criteria, and
p;ogram implementation.

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

as discussed earlier.

The Phase I scope ircluded the areas of concern listed below:

consideration of the effects of anchor movements at the interface of'

large, rigorously analy:ed piping systems - The effects of large,
-igorously analyzed piping system deflections at the attachment point to
AA pipire systems had not been adequately evaluated in all areas. These
deflections could result in excessive stress in the AA piping and
excessive leads on the supports.

consideration of the torsional effects of large, motor-operated and pneu-''

matically operated valves in small diameter piping The torsional loads
that would result during a seismic response of the valve operators, had not
been adequately evaluated in all cases. These torsional loads could result
in excessive stresses in the piping and excessive loads on the supports,
in addition, large displaceunts 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 designeo AA piping systems at the
interface boundary - The effects of the deadweight supported piping on the
seisnic supported AA piping systems had not been adequately evaluated in
all cases, l.arge seismic deflections in the deadweight supported piping
could result in excessive nipe stresses or leads in the seismically
analy7ed AA piping systems. The restart program evaluated pipe sizes
greater than a 2-inch nominal diameter. This issue is a greater concern
for 'arger diameter piping systems because of the larger piping loads that
could be generated,

consideration of themal flex 4t.ility analyses for piping systems with
operating tenperatures greater than 200*F - Thermal expansion flexibility
analyses may not have been adequately per?omed in all cases. Excessive
thermal expansion stresses in the piping system could result in fatique or
strain ratchet type failures in piping af ter repeated heatup and cooldown
cycles. This issue is a greater concern for high temperature piping
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systems where thernal expansion deflections that must be accommodated by
piping flexibility are greater. |

t

j The staff evaluation of restart program implementation was based on an audit of
'

the Unit 2 program. During the audit, the staff and its consultants reviewed !

the program procedures and sample calculations, and conducted a fie16 -

| inspection of sample piping / support system runs. Piping documentation packages
were reviewed to identify Phase I areas of concern. Identified areas were then >'

screened against simple criteria. For example, if 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 perfonned simplified hand
calculations or computer analysis to qualify the piping. Pipe support loads ,

j were then compared against design loads. If support loads exceeded design j

loads, a detailed pipe support evaluation would be perforced. Piping / support'

systems that did not qualify were modified. TVA's proposed support criteria
were used to desigr the modifications.

1

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 potential short-term safety concerns. The package
review covered all levels of analysis from simple screening to detailed
computer analysis. In addition, a field inspection was conducted for two'

.

; sample piping systems in the reactor building and twc sample systems in the
i auxiliary building.

! On the basis of this audit, the staff concluded that TVA had adequately defined
i and was adequately implementing a program to ensure that short-tenn safety ;

j concerns would be identified, evaluated, and resolved before plant restart.
However, two items were not fully resolved during the audit:

TVA was unable to provide the basis for the deflection criteria that :*
'ensure that pipe supports are rigid, in a letter dated January 28, 1987,

TVA stated it will perform an evaluation during the long-term program to
justify the adequacy of the criteria. This was acceptable to the staff.

The staff field inspection identified icose washers in unistrut clamp*

supports. TVA provided information on a current holt-tightening program
that will correct the problem. This issue was addressed in a separate
staff evaluation dated March 11,1988(b)onunistrutsupportdesign.

! Following 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.

j piping and pipe supports in the restart program. The criteria were developed
i so that the restart program could be performed in a timely manner, with
j minimum support modifications. The criteria are not in accordance with FSAR
: commitments or with current code requirements; they are, however, intended to
j provide increased confidence that the piping / support systems, required for
; Chapter 15 accident nitigation and safe shutdown are adequate for short-term
i opera ticr.. TVA provided additional information and subsequently eliminated
! seme of the originally proposed interim criteria in submittals dated
; Septenber 4 and November 10, 1986, and August 17, 1987. TVA stated that
j piping and supports that meet the interim criteria, but not the long-term

criteria, will not be modified before restart but will be re-evaluated and,a

! if needed, modified during the long-tenn program.
!

i
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j TVA originally defined the proposed interim criteria in terms of exceptions to ;

; FSAR comitments. These exceptions and the staff's evaluations of them are !

j listed below: !
1

Piping Criteria Exception: Secondary stresses resulting from seismic i*

anchor moverents (SAM) and thermal plus therral ancher moverents (TAM) t

i will be evaluated for piping systems greater than 200'F. For piping
'

j systems 200'F or less, secondary stresses resulting from SAM plus TAM
I will be evaluated. j
1

Evaluation: Consistent with the Phase I scope, thermal expansion !

; stresses were generated for piping systems with maximum temperatures j

exceeding 200'F. For piping systems 200*F or less, thermal expansion .

stresses were not calculated. The small thermal deflections for piping i,

systems 200*F or less are a concern when a large number of themal ,
4

stress cycles are anticipated. The staff concludes that the exception
does not represent a significant risk to plant safety based on the |
limited number of thermal cycles anticipated for interim operation; i

]
therefore, this is acceptable.

| Pipe Support criteria Exceptions: |
*

,

j Exception 1: Only safe-shutdown earthquai.e (SSE) seismic loads will be !

; evaluated; operating-basis earthquake (OBE) loads will not. !
i !
! Evaluation: The staff concludes that this exception is acceptable for I

interim operation because OBE loads are, by definition, swaller than SSE |
loads. Therefore, a denonstration that the plant can be safely shut down ;

for an SSE ensures that it can be safely shut down for an OBE. |

Exception 2: The effects of friction loads resulting from thermal growth
; need not be considered in the re-evaluation of existing supports. ;

1 i

! Evaluation: The staff concludes that this exception is acceptable for
j interim operation because friction loads are not expected to be significant. !

! TVA had performed a study for the Watts Bar plant pipe supports that |

i demonstrated that friction loads do not generally govern the design of |
I supports. In a letter dated January 28, 1987, TVA committed to perform a !

) similar study for Sequoyah as part of the long-term program. '

;

} Exception 3: The allowable loads for expansion anchor bolts will be
based on a minimum safety factor of 2.5 for wedge bolts and 2.8 for<

! self-drilling anchors.
i
1 Evaluation: These allowables are consistent with the plant's original i

j design basis, in the long-tere program, TVA will ensure that IE Bulletin )
3 79-02 safety factors (that is, 4 and 5 for wedge bolts and self-drilling 1

anchors, respectively) are met. This is acceptable to the staff.'

; In addition to the proposed interim acceptance criteria, TVA has also proposed
i criteria for support evaluations taken from Section 3.8.4 of the current NRC
j Standard Feview Plan and from Subsection NF of 5ection III of the ASME Code.
]

These criteria are not in accordance with the Sequoyah FSAR; nonetheless, the
i

use of these criteria on an interim basis is acceptable to the staff.
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However, the long-tem program should use the criteria that meet the
'

! cermitments in the FSAR.

Phase II Scope
a;
!

| TVA discussed the scope and activities of the Phase II effort in Section 5.2.2
I

of the Si1PP. Phase II will evaluate the remaining category I AA safety class -

! piping systems not required for restart for the areas of concern identified in ;

! the Phase I program. Phase li also will address instrur.ent lir,es and tht.ir i

j supports. The acceptance criteria for Phase 11 will be TVA's established ;

design criteria for piping and supports. TVA presented the scope and the !
; schedule for Phase II in a letter dated April 8,1987(a). In addition to the" :

!deficiencies evaluated in the Phase I program. TVA also will address the areas
,

j of concern listed below in the Phase II program.
:

consideration of thera l flexibility analyses for piping systems with i
*

operating temperatures between 120*F and 200*F
'

;

$ onsideration of the interface between AA piping and deadweight supported ;

; piping for pipe sins less than or equal to 2 inches in nominal diameter '

\ consideration of the effects of loi.g piping runs and large concentrated j*
:

f
weights .

The bases for resolving t5e additional deficiencies in the Phase II scope are f

1

j discussed below.
i

The deflections resulting from thermal expansion are relatively small and would |
1 not produce gross distortien or failure of piping systems with operating '

temperatures less than 200'F. Although the themal deflections for these ;

systers would not be large, it is possible some of these systems could i
,

exceed Code allowable stress limits. If the code allcwable stresses were ?!

I
exceeded, the main concern vould be the potential for developing fatique j

j cracks after a rueber of thermal stress cycles. The staff agrees with TVA's
Jconclusion that for 'ow temperature systems, the small possibility of such

fatigue cracking does not represent a significant risk to plant safety for'

short-terin operation.

The staff concludes that evaluation of the interface between AA piping and |
deadweight-supported pipirg for pipe sizes less than or equal to 2 inches in |1

dianeter need not be considered in the restar. program. The weight of small I
'

di1reter pipirg is relatively small; consequently, any seismic loadings on
this piping would be relatively swall. Seismically designed valves and
equipment and supports at the interface of seismic and deadweight-supported !

piping are normally relatively stronger for smell piping than for larger
piping. It is, therefore, unlikely that movenent of the deadweight-supported
piping would result in their propagation of a pipe break into the seismic

| piping.

The staff concludes that evaluation of potentially inadequate supports for
j long piping runs (in the axial direction) and large concentrated weights need
! not be considered in the restart program. TVA addressed the nost significant
i cencentrated weights, and motor-operated and pneumatically operated valves in
j the restart program. Frictional effects fron vertical and lateral supports
1

i |
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!

|

} would reduce any theoretically calculated responses for long runs of piping. ;

1 Therefore, the staff agrees with TVA's (valuation that potential deficiencies |
t with long piping runs and other concentrated weights do not represent a |

l short-tern safety concern. |
4

| 2.4.3 Conclusions

| The staff concludes that TVA has defined an adequate program for resolution of
short-tem safety concerns required for plant restart. On the basis of its'

,

audit of sample design packages and a field inspection of sample Unit 2 piping j

systers, the staff found that the program was adeouately implemented. The
; staff concludes that completion of the Phase I program for Units 1 and 2 will
| provide confidence that sufficient safety margins exist--in the design of AA

piping / support systems required to mitigate FSAR Chapter 15 events and safely i
!shut down the plant--to allow the plant to restart.
>

; 2.5 Cable Tray Supports

TVA's original design criteria for cable tray supports were developed between
1972 and 1974. Although these design criteria included the effects of

i earthquakes, they did not consider the effects of design-basis accidents
i (DBA). In 1975, TVA revised the original desijn 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
1 tray supports attached to the steel centainment vessel (SCV); however, other
; deficiencies found in 1984 and 198f dictated a thorough review of the adequacy ,

of all the cable tray supports. During that review TVA discovered that the
existing cable tray supports could not satisfy the basic conmitments made in :

the FSAR. At a neeting on July 17 and 18,1986 TVA proposed a set of interim !;
' acceptance criteria for cable tray supports that were less stringent than !

! those in the FSAR. As a part of its request, TVA elso committed to restore
! the original FSAR criteria for the affected cable tray supports in an orderly
) manner af ter restart.

| The staff evaluation consisted of (1) ensuring that the proposed interin |

| acceptance criteria were justifiable from the standpoint of safe operation of
J the plant and (2) confirming that the design calculations for cable tray
I supports were, as a minimum, in conformance with the interim criteria. The
j staff and its consultants (Brookhaven National Laboratory) visited the plant

twice and met with TVA once July El through 24, 1986, ard a more extensivei

I audit during September 29 through Octobei 3, 1986. Specific requests for
J additional information were developed as a result of these meetings.

l TVA responded to the questions resultire from the July 21 through 24, 1986
' meetings in a letter dated August 18, 1986. This report discusses the

justification for the interim acceptance criteria and how the criteria were
to be irplemented.

.

During the audit of September 29 to October 3, 1986, the staff (1) evaluated
i the cable tray support walkdowns perforred by TVA by physical inspection of
i the plant, (2; reviewed the calculations perforned by TVA to evaluate the

adequacy of cable tray support systems with respect to the interim acceptance:

criteria, (3) reviewed additional data supporting the interim acceptance
,

criteria, and (4) evaluated a portion of the concrete strength test data.4

: !

t ;
'
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2.5.1 Interim Acceptance Criteria [
i

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-basis accident (SSE/DBA) loading, as
compared with the 5 percent allowed in the FSAR. To support these criteria, ,

TVA 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
Sequoyah have the natural frequencies and general characteristics of those
tested. |

Another plant was allowed to use 15 percent damping for its cable trays,'

which are very similar to those at Sequoyah.

NRC RG 1,61 allows 7 percent damping for bolted structures. While some*

of the cable tray supports are welded, most of the mass is on the trays,
which are bolted to tre supports.

A considerable amount of data indicates that danaing in cable tray systems is
'

greater than 5 percent for SSE-type loadings. T11s occurs because of the
considerable dunping in the cables themselves and in the cable connection to
the tray. During the walkdowns performed in the week of September 29, 1986,
the staff verified that tr.e Sequoyah cable trays and cable tray supports are ;

generally similar to those tested and found acceptable in other nuclear power ;

plants. The staff believes that those cable tray tests (which indicate
damping values in the range of 10-20 percent) are applicable to Sequoyah. In

iaddition. TVA has performed calculations to determine the effect of this
increase in damping. The typical stress ratios (defined as actual
stress / normal stress allowable) are given below for cable tray supports in the
auxiliary building.

Stress ratio

Support Member 71 dampino Si damping

Section-P Hain member 1.397 1.397
Bracket 0.532 0.554
Joint 0.516 0.521
Anchorage 1,49 1,51

1G Main member 1.038 1.045
Bracket 0.863 0.375
Joint 1.154 1.277
Anchorage 1.403 1.55

5 Main member 1.04 1.005
Bracket 0.555 0.558
Joint 0.55 0.584
Anchorage 1.13 ?.17

i

I
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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 danping i

from 5 percent to 7 percent has little effect en the stress ratios. Thus, for !

!
restart purposes, the 7 percent damping proposed by TVA for DBA/SSE loading is ;

,

: acceptable to the staff.
1
! (2) DBA/SSE Load Combination |
4

j in the FSAR, TVA concitted to use the absolute sum combination of SSE and DBA
j loading effects. TVA now proposes to use the square root of the sum of the |

squares (SRSS) combination for the interim acceptance criteria. TVA contendst
.

j 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.
1

TVA's proposed approach is reasonable becauce of the uncoupled nature of the iJ

j SSE and DBA loadings. Both loads are dynamic, and the absolute sun of their i

! 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 !4

j coincided. The probability of such a coincidence is rather low. Thus, the !

!
staff finds the SRSS method a reasonable load combination approach for plant .

] restart and it is acceptable. I
|

(3) Elimination of 1/2 SSE Load Case i,

I
| In the FSAR. TVA cumits to considering the SSE and 1/2 SSE loads. TVA now

proposes to use the SSE loading only for the interim acceptance criteria. TVA :-

i argues that the SSE case is usually more severe and that the safe shutdown of !

| the plant is ensured if the SSE criterion is met. :
; l

. The 1/2 SSE Icad is, by definition, less than the SSE load (ignoring the effect i

| of the dampirg ratio). Generally, when the computed SSE stressos are compared '

with the SSE stress allowables, the computed stresses tend to be more critical ;
4

} than they are in corresponding stress comparison for the 1/2 SSE case. However,
| several of the proposed interim acceptance criteria relax the allowable stresses

for the SSE loading case. This could, in some ins +.ances, make the 1/2 SSE
,

1 loading case more critical than that of the SSE from the standpoint of design,
i However, a den.onstration that the plant can be safely shut down for the SSE
j automatically shows that it could be safely shut down for the 1/2 SSE.

Additionally, the plant Technical Specificatir,ns require plant shutdown afteri

; a seismic event that equals or exceeds the 1/2 SSE acceleration levels. The
i proposed elimination of 1/2 SSE case is acceptable to the staff on an interim
j basis,

i
i (4) Allowable Stresses
I
i In the FSAR, TVA makes a comitment that the cable tray support stresses be
) less than 0.9 times the yield strength for SSE/DBA leading. TVA now proposes

to change this requirement to 1.7 times the American Institute of Steeli

Construction (AISC) allowables for SSE plus DBA loading, and 1.6 times the
AISC allowables for the SSE alone. The justifications provided by TVA note

j that these allowables are stated in the NRC Standard Review Plan and have been
! used in the review and approval of reany plants.
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'

the high ductility of the steel usec in nuclear power plant
'

rensidering(steel must reet the American Society of Test Metheds (ASTM)
c

J structures
! Standards for A3., A441, A527. or A572 Steels), the Standard Review Plan ,

i allows up to 1.7 times the AISC allowable stresses under such low probability I

! loadings as the SSE and DBA. During the audit at Sequoyah, the staff verified !

that the actual AISC allowable stresses were reduced if the structural member
'

'

#

; section was not compact and that the 1.6 or 1.7 factor was applied to these
j reduced AISC allowable stresses. Therefore, the criterion of using up to 1.7 ,

i times the working stress allowable for cable tray support calculatient is ;

I acceptable.
'

2.5.1.2 Implementation of Interin Criteria'

,, ;

(1) Cable Tray Supports Attached to Steel containrent Vessel !

l The re-evaluation of supports attached to the steel containment vessel was
| required to resolve Nonconforrance Report (NCR) SQNCER 8414. The NCR

addratssed the fact that the cable tray supports on the steel containment-

i vessel were not designed fer DBA loadings.

A total of 560 cable tray supports are attached to the steel containment |
Vessel. All supports are attached to the outside of the vessel by welding to !

the horizontal or vertical vessel stiffeners. Support members are generally <

b inch by 4-inch or 2-inch by 2-inch tubular steel members. Cable trays are !
'

generally attached to the supports by clip angles that are welded to the i
,

support member and bolted to the cable tray. Most supports tre simple ?-inch i

l by 2-inch cantilever brackets welded to vertical stiffeners. The next largest
j categery of supports are 2-inch by 2-inch cantilever brackets welded to a ,

4-inch by 4-inch member spanning between vertical stiffeners. Most supports !1

| were analyzed by grouping all similar configuration and selecting the ,

worst-case envelope of the supports within each group. The majority of the !
'

supports (551) were enveloped by five typical de:igns. The remaining nine |

unique supports were individually analyzed. A walkdown of the cable tray !
systers was performed to establish actual tray loading. Measurements of the i

cross section of cable trays were taken, and actual tray loadings were |
calculated from the profile measurements. |

i

The GTSTRtJOL computer code was used to analyze the supports. The cable tray !

and its supports were modeled using elastic beam elements. A typical model |
included two supports and one cable tray span. The flexibility of the nodel
support points was modeled using spring constants determiaed by a finite !

element analysis of the containrent vessel and stiffeners. Cable mass and j
tributary nass of the adjacent spans were included as lumpect masse:, Response :

spectrum analysis was used to analyze the SSE and DBA events. The events were !
analyzed separately using 10 percent peak frequency broadened, as required in
the FSAR, and 7 percent damped spectra. Modal response combination was -

performed by the SRSS rethod. The directional response combination for the j
00A event was implemented by absolute summation of the three directional
responses. For the SSE, the directional response combination w3s cerforced by
taking the absolute sum of the highest horizontal response and the vertical ;

response. The DBA response was combined with the SSE response by the SRSS
rethod. Finally, the response resulting frcm dead weight was combined
absolutely with the combined response of the SSE and C,BA. Resulting stresses
were evaluated against the criterion of 1.7 times the AISC allcwables.
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The effects of containment vessel expansion resulting from DBA therral and
pressure loading on the cable tray supports were also evaluated using the
thermal loading capabilities of GTSTRUDL. The containment expansion effects
resulting fre oressure were converted to an equivalent terpcrature gradient
and then added to the actual thermal gradient. The total temperature gradient
effects were ylied to the cable trays supports to detemine their stresses.

The imest reaction load from the cable tray support analysis was applied to
a Dntainment ves111 rodel to detemine stresses in the vessel wall and
stif fenert , Mavimum stresses were evaluated against the applicable ASME Code
allowables.

Supports that failed to meet the interim acceptance criteria were analy:cd
using the actual tray leading detertnined by the field walkdown. If the
criteria were met with the reduced weight, the locd rating of the tray was
reduced and controls were established to prevent additional weight beyond the
reduced capacity.

TVA has completed the calculations for all the supports attached to the
contairu nt. The results indicated a need to modify 3 existing supports and
to add 12 new supports. All modified and new supports were designed to meet
original design criteria requirements. Two of the modifications were required
to prevent overstressing the supports, and one modification was required to
prevent overstressing the containment stiffeners. Twelve edditional supports
were required in areas where span length exceeded the allewables.

The staff and consultants reviewed sample qualification calculations and
perforned a walkdown of the affected supports. The staff audit team also
reviewed selected calculations couring the libA response spectra generation,

vessel (SCV) pressure-induceddisplacements,stiffnessofthesteelcontainmentthemal end
stiffer.ers at support attachrtnt points, and effects of support

Iceds on the SCV wall and stiffeners. Based on the audit results, the staff
concluded that uthods used in re-evaluating the SOY cable tray supports were
adequate and that the interim acceptance criteria were appropriately
implemented to cualify the supports for the plant restart.

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

Pany cable trays located in the annulus between the SCV and the shield wall
are supported from the shield wall. In these cases, the base plate of the
cable tray support is bolted directly to the shiele well using wedge-type
expansion bolts. These supports consist of either cantilevered tube steel
configurations or tube steel members mounted parallel and bolted directly,
with little clearance to the shield wall. Because the total ennulus clearance
is only 5 feet, the raximum span length of the main rerber in the cantilevered
configurations is less than 5 feet. TVA determined that because the surface
mounted tube supports were mounted adjacent to the concrete their response
amplifications to seisnic inputs would be negligible. Therefore, these
surface-mounted supports are qualified for the seismic response of the reactor
shield building at their points of attachment. On the other hand, all
cantilevered supports were qualified either by individual trslysis or by
comparison to cable tray and sup;, orts enveloping cont (gurations fcr which
analyses vere performed.
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Although there are approximately 400 supports attached to the shield wall,
they are segregated into three generic and a number of special support
configurations representing the cantilevered and the surface-nounted 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 lic, and
MK 18b were the hounding cases because each was installed at a high elevation,
carried maximum loads (four trays), and exhibited maximum member spans. The
special configuration supports were each evaluated, because they exhibited
unique configurations. The staff found the TVA selection and categorization
of the supports acceptable.

TVA perfomed a walkdown of all shield wall-mounted supports. in the walkdown
for the generic and special supports, the configurations were confimed; 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
supports, a visual check of all these attributes was made and any deviation
was measured, if appropriate, and recorded. The as-built information obtained
in the walkdown was used in the evaluations. Furthermore, all instances of
tray overfill, base plate bolt hole oversize or attachment eccentricities and
bolt hole shear cone interference were evaluated.

The staff performed a walkdown in the annulus area. Tube attachment eccentri-
cities and ground wire attachments were observed for supports Mk 9b and Mk 15,
respectively, but no real deficiencies were noted. The supports and trays
appeared adequately constructed and firmly anchored.

An auoit of the calculations for the shield wall-mounted supports was conducted.
The calculations were retained in a single file identified by calculation
no. CSG-86-009. In the file were copies of all the analyses performed for
these supports from April 1986 to the present. These d'cluded the latest i

GTSTRUDL and BASEPLT II computer analyses for each generic support and selected |
special supports, the numerical development of bounding load cases, the i

assessment of all anchor bolt shear cone interferences, and the evaluations
perforred to bound the conditions of base plate eccentricity noted in the
walkdowns. In general, the calculations were ccmplete and understandable.
However, in those instances where revisions 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) All Other 'able 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 calculation RIMS B25 860913 825. The selection |

!process started with a review of the drawings that contained support details.
After considering factors including the number of cable trays for each support,
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span length, end 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 1

configurations that represent a group of supports, the following three |
rriteria were used to select the specific worst cases: (1) supports having
the largest span lengths and largest weights, (2) maximum weight with the
length selected for the first mode period at peak response of the spectrum,
and (3) maximum length with weight selected for first mode period at peak
response of the spectrum. The TVA central technical group reviewed these
cases and added five more cases.

The same selection process was appliec to cable tray supports in the other
buildings. Thus, altogether, TVA con; dered 30 original worst-case supports
and 5 additional ones.

The staff finds that TVA has used good engineering judgment in its selection of
the worst cases and finds tne approach used acceptable for restart.

TVA performed walkdowns for each of the worst-case supports to evaluate the
followir.g:

the weight in the trays (profiles were measured for treys that were*

nore than 75 percent full and weights calculated.)

any additional attachment to the support (Sketches were made detailing*

the attachment.)

the cases where the tray support is not mounted concentrically on the*

base plate

whether the support is fire protected

any violation of TVA's Construction Specification G-32 (e.g., close*

spacing of adjacent anchorages resultirg in overlapping of shear
cones or anchor plates placed near an edoe of a concrete member)

any other unusual 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 during 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 a bracket of this support, and seismic-induced
motion could be expected to cause the bracket to impact the conduit.

All accessible supports in the reactor building (inside containment) also were j

inspected. The inspcction verified the TVA walkdown findings, which included
cases of supports not installed concentrically on base plates and cracked con-
crete under base plates. These discrepancies are discussed in Section 2.5.1.0.
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 appropriate brackets
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with the tray masses distributed equally to the adjat. cit supports. 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 st3ff audit and
found acceptable.

TVA's responses to several issues raised during the July 21 through 24, 1986
reeting were evaluated by the staff during the September 29 through
October 3, 1986 audit. These issues and their resolutions are addressed below:

A few locations were identified where the span of the trays was more than
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 perforved 1)ad tests
(TVA calculation RIMS B46 860311 003) to evaluate a cable tray in this
configuration. The tray was found to have a capacity of 140 pounds per
foot, which indicates a safety factor of nore than 3 over the full tray
design loading of 45 pounds per foot. This is acceptable.

Several groups of cables cascade vertically from a conduit or from one*

tray to another in the control building. TVA has perforned tests at Hyle
Laboratory tc demonstrate that the cascading cables can withstand SSE
seismic-induced loading. The tests have been evaluated by an independent
TVA consultant. 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 overstressed. The staff reviewed this report and found it
acceptable.

With resolution of the confirmatory items (Section 2.5.1.6), the staff concludes
that the program conducted by TVA for qualification of these cable tray brackets
and supports was adequate and acceptable for restart. *

2.5.1.3 Anchoring in Concrete

This discussion applies to supports that are anchored in concrete by means of'

base plates, anchor bolts, and embedded plates.

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

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

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

Scre of the conservative assumptions used in TVA's standard design practice
tend to support a view that the actual safety factors against the pull-out of
expansion bolts will, in general, be higher than those calculated. For
example, TVA uses the expansion bolt capacities based on 3000 psi concrete,
whereas the concrete strength data at 90 days indicate that the actual strength
of the concrete could b noch higher than 3000 psi. This could increase the
expansion bolt capacities significantly. Another example of the conservatism
is that in normal installation, TVA procedures require preload of bolts to
twice the design load. 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 requirement is more
strirgent than the accepted industry practice of allowing some slippage. These
conservative design and installation practices form the basis for the staff's
acceptance of the safety factors noted above for restart purposes.

TVA, in its 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 that were less than full were considered to be full with
the exception that some of the supports located on the steel 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 no nodes with natural
frequencies less than 33 cycles per second (cps), a seismic load equivalent to
the tray and support mass times the zero period acceleration (ZPA) was applied
to the support. The second type of analysis performed was static analysis with
a load equal to the tray and support mass multiplied 1.5 times the peak
spectral acceleration. The deviation between the center of cable tray's mass
points and brace connection joints had not been considared by TVA for all
supports at the tine 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 be developed. The staff does not expect that this will lead to
significant changes in response forces; however, this will be treated as a
confirnatory 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. Standard engineering methods are used to
evaluate stresses in rerbers and are considered acceptable by the staff. The
BASEPLATE il computer program is used to evaluate stresses in the base plate
and bolts and bearing stresses in the concrote. BASEPLATE II is a preprocessor
code that generates input data for an ANSYS computer code solution. This also
is acceptable to the staff.
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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
in 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 Confirnatory Items

The staff identified the confirnatory items listed below during the audit of
September 29 through October 3,1986, to be resolved by TVA before restart.

1

(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 01.1-85
Section 10.5.31. The adequacy of these welds is to be investigated
based on data to be obtained in a scheduled TVA test program.

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

(4) An error was found in one of the element components for support MK 11d
in the annulus. The evaluation of this support should be revised.

(5) An interference between a conduit and support MK 31 in the auxiliary
building was observed during the audit. TVA must evaluate the
significance of this condition.

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

(7) The interim acceptance criterie for anchor bolts should be based on
safety factors of 2.5 and 2.8 for the wedge bolts 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.g., for supports not
installed concentrically on base plates).

(9) TVA 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 complete all required cable tray supports modifications, as
determined by the TVA evaluations, against the staff-approved interim
acceptance criteria, before restart.

Fron reviewing the informatic., provided in TVA submittals dated January 14, and
February 4, 1987, staff concludes that TVA has taken proper corrective action
for the above ten confirmatory 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 n an
engineering judgment, this is considered to be acceptable for restart. How-
ever, an audit of the above items, including the cracked concrete, will 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 i

'

acceptance criteria proposed by TVA for Sequoyah restart as mod:fied in
accordance with this report are acceptable,

i

2.5.2 Diesel Generator Building Supports Analysis |

l

2.5.2.1 Sumary of Issue 1

An NRC inspection (see IR 50-327,328/85-29) revealed that cable tray support
systems 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 ccnsider the effects of rigid body motion from the response spectrum
ZPA in the determination of seismic loads for the design analysis, in tnis |
case, the ZPA of the response spectrum is 0.379 for the operating basis
eerthquake (OBE) and is 0.749 for the SSE.

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

TVA mistakenly used the computer-generated dynamic analyses so that much
smaller responses (e.g., accelerations and forces) could be used in the design '

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 response spectra are significantly larger than
values used by TVA for design.
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Use of these larger accelerations in designing the cable tray supports would
have resulted in much larger structural sizes in the support systems.

2.5.2.2 Evaluation

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

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

TVA has issued a design input memorandun for the cable tray support design
criterion SQN-DC-V-1.3.4. The memorandum provides more stringent maaagement
control and technical review of dynamic analysis in the design of cable tray
supports. It requires that the modal superposition dynamic analysis shall be
performed and checked only by certain qualified engineer, as designated by *

TVA's civil project engineer. Further, TVA's Civil Engineering Branch 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 all cable tray support calculations in the diesel generator
building and the additional diesel generator building for a failure to take the
effect of ZPA into account. In those instances where the originally calculated
acceleration was less than the ZPA, the ZPA was applied in the re-analysis.
Resu'Its of the re-analysis indicate that the existing cable tray supports are
still able to serve their intended function during a seismic event. Ther efore ,
on the basis of its inspection and its review of the information presented by
TVA, the staff finds that no structural 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 in the auxil-
iary building were improperly installed in that every hole in the base plates
was drilled per the engineering drawing with a diameter 3/8 inch larger than
specified by TVA procedures.

The staff reviewed cable tray support design drawings for confornance to design
analysis and TVA's connitments. The staff found that the base plates with
oversize holes had been used in the installation. Design Drawing 4SN1369,
Revision 2, specified 1-3/16-inch-diameter holes in the base plates for
3/4-inch-diameter wedge bolts. In accordance with TVA procedure, the correct
hole diameter in a base plato is 1/16 inch larger than the nominal bolt
diameter. In the above case, the correct hole diameter in the base plate
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!

should have been 13/16 inch. The incorrect dimension on the design drawing
resulted from a misinterpretation of the desigi,9r's sketch by the drafter. The
error was not found in the checking and review proces; because the original
design calculations were not comparcd to the final design drawing, nor was the
error identified in the inspection by TVA's ccnstruction QC inspectors.

2.5.3.2 Evaluation

TVA corrected the error by making special washer plates to cover the overshe
holes and provide the bearing surface for the bolts. TVA checked the auxiliary i

building and control building drawings doue by the same 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 all the necessary corrective actions regarding the above
deficiencies. As a result, the modified connections are judged to be able to
serve their intended function as required by the design. On the basis of the :

'above infonnation and its review of Section 111.3 of the SNPP, the staff finds
the issue of oversize holes in the base plate has been acceptabiy resolved. |

2.6 Concrete Quality I

The TVA evaluation of Employee Concern IN-85-995-002, related to the adequacy ,

of the concrete quality at the Watts Bar Nuclear Plant site, prompted the NRC '

staff to request further evaluations of the in-place strength of the concrete
at the Sequoyah site. j

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

|

TVA has completed its evaluation and has documented the final findings in |

Enclosure 1 to its letter of February 6, 1987.

TVA has determined that more than 90 percent of the relevant 90-day strengths
are available and that only 5 percent of the 28-day strengths were deficient. I

Therefore, less than one-half percent of the concrete is unaccounted for by j
this procedure (5 percent deficient results with 10 percent missing data). For

'

the concrete nix with the design strength specified at 90 days, an equivalent
strength was calculated for each time period. The equivalent strength is that
strength level, calculated from the mean strength and standard deviation, which
may be expected to be exceeded by 90 percent of all strength tests. The lowest
equivalent strength so determined was used to analy/e each affected structural
member. All were found satisfactory.

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

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

The staff requested TVA to examine all concrete sampling records for demonstra-
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 staff reviewed this information and found it to be acceptable.

On the basis of its review, the staff concludes that all previous concerns
related to adequacy of the structural criteria for concrete strength and
f requency of sampling and controls and standards for the bedding mortar have
been resolved for restart.

2.7 Miscellaneous Civil Engineering Issues

Based on several significant condition reports (SCRs), TVA has identified a
need to address the seismic qualification of components in meeting code and
regulatory requirements. This effort includes the review of components,
pipirg, pipe supports, cable tray supports, conduit supports and
heating / ventilating duct supports as well as structures. TVA has comitted to
resolve any identified problems by analysis, testing or design changes with the
corrective actions being integrated into the restart schedule. The specific
restart requirements are to be determined by TVA managerent 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
Concerns).

Section 15 of Part III of the SNPP addresses miscellaneous civil engineering
issues related to Sequoyah.

Another effort initiated by TVA in the civil engineering discipline involves
the capability of embedded plates and concrete anchors for cable tray and pipe
supports to meet the TVA comitments made regarding the code allowable
conditions. This area of review also relates to an employee concern in the
construction category (No. 11301). The employee concern report identified an
issue 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 j

meet the requirements of the applicable base plate design criteria. The DBVP
is addressed in Part 2 and h etion 2.2 of this SER. As a result of the DBVP,
the issue has been found by TVA nat to be a restart item. However, as part of4

the calculations review program, TVA has re-evaluated approximately 5600 pipe
support calculations, which considered the effects of base plate flexibility,

i

!
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An additional issce 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
progran was adequate for Unit 2. Howaver, TVA initiated a program to inspect
2500 pipe supports to verify the as-built or as-modified condition with the
documented design for Unit 1. Discrepancies identified are to be evaluated
against the design criteria and repairs or modifications made as necessary to
bring the support into conformance with the as-designed condition. This
effort is being performed under a TVA special maintenance instruction. The
supports in the program that have been identified as being required for
operation on safe shutdown have been inspected as a restart activity as part
of the pipe support enhancement program. This review area is discussed in
Sections 2.3.2 and 2.4.

On tt basis of its review of the TVA plans to execute these special programs,
the NRC staff finds that with proper implementation of the plans the special
issues should be fully resolved.

2.8 Heat Code Traceability

2.8.1 Introductinn

Section 111.15.6 of the Sequoyah Nuclear Performance Plan (SNPP) describes a
TVA comitment to investigate materials control concerns involving FSAR
conunitments, design requirements, and traceability relative to pressure
boundary piping components in the Sequoyah safety-related piping systens. The
niulti-phased investigation is concerned with clearly determining the
comnitments made and compliance to those comitments relative to design,
fabrication, installation and traceability of documentation.

The issue of heat code traceability has also been evaluated through the
employee concern program (element report MC40703). In particular, the key
issue that developed from this review was the use of TVA Class B small bore 4

Ipipe and fittiros in TVA Class A applications. The TVA resolution of this
problem is discussed below.

2.8.2 Evaluation
|

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

The following corrective actions have been implemented to ccrrect the existing
problems identified by the ECTG Report and to precluds their recurrence:

(1) PIRSQNNEB8638 will ensure the clear definition of the applicable
code edition and addenda of ANSI B31.7 used in the fabrication,
erection, installation, and use of Nuclear Class Piping components,
in the upper-tier documents.
(Corrective Action Tracking Docunent (CATD) No. 40703-SQN-01-R2
and CATD No. 40703-SQN-03-R0).
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(2) CAQR SQP870627 will ensure that all Nuclear Class I, II, and 111
(TVA Class A, B, and C/D) pressure-retaining piping ccmponents will
be examined and their suitability for use verified and documented
in accordance with the applicable requirements, or replaced.
(CATO No. 40703-SQN-02-R0, CATD No. 40703-SQN-06-R0 and CATD
No. 40703-SQN-07-R0.)

(3) CAR-86-064 will ensure that site procedures contain the necessary
detailed instruction to provide for the receipt, storage, and
installation of Nuclear Class Piping Components in ccepliance eith
the applicable code requirements.
(CATD No. 40703-SQN-04-R0.)

(4) CAR-84-064 will ensure that inspectors will receive the required
training to ensure that Nuclear Class Piping Component material
identification verification is performed and documented, in
accordance with the applicable code requirements, throughout their
receipt, storage, and installation at SON.
(CATO No. 40703-SQN-05-R0.)

(5) SCRSQHliEB8614 R1 and ECN L6704 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
oiping classification changes, as stated in the FSAR, are effected.
(CATD No. 40703-SQN-08-R0.)

(6) PIRSQNMEB8793 will ensure that either the FSAR or the design drawing
contain a clear definition of the boundary between the primary coolant
loops and their branch lines.
(CATO No. 40703-SQN-09-R0.)

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

The investigations led to the issuance of three Corrective Action Reports
(CARS)--SQ-CAR-86-052, SQ-CAR-86-055, and SQ-CAR-86-064--which document the
proposed applicable corrective at,tions 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 os an
attachment to the elenent report 40703, submitted to the NRC on May 13, 1987.
This report partially stated:

The current, as-analyzed stress values of TVA Class A small bore
piping 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 piping. 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 code
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
conclusion, the engineering evaluations demonstrate that the
installed small bore pipe and fittings comply with ANSI B31.7c
Code requirements when the 40 percent allowable stress reduction
factor is used in lieu of NDE. Thus, plant safety is assured.

This reduction in allowable stress refers to paragraph 1-724 in ANSI
B31.7c-1971 which states in part:

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

1. Non-pressure-retaining material:

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

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

b. The design stress intensity values (S ) of Table A-1
usedinthedesignanalysisaremulti$liedbyafactor
of 0.60.

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

The three previously mentioned Corrective Action Reports (SQ-CAR-86-052,
86-055, and 86-064) docenent the result and corrective actions associated with1

the various discrepancies noted in the three (ECTG, HCTTG, and consultants
Kelly and Landers) reviews performed at Sequoyah.

TVA also performed additional reviews in this area in order to verify the
accuracy of the employee concerns and to assess the possibic effect on the
safety of the Sequoyah plant. These reviews were performed by Bechtel Power
Corporation, Structural Integrity Associates, and Aptech Engineering. 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 program applied both during the
construction phase and the operations phase.

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

With regard to programatic deficiencies, the Bechtel Power Corporation audit
did state:

The findings of this audit do not reveal a deficiency in programatic
controls. However, there were instances of implementation errors
(i.e., incompletely recorded heat numbers, heat numbers recorded on
items or documentation partially illegible, etc.) which can create
traceability questions requiring laborious and costly research and
investigation efforts.

Structural Integrity Associates (SIA) Evaluation |

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

(1) Survey the available documentation and industry personnel involved in the
construction of other light 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 raintenance of traceability during
plant construction.

1(2) Obtain a knowledgeable, independent interpretation of the traceability
requirements of the various construction codes along with an historical
background of traceability and marking requircmants.

(3) By survey of the available data bases, detsmine whethe? any component ;

service failure has ever been attributed to improperly documented material 1
'

or resulting from a traceability flaw.

This report summarized:

...that materials traceability, although not a code requirement,
,

has been important to plant owners. Traceability of materials has !
generally been maintained to a high degree although not 100%. j

Even though a small fraction of material of ouestionable or
incomplete pedigree is known to have been installed and placed in

.

'

service, no failures attributable to such material have been
reported. The rethods 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 questions
raised by the Nuclear Safety Review 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' exaraination versus nuclear
classes. This report concluded:

For absolute and unouesticnable traceability, the procurenent
doct, ment, the heat code number, and the manufacturer must be
known. Also, if any NDE was perfonred by soneone other than the
manufacturer, a separate document was generated showing the NDE
method performed and the identity of the material.

The rejecu'on 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 seamless piping
products 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 not. We believe
that NAVC0 and the material manufacturers procedures and QA
programs met the NAVC0 requirements of both ANSI B31.7 and ASME
111.

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 infonration contained in the element report and
to detemine 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
information contained in the elenent report was found to accurately scope and
review the identified issues. However, several inadequacies were identified
during the NRC staff's review of supporting engineering calculations for small ,

bore piping; these are listed below:

(1) TVA has not perforced mininum wall calculations for pipe schedules other |
than schedule 160. TVA needs to perfonn those calculatiens 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 thicknestes, is not
acceptable. TVA needs to review those nadal points again and upgrade
them, either by performing the additional nondestructible examination, or
by adding nore supports to reduce the loads, or Lj replacing the piping.
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(3) TVA Design Criteria for Detailed Analysis of Category I Piping Systems,
SQN-DC-V-13.3, Rev. 3 prov'deo the loading conditions and stress limits
for Category I piping systems in Table 3.1-1. Footnote 3 of this table
states that the allowable stress levels are given in ANSI B31.1-1967.
TVA's calculations of the allowable stresses for small-bore piping used
ASME Section III, Appendix I allowables which do not meet the criteria in
SQN-DC-V-13.3.

TVA responded to these items in letters dated December 4,1987 and
March 2,1988; these responses have been found acceptable by the staff.

2.8.3 Conclusions

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

employee concerns identified in TVA Employee Concern element report FC-40703,
"Heat Code on Related to Material Control." ,

!

;

i
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3 SPECIAL PROGRAMS

The Sequoyah Restart Task Force identified a number of technical issues of
particular interest that are to be addressed before restart. These include
major regulatory programs, such as environmental qualification of equipment and
fire 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 4

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 i

TVA on August 10, 1984. This letter identified the actions to be taken by TVA :

to implement a complete review of the Appendix R progran at Sequoyah. On
December 18 and 21, 1984, TVA submitted the results of the Sequoyah Appendix R I

re-evaluation, which were needed to complete the actions required by the letter i

of August 10, 1984. !

Based on TVA's submittal of December 21, 1984, Sequoyah Units 1 and 2 were not
in ccmpliance with 10 CFR 50, Appendix R Sections III.G, III.J, III.0, and
III.L. TVA f ailed to meet Section 2.C.(13).a of the Sequoyah Unit 2 operating
license, which requires TVA to maintain in effect and fully implement the fire

Iprotection requirementt of 10 CFR 50, Apnendix R Sections II.G, III.J, III.L.

and 111.0. I

The staff conducted a special Appendix R inspection January !4-18,1985, to
verify that TVA had completed the items required by the letter of August 10,

,

1984 This inspection evaluated structures, systems, and componerts important
to safe shutdown to determine if the existing and/or proposed plant fire
protection feattures would provide a level of protection eq < valent to the
requirements of 10 CFR 50 Appendix R, Sections III.G and III.L. In addition,
after the staff received TVA's submittal of December 21, 1984, the scope of
this inspection included tha NRC staff's determination as to whether the
proposed fire protectien features were capable of limiting potential fire damage
so that one train of systems essential to achieving and maintaining hot standby
frcm either the control room or emergency control stations would be free of l

'fire damage.

As a part of its re-evaluation effort, TVA developed operating procedures that i

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 various cold shutdown valves.

In addition, to demonstrate that one train of systems necessary(SDL) thatfor hot standbyis free fron fire damage, TVA developed a fire shutdown logic
defined the safety functions and sets of equipment required to achieve safe
shutdown conditions under postulated fire conditions. The SDL is supplemented
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by key diagrams that identity the redundant oaths / equipment required to achieve
hot standby and subsequent cold shutdown. ;

1

Fron the SDL and the associated key,, 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 i

performed a field verification of actual equipment locations, where nocessary,
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 III.G.2.

In addition to evaluating TVA's Appendix R separation analysis dur|ng its
inspection of January 14-18, 1985, the staff evaluated TVA's associated circuit
analysis. TVA's Type II (spurious operation) associated circuit analysis was
performed by detennining the components that must be prevented from spuriously
operating. These components also are listed in the fire SDL diagram and !

associated keys. TVA then evaluated cable separation for these components in
the same way it evaluated those cables that must remain operable for safe
shutdown.

The analysis also identified several circuits, not required by Appendix R, that
did not have proper fuse / breaker coordination. These circuits were identified ,

as Type I (comon power supply) and Type III (comon enclosure) associated
circuits, and corrective actions were necessary to comply with Sectior. III.G.2
requirements and ensure that adequate electrical protection was provided.

|

TVA's Appendix R re-evaluation identified l'.1 plant areas where redundant
cabling / equipment associated with those systems necessary to bring the plaat to ;

hot and cold shutdown interacted. I

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

January 11, March 4, and August 5, 1985, TVA requested 22 edditional deviations )
frcn the requirements of 10 CFR 50, Appendix R. By letter dated March 19, 1

1986, TVA withdrew the request for a deviation assoc.iated with separation of i

safe shutdown circuits and components inside the containment. By letters dated
May 29 and October 6,1986, the staff approved the 2 outstanding deviation
requests associated with Section III.0, reactor coolant oump oil collection
system; the 17 outstanding deviation requests associated with Section III.G.,
fire protection of safe shutdown capability; and the 2 outstandino deviation
requests associated with Section III.L. alternative or dedicated shutdown
capabilities, including the deviation request regarding T-cold instrur.entation
in the auxiliary control room.

In its submittal of December 21, 1984, TVA comitted to complete the fire
protection modification not associated with the pending deviation requests by
June 30, 1986. On July 7-11, 1986, the staff conducted a site assessment to
verify that TVA had implemented the required fire protection trodifications.
Five items that were to be inspected were not yet completed. For those five
items, TVA comitted to having them completed by June 30, 1987. On June 22-26,
1987, the staff conducted another site visit to inspect these items. As a
result of this inspection visit only two items rer.iained open. These open items
were the completion of spray systems in the two 480-volt shutdown boardroons in |

4
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the auxiliary building and source range nuclear instrumentation (part of
Regulatory Guide 1.97 work to be completed after restart). j

3.1.2 Evaluation

3.1.2.1 Compliance with 10 CFR 50, Appendix R, Section Ill.G (SNPP Part 7.2.1)
i

Section III.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 damage shall be provided:

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

(2) separation by a horizontal distance of more than 20 feet with no
intervening combustibles (In addition, fire detectors and an automatic j

suppression systera shall be installed.) ;

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

installed.)

Of the 121 plant-specific interactions identified, TVA's re-evaluation identi-
fied 39 signifir, ant cable interactions where a fire could jeopardite 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 III.G. The staff evaluation of the significant cable inter-
actions, with regard to maintaining one train of redundant safe shu Mown
systems free from fire damage and therefore satisfying the requirements of the
rule, is given below.

Auxiliary Buildino, Elevation 669'-O'

In corridor 669.0-A1, cables 2PL3011B, 2PL30138, and 2PL3014B for the Unit 2
,

centrifugal charging pump (CCP) C-B room cooler and cables 2PP562B and 2PP5646B '

for Unit 2 CCP B interact with cables 2PL3001A, 2PL3003A, and 2PL3004A for the
Unit 2 CCP A-A room cooler and cables 2PP550A and 2PP552A 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 postulated fire in this area could cause
a loss of both redundant trains of the Unit 2 charging pumps. On this basis,
reactor coolant system (RCS) makeup capabilities and reactor coolant pump (RCP)
seal injection would be jeopardized.

TVA bas rerouted the Unit 2 CCP A-A room cooler cables (2PL3001A and 2PL3003A)
and Unit 2 CCP A cables (2PP550A 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 2PL3014B have been
disconnected.

- In addition, in corridor 669.0-Al cables 1PP562B and IPP564B for the Unit 1
CCP-B and cables IPL3011B and 1PL30133 for the Unit 1 CCP B-B room cooler
interact with cables IPP550A and 1PP552A for the Unit 1 CCP A and cables
1PL3001A and IPL3003A for the Unit 1 CCP A-A room cooler. This cable
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interaction occurs within the corridor from columns A-3 to A-6 and between
eclumn lines S and T. Therefore, a postulated fire !n this area could cause a
loss of both redundant trains of Unit 1 charging pumps. On this basis, RCS
makeup capabilities and RCP seal injection would be jeopardized.

TVA has rerouted to shorten the cable run and enclosed the Unit 1 CCP B-B rocm
cooler cables IPL30118 and 1PL3013B and Unit 1 CCP B cables IPP5628 ano IPP564B
in a 1-hour fire barrier in the interaction area to ensure adequate separation.

'

A fire in corridor 669.0-Al also could cause both redundant auxiliary lube oil
permos for the Units 1 and 2 CCPs to fail. Therefore, to ensure that the CCPs
will start, TVA has installed auxiliary lube oil pump bypass start capabilities
for the CCPs. This condition was identified by TVA's re-evaluation cable
interaction study no. 93 and 68.

On the basis of the above modifications and the sprinkler protection in 3

corridor C69.01-A1, the staff finds there is reasonable assurance that, if a
fire occurred in this area, one train of the CCP system would be maintained
free from fire damage.

Auxiliary Building, Elevation 690'-0"

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

Unit 1 CCW Pump A Conduits , Unit 2 CCW Pump A Conduits

1PL4725A 2PL4725A
1PL4726A 2PL472EA '

IPL4731A 2PL4731As

2PL4721A

A postulated exposure fire associated with the train B CCW pump for either
Unit 1 or 2 could cause fire damage to the cabling for the train A CCW pumps of
either unit. In addition, the postulated fire condition could damage cables
IPL47355 and 1PL47365 associated with the CCW pump C-S. Thus, if an exposure-
type fire were to occur cn the B train side of the fire barrier separating the
redundant pumps, both redundant trains of CCW pumps could be rendered

,

inoperable. -

TVA has enclosed the Unit 1 train A CCW pump conduits (1PL4725A, 1PL4726A, and
IPL4731A) in a fire barrier having a 1-hour rating. TVA has also indicated
that they have rerouted Unit 2 CCW puap A conduits 2PL4725A, 2PL4726A, 2PL4731A
and 2PL4721A. The fire barrier will Extend protection to the subject conduits
until there is 20 feet of horizontal ssparation from the Units 1 and 2 train B
CCW pumps. This condition was identified by TVA's re-evaluation cable
interaction study no. 4.

On the basis of its approval on May 29, 1986, of TVA's outstanding deviation
requests, the tredifications proposed above, and the sprinkler protection in
conrnon area 690.0-A1, the staf f finds there is reasonable assurance that, if a
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fire occurred in this area near column lines A-2 and T, one train of the CCW
system would be maintained free from fire damage.

From columns A-11 to A-13 and between column lines Q and R, Channel I RCS
temperature loop cables 2PM5911, 2PM7781, 2PM6861, and 2PM3711 interact with
Channel II RCS temperature loop cables 2PH595I1, 2P3784II, 2PM691II, 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 2PM591I, 2PM7781, 2PM6861, 2PM8711, 2PM595II, 2PM78411,
2PM69111, and 2PM876II on auxiliary building elevation 690'-0' in a 1-hour- ,

fire-rated fire barrier. This condition was identified by TVA's re-evaluatica
cable interaction study no. 49.

A postulated fire condition in this plant area will also csuse a loss of
cabling associated with all three channels of pressuna indication for all four
Unit 2 steam generators. Therefore, TVA has enclosed conduit 2PN2084I
containing cables 2PH13351, 2PM1474I. 2PM1596I, and 2PM1715I on auxiliary
building elevation 690'-0" in a 1-hour fire barrier. This condition was
identified by TVA's re-evaluation cable interaction study ro. 51.

~ As a result of the above modifications and the sprinkler protection in common
area 690.0-A1, the staff finds there is reasonable assurance that, if a fire
occurred in this area from columns A-11 to A-13 and between column lines Q and
R, the temperature indication for all four Unit 2 RC5 loops and the pressure
indication for all four Unit 2 steam generators would be maintained free from
fire damage.

From columns A-5 to A-13 and between column lines k and T, the following cables ;

associated with A and P. train CCP room coolers, CCW pumps, CCP, and essential i

raw service water (ERCW) pumps interact:

Cable Identifier Safe Shutdown Component"

,

2PL3001A Unit 2 CCP A-A room cooler
2PL3003A
2PL3011B Unit 2 CCP B-B room cooler
2PL3013B
2PP550A Unit 2 CCP A-A
2PP552A
2PP562B Unit 2 CCP B-B
2PP564B
2PL4725A Unit 2 CCW pump A-A I

2PL4726A |

2PL4731A
2PL4739A Comnon CCW pump C-S
2PL4739B
2PL47428 Unit 2 CCW pump B-B
2PL4743B
2PL4748B
1PP7008 ERCW pump L-B
1PP712B ERCW pump N-B
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2PP7008 ERCW pump M-B
2PP7128 ERCW pump P-B

A postulated exposure fire in this plant area could jeopardize both redundant 1

trains of Unit 2 charging pump room coolers, preclude all RCS makeup and RCP
seal injection capabilities, and cause a loss of component cooling water to 4

safe shutdown systems.

TVA has rerouted cables 2PP550A and 2PP552A for the Unit 2 train A CCP out of
the interaction area (and wrapped within the interaction area) to ensure
adequate separation. TVA also has installed auxiliary lube oil pump bypass
start capabilities for CCPs (auxiliary lube oil panp chles not tabulated).
This bypass switch allows the CCPs to be sterted without the auxiliary lube oil
pumps running.

Cables 2PL47398 and 2PL4731A are necessary for local control of tP CCW. TVA

has rerouted these cables and enclosed them in a 1-hour fire barri.r where
necessary to ensure adequate 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 this area. The
remaining listed cables are contained in two raceways that are separated (or
wrapped) as part of an Appendix R deviation request commitment. In tnis cable
interaction area, TVA also has enclosed pressurizer pressure instrument cable
2PMIC86III in a 1-hour fire barrier along its entire route through auxiliary
building common area on elevation 690'-0". These interaction conditions and
corrective actions were identified by TVA's interaction study no. 92.

On the basis 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-A1, the staff finds there is ,

reasonable assurance that, if a fire occurred in this area between columns A-5
to A-13 and between column lines R and T, one train of CCP room coolers, 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 IPP785B and 2PP785B
associated with Units 1 and 2 train B ERCW MCCs interact with CCW pumps 1A-A,
C-S, 18-8, 2B-8, and 2A-A. Thus, a postulated fire in this plant area could 3

preclude train B ERCW water supply to CCW heat exchangers. '

TVA has enclosed cables IPP785B and 2PP785B in a 1-hour fire barrier where
there is not 20 feet of separation between trains. This interac. tion 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 modificaticn, and the sprinkler |
protection in common area 690.0-A1, the staff finds there is a reasonable I

assurance that, if a fire occurred between columns A-4 and A-3 near column
line T, the train B ERCW 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 ERCW cables interact with train A CCP cables:
|
,

TVA SER Vol. 2 Part 1 3-6 Revised Preliminary Report

~ _ _ _ _ _ _ . _



- -. . ..

Cable Identifie_r Safe Shutdown Component
.

IPP7008 ERWC pump L'8
1PP712B ERWC pump N-B

i
2PP700B ERWC pump M-B
2PP712B ERWC pump P-8
IPP550A Unit 1 CCP A-A
1PP552A
1PL6145A Unit 1 CCP A-A auxiliary lube oil pump
1PL6149A
1PL3001A Unit 1 CCP A-A cooler fan and valve FCV-67-168
1PL3003A
1PL4725A Unit 1 CCW punp A-A
1PL4726A .

IPL4731A

Cable Identifier Safe Shutdown Component

2PP7008 ERCW pump M B
2PP704B
2PP706B
IPP679A
1PP7128 ERCW pump P-B
2PP716B
2PP718B
PP328A ERCW to diesel generator
PP330A Unit I heat exchanger A-A valve 1-FCV-67-660 ,

PP448A ERCW to diesel generator
PP450A Unit 2 heat exchanger A-A valve 2-FCV-67-66
1PP693A ERCW pump Q-A
IPP691A,

1PP681A ERCW pump J-A
"

2PP679A ERCW pump K-A
2PP681A
2PP691A ERCW pump R-A |

2PP693A |

IPP475A Diesel generator breaker 1912 1

|2PP454A Diesel generator breaker 1922
2PP475A Unit 2 diesel generator train A breaker control |
PP302A Unit I diesel generator train A start /stop function i

PP304A ,

PP306A i

PP310A )
PP312A
1PP460B Diesel generator breaker 1914
1PP4800 i

| 2PP480B Diesel generator breaker 1924
PP6628 Unit 2 Diesel generator train B start /stop function'

PP666P
. PP670B
I PP672B
! A postulated fire in this plant area could cause a loss of ERCW water supply to
j both redundant trains of the Units 1 and 2 diesel generator heat exchangers and

I !

i
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preclude the ERCW water supply to both redundant trains of component cooling
system heat exchangers.

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

TVA has installed a 1-hour fire-rated wall to separate A and B ERCW cables and
breakers 1914 and 1912 ccbles associated with onsite power capabilities from
Units 1 train B diesel cenerator to Unit 1 train 8 6.9-kV shutdown board and
Unit 1 train A diesel generator to Unit 1 train A shutdown board, respectively.
The 1-hour fire barrier wall was installed dcwn the A-8 column line on
auxiliary building elevation 714'0" from Q line to a point 20 feet east of Q
line. This barrier also will separate breakers 1922 and 1924 cables as well as
the diesel generators IA and 28 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-67-06,1-FCV-67-67,
2-FCV-67-66, and 2-FCV-67-67 in a 1-hour fire barrier until there is 20 feet of
separation from the redundant train. These interaction conditions and their
corrective actions were identified by TVA's interaction studies nos.16, 34,
and 82.

Based on the staff's evaluation and approval (May 29,1986) of TVA's out-
standing Appendix R deviation requests, the above fire protection modifica-
tions, and the sprinkler protection in common area 714.0-A1, the staff finds
there is reasonable assurance that, if a fire occurred in this area from
columns A-6 to A-10 and between column lines Q and 5, one train of ERCW and
onsite power distribution capabilities would be maintained free from fire
damage.

i

From columns A-6 to A-14 and between column lines Q to V, a postulated fire
could involve cables for both Units 1 and 2 motor-driven and turbine-driven
auxiliary feedwater pumps, their associated automatic level control valves, and
wide and narrow range level indications. This could cause a lost of both i
redundant trains of auxiliary feedwater to the steam generators. |

TVA has indicated that they have rerouted and enclosed in a 1-hour fire barrier
the conduits which contain a narrow range level transmitter power cable
2PV255111, and conduit which contain power cable 1PV2551II to ail four steam
generator narrow range level transmitters. In addition, TVA has developed a
procedure with regard to regaining manual control of the auxiliary feedwater
system with a fire in this plant area. These interactions conditions and their
corrective actions were identified by TVA's interaction studies nos. 21 and 41.

As a result of the above fire protection modifications and procedural
corrective actions and the sprinkler protection in common area 714.0-A1, the
staff finds there is a reasonable assurance that, if a fire cccurred in this
area frcm columns A-6 to A-14 and between column lines Q to V, one train of the
AFW system and its associated instrumentation would be maintained free from
fire damage.

From columns A-4 to A-8 and between column lines Q to R, comen power cable
(2PV320J) for Charrel I RCS temperature loops interacts with the Channel II ,

power cable (2PV330K). Therefore, a postulated fire in this area could cause
'

i
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|

Unit 2 RCS temperature indication for all four RCS loops to be rendered
iinoperable,

TVA has indicated that they have rerouted and enclosed cables 2PV320J and
2PV330K in a 1-hour fire barrier. This modification will ensure that power for
Channels I and II RCS temperature instrumentation is not affected by a fire in
this plant area. This condition and TVA's co:'rective 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-A1, the staff finds there is a reasonable assurance that,
if a fire occurred in this area from columns A-4 to 4-8 and between column
lines Q to R, the power cables for the Unit 2 RCS temperature instrumentation
loops would be maintained free from fire damage.

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

l indication inoperable.

TVA nas rerouted Channel I common power cable 2PV320J to shorten its route
through this plant area. In addition, this cable is enclosed in a 1-hour fire
barrier in the area where it interacts with cables associated with RCS pressure h

instrumentations P-68-66 and P-68-342C. These interaction conditions and !

proposed modifications were identified by TVA's interaction study no. 43.

Thus, as a result of the bove fire protection modification and the sprinkler
| protecticn in column arec 714.0-A1, the staff finds there is reasonable
! assurance that, if a fire occurred in this area near column A-12 between column

lines Q and R RCS pressure indication would be maintained free from fire
damage.

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

;

Cabie Identifier Safe Shutdown Cocponent |

'

2PL3001A Unit 2 CCP A-A room cooler,

2PL3003A i

2PL30118 Unit 2 CCP B-B room cooler |
2PL3013B i>

2PP550A Unit 2 CCP A-A i

2PP552A
'

2PP554A
2PP556A
2PP562B Unit 2 CCP B-B
2PP564B
2PP566B
2PP568B j
2PL4725A Unit 2 CCW pump A-A i

2PL4726A |
2PL4727A

1

!

l
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2PL4731A ,

2PL4732A
2PL4738B Ccmmon CCW pump C-S
2PL4638B
2PL4742B Unit 2 CCW pump B-B
2PL4743B

>

2PL4744B
2PL4748B
2PL4749B

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

To provide adequate separation between redundant centrifugal charging 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 cooler

Iand one train of pressurizer level instrumentation were rerouted and have been-

enclosed in a 1-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 staff's evaluation
and approval (May 29,1986), of outstanding Appendix R deviation requests, and
the sprinkler protection in coninon area 714.0-A1, the staff finds there is
reasonable assurance that, if a fire occurred in this area from columns A-11 to
A-13 and between Q and U, one train of the CCW and CCP systems would be

'

maintained free from fire damage.

Auxiliary Buildino, Elevation 734'-0"
,

i In the Unit 1 480-volt shutdown board room IB2-B, train A cable trays trans-
verse the southwest corner of the room. The following cables are associated
with these train A cable trays:

Cable Identifier Safe Shutdown Component

IPP679A ERCW pump J-A
PP681A
PP691A ERCW pump Q-A
PP693A
PP679A ERCW pump K-A
PP681A
PP691A
RCW pump R-A
PP693A .>

P373A Diesel generator breaker 1912 |

P374A ,

!
P4SBA
P378A
PP475A
PP478A

r
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PP4545A
PP475A Unit 2 diesel generator train A breaker control
P469A Diesel generator breaker 1922
PP478A Diesel generator breaker 1922
PP498A
PP454A
Bill, 1816I Normal power feed to 480-volt shutdown board 1Al-A and

1A2-A
B12111, 1B17I11 Alternate power feed to 480-volt shutdown board 1Al-A

and 1A2-A
75 Unit I diesel generator train A emergency stop
PL4900A Power feed to vital battery enarger I

A postulated fire in this plant area could jeopardize the Unit 1 ERCW supply to
the emergency diesel generators and CCW heat exchangers. In addition, a postu-
lated fire in this area could render both redundant trains of Unit 1 480-volt
power distribution to safe shutdown systems inoperable.

TVA has indicated that cables associated with ERCW pumps J-A, Q-A, X-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 is available to vital battery charger I. In addition, TVA has protected
the train A cable trays transversing the southwest corner of the Unit 1
480-volt shutdown board room 182-B with an independent thermal-actuated
open-head water spray system from the wall penetration to the floor
penetration. These cable interaction conditions were identified by TVA's
interaction studies nos. 22 and 81.

As a result of the staff's evaluation and approval (May 29,1986) of TVA's
outstanding Appendix R deviation request, the 1-hour barrier installation, and
the water spray system installation, the staff finds there is reasonable assur- L

ance thct, if a fire occurred in the Unit 1 480-volt shutdown board room 182-B,
one train of the ERCW and the 480-volt power distribution system would be
maintained free f rom fire damage. ;

In the Unit 2 480-volt shutdown board roem 2A2-A, from columns A12 to A13
between column lines Q and R. B train cable trays transverse this area. The
following cables are associated with these train B cable trays: i

Cable Identifier Safe Shutdown Component

2PP7048 ERCW pump M-B |
2PP7068 ,

2PP716B ERCW pump P-B ;

2PP718B
1PP704B ERCW pump L-B
1PP706B
1PP716B ERCW pump N-B
1PP718B
2PP562B Unit 2 CCP B-B
2PP564B
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2PP566B
2PP568B
2PL3013B Unit 2 CCP B-B pump room cooler
2PP4838 Diesel generator breaker 1924

t

2PP4808
PP377B
PP4778
2PP460B Breaker 1924
2PP3778
28251V Normal and alternate control power feed to Unit 2

train B
2830!V 480-volt shutdown boards
2B26II
2B3111
B78B Unit 2 diesel generator B-B remote control

A postulated fire in this plant area could jeopardize Unit 2 ERCW supply to the
emergency diesel 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.

TVA has protected the cables associated with ERCW pumps M-B, P-B, L-B, N-B,
i Unit 2 train B CCP and room cooler cables. Cables associated with control i

power for the train B 480-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-actuated open-head
water spray system from the wall penetration to the floor penetration. These
cable interactions we-e 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 instal-
lation in the Unit 2 480-volt shutdown board 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 4E0-volt shutdown board room 2Al-A, cables 2B251V, 2B30lV,
2B26II, and 283111, associated with the 125-volt de control power normal and

. alternate supply to the Unit 2 480-volt shutdown board 281-B, interact with the
Unit 2 480-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 all control power to safe shutdown systems.

TVA has indicated that conduit 2B291V containing cables 28251V and 2830!V
,

(normal control power) has been rerouted out of the interaction area of the
Unit 2 480-volt shutdown board room 2Al-A. This modification was identified byi

TVA's interaction study no. 83.

<

f
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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 finos there is reasonable
assurance that if a fire occurred in this area one train of the 480-volt
control power distribution capabilities would be maintained free from fire
damage.

The Unit 2 train A 6.9-kilovolt shutdown board room contain cables IPP7658,
1PP753B, and IPP762B, which are the 6.9-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-vcit shutdown boards 181-B and
182-B and interact with Units 1 and 2 train A 6.9-kilovolt shutdown boards.
Thus, a postulated fire condition in this rcom could render all Unit 1 power
distribution capabilities inoperable.

.

TVA has enclosed cables IPP7658, IPP7538, and 1PP7628 in a 1-hour fire barrier
as they pass through Unit 2 train A 6.9-kilovolt shutdown board room 2Al-A.
This modification was identified by TVA's interaction study no. 3.

Based on the above fire protection modification and the sprinkler protection in
the Unit 2 train A 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 capabilities would be maintained free trem fire
camage.

In auxiliary control room 734.0-A1, cables contained in cable trays P0-A, PN-A, ;

and PM-A interact with cables in tray PA-B. These cables are for both redun-
dant divisions of safe shutdown equipment having normal to auxiliary transfer
switches in the auxiliary instrument rooms. In addition, cable B77A associated t

with 2-FCV-67-66 interacts with cable B76B associated with 1-FCV-67-67 in the
same plant location. A postulated fire in this area could cause a loss of all
normal to auxiliary control 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 trays PO-A, PN-A, and PM-A and cabling associated with
2-FCV-67-66 in a 1-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 a result of the above fire protection modification and the sprinkler protec-
tion in auxiliary control room 734.0-A1, there is reasonable assurance that, if.

a fire occurred in this area, one train of the normal to auxiliary control room
safe shutdown transfer function and the ERCW supply to the emergency diesel
generators would be maintained free from fire damage.

; In 125-volt vital battery board room I 734.0-A4, cables 18261V, IB311V, 162511,
and 183011 (which provide normal and alternative power feed to Unit 1480-volt'

shutdown boards IB1-B and 182-B) transverse this room along the east wall. A I

postulated fire in this area could render safe shutdown equipment and the |
125-volt de control power to train A safe shutdown systems inoperative, j

In addition, routed along the east wall of 125-volt vital battery board room IV
734.0-A22 are cables 2011111, 2B16III, 23121, and 2B171 (which provide nortnal
and alternative power feed tc the Unit 2 400-volt shutdown boards 2Al-A and

i2A2-A). Thus, a postulated fire in this area could render Unit 2 train A tafe |
|
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shutdown equipment and the 125-volt de control power to Unit 2 train B safe
shutdown sytems inoperative. This condition was identified by TVA's Appendix R
re-evaluation study no. 107.

TVA enclosed conduit 1829II containing cables 182511 and IB30l! and conduit
2B201I containing cables 2B11111 snd 2B16Ill in a 1-hour fire barrier as they
pass through vital battery board rooms I and IV, respectively.

Thus, based on the above fire protection modifications and the sprinkler
protection in the 125-volt vital battery board room I 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 train 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-A24, cables 2PP759A,
2PP750A, and 2PP756A (which are the 6.9-kilowatt power feeds from the Unit 2
train A 6.9-kilovolt shutdown board to the 480-volt shutdown transforsers
associated with Unit 2 480-volt shutdown boards 2Al-A and 2A2-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 capabilitics to safe shutdown systems.

TVA has enclosed cables 2PP759A, 2PP750A, and 2PP756A in a 1-hour fire barrier
as it passes through the Unit 2 train B 6.9-kilovolt shutdown board room. This
ccndition was identified by TVA's Appendix R re-evaluation interaction study
no. 2. ,

As a result of the above fire protection modification and the sprinkler protec- ;

tion in the Unit 2 train B 6.9-kilovolt shutdown board room 734.0-A24, the '

staff finds there is reasonable assurance that, if a fire occurred in this .

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

1

In the Unit 2 train A 6.9-kilovolt shutdown board 734.0-A2 f rom columns A3 and :
A4 and between column lines R and U, the following safe shutdown cables ;

interact: [

Cable Identifier Safe Shutdown Component |
|
,

IPP550A Unit 1 CCP A-A !

1PP552A
1PP553A
1PP554A

'

1PP556A
lIPP557A
!IPP555A

1PL6145A Unit 1 CCP A-A auxiliary lube oil punp 1
'

1PL6146A
IPL6147A |

1PL6148A l

1PL3002A Unit 1 CCP A-A room cooler and FCV-67-168 i

I

!
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IPL3003A
1PL4729A Unit 1 CCP pump A-A
1PP5648 Unit 1 CCP B-B

,

IPL61528 Unit 1 CCP B-B auxiliary lube oil pump
1PL6155B
1PL6156B
1PL30138 Unit 1 CCP B-B room cooler and FVC-67-170
2PL4733B CCW pump C-S
2PL4734B
2PL4737B
IPL4735S
1PL4736S

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

TVA has enclosed cables 2PL47338 and 2PL4734B in a 1-hour fire barrier where
there is not 20 feet of separation from the train A functions associated with,

the Unit 2 train A 6.9-kilovolt shutdown board room. TVA also has disconnected
cable 2PL47378 at the shutdown brea b r. 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 rerouted the Unit 1 CCP-B cables out of the Unit 2 train A
6.9-kilovolt 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
associated with the Unit 1 CCP cooler fan A-A to gain 20 feet of separation
from CCW pump C-S. These conditions were identified by TVA's re-evaluation
interaction study no. 66. i

Thus, based on the staff's evaluation and approval (May 29,1986) of TVA's |'

outstanding Appendix R deviation requests, the above fire protection modifica-
tions, and the sprinkler protection in Unit 2 train A 6.9-kilovolt shutdown -

i board recm 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. i

,

In the Unit 1 480-volt shutdown board IB1-B room 734.0-A6, cables 18111 and,

; 18161 (which are the 125-volt normal control power feeds to Unit 1 480-volt
shutdown boards 1Al-A and 1A2-A) interact with 480-volt shutdown board IB1-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 18201 and junction box 1622 (which contains cables
18191, 18111, and 1B151) as they pass through the Unit 1 480-volt shutdown4

board rocn 181-B. This condition was identified by TVA's Appendix R
re-evaluation interaction study no. 80. |

As a result of the above fire protection modification and the sprinkler protec- |
'

tion in the 6.9 J shutdown board room 734.0-A2, the staff finds there is i
4

reasonable assurance that, if a fire occurred in this area, one train of the
; 480-volt power distribution capabilities would be maintained free from fire
j damage. |
! !

TVA SER Vol. 2, Part 1 3-15 Revised Preliminary Report i

- __ - . -

_ __ . _ _ _ _



Auxiliary Buildino, Elevation 749'-0"

In the Unit 2 train B 480-volt transformer room 749.0-A10, cables 2PL4975A and
2PL4978A from 480-volt shutdown boards 2Al-A and 2A2-A to diesel generator
auxiliary boards 2Al-A and 2A2-A interact with the 480-volt shutdown and
energency transformers 181-B, 182-B, and 18-B and associated cables to diesel
generator auxiliary boards 2B1-B and 2B2-B. Therefore, a postulated fire in
this area could cause a loss of all Unit 2 onsite power capebilities to safe
shutdown systems.

TVA enclosed cables 2PL4975A and 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. 11.

Based on the above fire protection modification and the sprinkler protection in
the 480-volt transfomer room 749.0-A10, the staff finds there is reasonable
assurance that, if a fire occurred in this area, one train of the Unit 2 onsite
power distribution capabilities will be maintained free from fire damage.

Power cables PP7108, PP711B, PP5908, and PP5918 to the Units 1 and 2 train B
6.9-kilovolt shutdown boards interact with the Unit 2 train A 480-volt reactor
motor-operatedvalve(M0V)boardsandassociatedcablesattheconduitbank
near column A-11 and column line I in the Unit 2 train A 480-volt reactor MOV
board room 749.0-A16. 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 D safe shutdown equipment.

TVA has enclosed 6.9-kilovolt shutdown boards 18-B and 28-B power supply cables
PP7108, PP7118, PP5908, and PP591B in a 1-hour fire barrier as they pass
through the 480-volt reactor MOV board room 2A. This modification was identi-
fied by TVA's interaction study no. la.

Thus, as a result of the above fire protection modification and the sprinkler
protection in the Unit 2 train A 480-volt reactor POV board room 740.0-A16, the
staff finds there is reasonable assurance that, if a fire occurred in this
area Unit 2 train B 6.9-kilovolt power distribution capabilities will be main-
tained free from fire damage.

Cables IPL49828 and 1PL49858 from the Unit 1 480-solt shutdown boards 181-B and
182-B to the diesel generator auxiliary boards 181-8 and 1B2-B interact with
the 480-volt shutdown and emergency transformers 1Al-A, 1A2-A, and 1A-A in the
Unit 1 train A 480-volt shutdown transfomer room 749.0-A7. Postulating a fire
in this plant area could cause a loss of all Unit 1 onsite power capabilities
to safe shutdown systcts.

TVA has enclosed cables 1PL4982B and IPL49858 in a 1-hour fire barrier as they
pass through the Unit I train A 480-volt shutdown transformer room. This
condition was identified by TVA's interaction study r.o.10.

Based on the sprinkler protection in the Unit I train A 480-volt shutdown !
transformer room and the above modification, the staff firds there is reason- |
sble assurance that, if a fire occurred in this area, one train of the onsite
power capabilities for Unit I would be maintained free from fire damage.

|

|
1
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Auxiliary Buildino, Elevation 759'-0"

In Unit 2 control rod-driven equipment room 759.0-A3, cables 2PL4975A and
2PL4978A from Unit 2 480-volt shutdown boards 2Al-A and 2A2-A to the diesel ;

generator auxiliary board interact with cables 2PL4982b and 2PL4985B frcm the
Unit 2 480-volt shutdown boards 281-B and 2B2-B to the diesel generator boards.
In addition, c:.bles PP5908 PP5918 PP710B, 1PP8208, and 2PP820B to diesel
generators IB and 28 are located in this area. Thus, a postulated fire in this
area could cause a loss of heating, ventilation, and air conditioning (HVAC), ;

diesel fuel transfer, and ERCW support systems to emergency diesel generators
2A and 28.

TVA has enclosed cables 2PL4975A and 2PL4978A in a 1-hour fire barrier as they
pass 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-
tion 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 to support Unit 2 onsite power capabilities will be

'

free from fire damage.

Cables 1PL4982B and IPL49858 to Unit I diesel generator auxiliary boards 181-B ,

and 182-U interact with train A 480-volt cables 1PL4975A and 1P14978A to Unit 1
diesel generator auxiliary boards 1Al-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 hVAC, diesel fuel transfer, and ERCW support systems to diesel
generators 1A and 18.

1

TVA has enclosed cables 1PL49828 and IPL4905B in a 1-hour fire barrier as they
pass through the Unit 1 control rod drive equipment room. This condition was
identified by TVA's interaction study no. 12.

,

Thus, as a result of the above modification and sprinkler protection in the
Unit 1 control rod drive equipment room 759.0-A1, the staff finds there is
reasonable assurance that, if a fire occurred in this area, one train of those :

systens necessary to support Unit 1 onsite power capabilities would be main-
tained free from fire damage.

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

Near the unprotected north stairway opening associated with the auxiliary
building comon area from columns A4 to A5 and between column lines S and T on
elevation 669'-0", cable 15G220A for de control power to the turbine-driven
auxiliary feedwater pump interact through this opening with cables IPP650A,
1PP652A, IPP662B, and 1PP6648 for the 1A-A and IB-B motor-driven auxiliary
feedwater pumps and ISG2218 for alternate dc control power to the
turbine-driven auxiliary feedwater pump on elevation 690'-0". In addition,

cables IPP7008, 1PP712B, 2PP700B, ano 2PP7128 for ERCW pumps L-B, N-B, M-8, and
P-B on elevation 690'-0" interact through this opening with cables PP328A,
PP330A, PP448A, and PP450A associated with diesel generator heat exchanger ;

valves 1-FVC-67-66 and 2-FCV-67-66 on elevation 714'-0". Thus a postulated
fire on elevation 669'-0" in the area of the unprotected stairway opening could
jecpardize ERCW to Units 1 and 2 diesel generators and impact the operability

TVA SER Vol. 2. Part 1 3-17 Revised Preliminary Report



of both Unit I 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, hhen the sprinkler is actuated, this arrangement will form a water
curtain, which should preclude fire propagation from one auxiliary building
elevation to another.

Therefore, based on the staff's evaluation and approval (May 29,1986) of TVA's
outstanding Appendix R deviation requests and completion of the sprinkler water
curtain around the north stairway opening, the staff finds that there will be
reasonable assurance that, it' a fire occurred in the area of the stairway, one
train of the Units 1 and 2 ERCW and Unit 1 AFW systems would be maintained free
of fire damage.

In the area of the unprotected south stairway opening associated with the
auxiliary building corxcon area from columns All and A12 and between column
lines S and T on elevation 669'-0", cables 2SG220A for de control power to the
turbine driven auxiliary feedwater pump interact through this opening with
cables 2PP6628, 2PP6648, 2PP650A, and 2PP652A for the Unit 2 train A and B
motor-driven auxiliary feedwater pumps and 2SG221B for alternate de control
power to the turbine-driven auxiliary facdwater pump on elevation 690'-0". In
addition, on elevation 669'-0", cables 2PP550A, 2PP552A, 2PP5628, and 2PP5648
for charging pumps 2A-A and 28-B interact through this opening with 2PL4731A,
2PL4734B, 2PL47428, 2PL4743B, and 2PL4748A for Unit 2 train A, train B and
common component cooling system pumps on elevation 690'-0" and cables 2PL4725A,
2PL4726A and 2PL4732A tor component cooling system Unit 2 train A pump 2A-A on
elevation 714'-0". Therefore, a postulated fire on elevation 669'-0" in the
area of the unprotected stairway opening could impact the operability of both
redundant trains of Unit 2 auxiliary feedwater capabilities, charging pumps,
and component cooling syst:m pumps.

In regard to interaction studies nos. 57 and 101, TVA has installed additional
closely spaced sprinklers around the perimeter of the south stairway at each
elevation. When the sprinkler is actuated, this arrangement will form a water
curtain, which should preclude fire propagation from one auxiliary buildng
elevation to another. TVA has indicated that cabling associated with the CCS
pump 2A-A has been routed out of the interaction area.

Thus, as a result of the staff's evaluation and approval (May 29, 1986) of
TVA's outstanding Appendix R deviation requests and completion of the sprinkler
water curtain around the south stairway opening, the staf f finds there will be
reasonable assurance that, if a fire occurred in the area of the stairway, one
train of 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 III.J (SNPP Part 7.2.2)

The new fire shutdewn logic (SDL) identified additional plant areas where
operator action is required, necessitating additional emergency lights in these
areas and in access / egress routes. Some of the emergency lights hao 25-watt
lamps, whereas 10-watt lamps must be used to ensure there is an 8-hour
capacity. As an interim measure, the operations staff had portable
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battery-powered lighting to use if the normal lighting, standby lighting
: (onsite powered), and de lighting (station betteries) systens fail. Design

changes were made to replace the 25-watt lanps with 10-watt lamps and to add |'

more than 50 additonal light packs in various plant areas. !

During July 7 through 11, 1986, the staff conducted a site visit and verified
the adequacy of the emergency lighting. For a fire within the control room, L

ITVA procedure A01-27 (Control Room Inaccessibility (Revision 5)), lists a
number of manual operations required for plant shutdown. Manual operations f
must be conducted in the following plant areas: J

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

480-volt shutdown board rooms (four rooms / unit)*
,

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

diesel generator building, 480-volt diesel generator auxiliary board rooms [*

(four rooms) |
,

| During the site visit, emergency lighting tests were conducted in electrical [
i board rooms 734.0-A2, 734.0-A5, 749.0-A15, and 749.0-A16. Based on these i

tests, the lighting provided in these rooms met the minimum requircrents of [
Appendix R, Section III.J. !

t

1 3.1.2.3 Compliance with 10 CFR 50 Appendix R. Section 111.0 (SNPP Part 7.2.3) :
< i

! The drain pipino between the RCP motor oil collection basins and the con- (
i taiorent floor (oil drains to the auxiliary reactor building sumps) is designed !

to Category I requirenents so the piping will not fail during a safe shutdown i
'

earthquake and damage nuclear safety-related equipment. This drain piping to
the auxiliary reactor building sump has not been designed to maintain its
pressure boundary integrity after a safe shutdown earthquake. The RCP motors, .

the lubricating oil systems, end the auxiliary reactor building sump are
designed to seismic Category I requirerents so they will not fail during a safe !

1

J shutdown earthquake. Therefore, randem oil leaks are not assumed to occur !
; simultaneously with a design event because of the system design. TVA contends i

that the total system provides more than reasonable assurance that a RCP motor ,

lubrication oil fire will not occur as a result of a seismic event. Assuming i

then only a random single failure, the oil collection system would only be
required to hold the oil resultir.g from the largest spill resulting from that !

single failure. !
|

The sump vents do not require the installation of flame arresters because the ,

high flashpoint characteristics (390*F) of the RCP rotor lube oil preclude the
fhazard of fire flashback,

!Based on the above system description and the staff's evaluation and approval
(May 29, 1986) of TVA's outstar. ding Appendix R ueviation requests, the staff !
finds there is reasonable assurance that the existing RCP oil collection system ;

provides an equivalent level of fire safety to that reouired by the technical !

| requirements of 10 CFR 50, Appendix R, 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 issued August 10, 1984,
.

lVA established roving firewateres to provide continued surveillance of i
'

|

1
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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 neet the requirenants of 10 CFR
50, Appendix R, Section III.G. In addition, these roving firewatches were
required to cover their assigned areas at least once an hour and decurent their
actions in accordance with TVA's Operations Section Letter Administrative 73.

As a result of the recent inspection (March 13-17,1988) 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
isolation 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 be corrected during the next ,

;

; refueling outage. Since TVA was already covering the pertine.nt areas for this
interaction, the use of additional fire watches was not necessary.

j

3.1.3 Conclusion

Cased on its evaluation, the staff has concluded that upon completion of the
fire modifications and 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 Appendix R program
will provide an acceptable level of fire protection, equal to that required by
10 CFR 50, Appendix R, Sections III.G, III.J. III.L. and III.O.

3.2 Environrental Qualification of Electric Equipment Irportant to Safety
4

| 3.2.1 Compliance with 10 CFR 50.49
i

j 3.2.1.1 Introduction

A licensee nust demonstrate that equipment that is used to perform a necessary
safety function is capable of maintaining functional operability under all

its installed life for the time
service conditions postulated to occur during(which is in General Design Cri-it is required to operate. This requirement

,

|
teria (GDC) 1 and 4 of Appendix A and Sections III, XI, and XVII of Appendix B
to 10 CFR 50) is applicable to equipment located inside as well as outside con-

,
' tainment. More detailed requirements and guidance relating to the methods and
I procedures for demonstrating this electrical equipment capability are in
! 10 CFR 50.49, "Environmental Qualification of Electric Equipnent Important to

Safety for Nuclear Power Plants"; in NUREG-0588, "Interin Staff Position on
Environnental Qualification on Safety-Related Electrical Equipnent" (which
supplenents IEEE Standard 323 and various NRC regulatory guides and industry

l

4
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standards); and "Guidelines for Evaluating Environmental Qualification of .

Class 1E Electrical Equipment in Operating Reactors" (Division of Operating
Reactors (DOR) Guidelines).

;

OnFebruary8,1979,theNRCOfficeofInspectionandEnforcement(IE) issued
to all licensees of operating plants (except those included in the systematic

) evaluation pregram (SEP)) IE Bulletin (IEB) 79-01, "Environmental Qualification t

of Class 1E Equipment." This bulletin, together with IE Circular 78-08 (issued'

on May 31, 1978), required the licensees to review the adequacy of their envi-
ronmental qualification programs. j

On January 14, 1980, NRC issued IEB 79-01B, which included the D0R Guidelines !
i

and NUREG-0588 as attachments 4 and 5. Consnission Memorandum and Order
CLI-80-21, issued on May 23, 1980, stated that licensees must meet the 00R
guidelines and portions of NUREG-0588 regarding environmental qualification of'

safety-related electrical equipment to satisfy those aspects of GDC 4. Supple-
n:ents to IE8 79-01B further clarified and defined the staff's needs. These
supplements were issued on February 29. Septeniber 30, and October 24, 1980.

I

J In addition, the staff incorporated license conditions into the license for
Sequoyah Unit I requiring that TVA (1) provide a report, by November 1,1980,

j documenting the qualification of safety-related electrical equipnent, (2)
establish, by December 1, 1980, a central file location for the maintenance of

'

all equipment qualification records, and (3) comply wich NUREG-0588 by June 29,i

1982. Item (3) also was included in the licensee for Unit 2 which was issued
in 1981.

The staff issued an SER on environmental qualification of safety-related
electrical equipment to TVA on June 23, 1981. This SER directed TVA to "either
provide documentation of the missing qualification information which demon-
strated that safety-related equipment meets the D0R Guidelines or NUREG-0588
requirements or conmit to a corrective action [requalification, replacement

j (etc.)]." TVA was required to respond to NRC within 90 days of receipt of the
SER. In response, TVA submitted additional info mation regarding the quali-
fication of safety-related electrical equipment. This information wac evalu-
ated for the staff by the Franklin Research Center (FRC) to (1) identify all
cases where TVA's response did not resolve the significant qualificationI

issues, (2) evaluate TVA's qualification documentation in accordance withi ,

established criteria to determine which equipment had adequate documentation :
iand which did not, and (3) evaluate TVA's qualification documentation for
'

safety-related electrical equipment located in harsh environments required for>

| implementation of THI Lessons Learned. FRC issued a Technical Evaluation i

- Report (TER) on March 31, 1953. The staff issued an SER on April 26, 1983,
i with the FRC TER as an attactnent.
1 i

!A final rule on environmental qualification of electric equipment important to
.

i safety for nuclear power plants became effective on February 22, 1983. This
4 rule 10 CFR 50.49, specifies the requirements for electrical equipment
i important to safety located in a harsh environment. In accordance with this
i rule, equipnent for Sequoyah Units 1 and 2 may be qualified to the criteria :

: specified in either the D0R guidelines or hUREG-0588, except for replacement ,

j equipment. Replacement equipment installed after February 22, 1983, must be
qualified in accordance with 10 CFR 50.49, using the guidance of Regulatory |

a

Guide (RG) 1.09, unless there are sound reasons to the contrery,
|
i 1
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J

,

The staff met with each licensee for whom FRC had prepared a TER to discuss all ,

remaining open issues regarding environmental qualification, including thei

acceptability of the environmental conditions for equipment qualification
purposes, if this issue had not yet been resolved.

i

On May 10, 1984, the staff and TVA met to discuss TVA's proposed method to,

resolve the environteretal cualification deficiencies identified in the staff's
"

SER and FRC's supporting TER transmitted on April 26, 1983. Discussions also |

included TVA's general methodology for compliance with 10 CFR 50.49. The !
Iminutes of the meeting and proposed method of resolution for each of the

environmental qualification deficiencies are documented in TVA submittals by
letters dated March 26, December 23, 1985 and January 29, 1986.

On August 21-22, 1985, TVA shut down both Sequoyah units because of concerns
that documentation at TVA nuclear sites might be inadequate for environmental
qualification of electrical equipment within the scope of 10 CFR 50.49. This'

decision was based on the results of a TVA management review of the environ- ,

mental qualification activities for compliance with 10 CFR 50.49 (condected by
TVA staff and Westec Services, Inc.). Based on this decision and the results :
of the review, TVA initiated an in-depth program to ensure that environmental
qualification of all electrical Equipment within the scope of 10 CFR 50.49 was .

; established at Sequoyah and all other TVA nuclear sites.

3.2.1.2 Evaluation ;

Summary of Resiew

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's4

compliance with the requirements of 10 CFR 50.49; (3) TVA's Corporate Nuclear;

Performence Plan, Revision 4, and Sequoyah Nuclear Performance Plan, Revision
1; and (4) the staff's equipment qualification audit November 18-22, 1985, and ;

the staf f equipment qualification inspectiois January 6-17, February 10-14:

June 23-2i, and December 8-12, 1986, and April C-10: 1987.
,

Proposed Resolut1 & s of Identified Deficiencies |
q

TVA de.icribed its proposed resolutions for the equipme.it envircnmental qualifi- |:

cation ceficiencies identified in the SER and the Tert in submittals dated
March 26 and December 23, 1985, and January 26, 1986. During its May 10, 1984, ;

meeting with TVA, the staf f discussed the proposed resolution of each def 1- i

ciency for each equipment item identified in the TER and found TVA's approach |

for resolving the identified environmental qualitication deficiencies accept- 1
.

able. The majority of deficiencies identified were documentaion, similarity,'

j aging, qualified life, and replacement schedule. All open items identified in
; the SER also werr, discussed, and the staff found TVA's resolution of these

ite" acceptable,
,

! TVA's approach for addressing and resolving the identified deficiencies

]
incluues replacing equipment, performing edditional analyses, using additional
qualification documentation beyond that reviewed by FRC, obtaining additional

! qualification documentation, and determining that sote equipment is outside the
j scope of 10 CFR 50.49 and need not be environmentally qualified (equipment

| TVA SER Vol. 2, Part 1 3-22 Revised Preliminary Report |
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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 !
method for resolving environmental qualification deficiencies. More lengthy ;

discussions with TVA concerned the use of additional analyses or docun,entation, f

Although the staff did not review the additional analyses or documentation :

during the meeting, the staff did dicusss how analysis was being used to
resolve deficiencies identified in the TER and the content of the additional 7

documentation to determine the acceptability of these methnds. During November
'

18 through 22, 1985, the staff and a consultant from EMG Idaho, performed an
audit of the Sequoyah electrical equipment environmental qualification binders,
and inspected selected equipment. During January 6-17 February 10-14, June
23-27, and December 8-12, 1986, and April 6-10, 1987, the staff and its consul- ,

tants from Sandia National Laboratories inspected the Sequoyah equipment quali-
fication (EQ) binders and selected equipment and reviewed Sequoyah's
implementation of the 10 CFR 50.49 program.-

On the basis of its discussions with TVA, the review of the submittals, and the t

| audit and inspections, the staff finds TVA's approach for resolving the identi-
fied environmental qualification deficiencies acceptable.4

Evaluation of Compliance with 10 CFR 50.49,

; All equipment that is located in a potentially harsh environment and is re-
quired to mitigate the consequences of a design-basis event (DBE) at Sequoyd '

has been identified in accordance with 10 CFR 50.49(b)(1). TVA identified the4

equipment by reviewing all systens on which the safety analysis in the FSAR is
dependent. Other systems or equipment necessary to support these systems were
also identified by TVA.

From the safety systems identified above, TVA conducted a survey of the safety-:

4 related equipment within the poter,tially harsh environtrent that resulted from a
j CBE. This survey wes conducted using electrical instrument tabulations,

mechanical piping drawings, mechanical heating and ventilation drawings, '

instrumentation and control drawings, electrical equipment drawings, and .

: ccnduit and grounding drawings to identify the safety-related components. TVA

| verified the equipment qualification by a field survey of the installed com-
; ponents to certify proper correlations between the qualification documents and
' the in situ equipment,

*

i TVA determined that DBEs in the area covered by 10 CFR 50.49 are high-energy
! line breaks (HELBs) both inside and outside of containment and loss-of-coolant
: accidents (LOCAs). Equipment in the 10 CFR 50.49 program was evaluated for the

harsh environments through which it must function and/or not fail. These en-'

vironments include flooding both inside and outside containment cs a result of
,

a DBE, '

1

! TVA also evaluated other accidents in Chapter 15 in the Seouoyah FSAR that did [
! not fit the 10 CFR 50.49 DBE definition as interpreted above, but that have the i

i potential to produce environments nore severe than those encountered during
normal operation or anticiphted operational occurrences. These accidents are ;

the waste gas decay tank rupture (WGDTR), the fuel handling accident (FHA), and '

2
i
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the steam generator tube rupture (SGTR). The WGDTR and SGTR do not produce
unusual temperature or pressure environments, and the radiation environments

Cassociated with them are not significant. Radiation doses to equipnent neces-
sary for mitigation of these events are less than 104 rads. The FHA results in
relatively mild radiological consequences that are restricted to zones-of-
influence about the auxiliary building gas treatment system (ABGTS) charcoal
beds in both units. The only equipment in the scope of 10 CFR 50.49 affected
by the FHA is reflected in the category and operating times document for
Sequoyah and is qualified to more harsh environments than that produced by the ;

FHA.

In sumary, the 10 CFR 50.49 DBEs at Sequoyah that produce harsh environments i

are those events which are LOCAs and HELBs inside containment and outside
containment. The FHA, occurring in the fuel handling area, is the only other
Sequoyah FSAR Chapter 15 event which produces a harsh environment.

TVA environmental data drawings are design output documents that identify and
define the conditions of all harsh zones that contain 10 CFR 50.49 scope equip-
ment. These harsh zones result from the DBEs. All environmental parameters
necessary for design, procurermnt, and qualification of equipment in accordance :

with 10 CFR 50.49 are specified on these drawings. These parameters include
'

normal, abnormal, and accident values for temperature, pressure, relative
humidity, radiation (expressed as a 40-year integrated dose and an accident
dose), flooding level (from a LOCA and HELB including contribution from spray),
and spray chemistry. LOCA and HELB pressure, temperature, and relative
humidity profiles are provided. The environmental parameters shown on the
drawings are derived from a numtor of supporting calculations that are
referenced on the drawings.

TVA's approach for identifying equipment within the sco)e of 10 CFR 50.49(b)(1)
is in accordance with the requirements of that paragrap1, and, therefore, is
acceptable.

;

The paragraphs below sumarize the method used by TVA to identify electrical
equipment within the scope of 10 CFR 50.49(b)(2), "Nonsafety-related electric
equiptrent whose failure under postulated environmental conditions could prevent
satisfactory accomplishment of safety functicris.... "

!

Electrical equipment that is not safety related and is exposed to harsh acci-
;
- dent environments 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 to adversely affect safety-related devices as a result of i
,

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'

1 the nature of an interface was not clear from the control and logic diagrams.
Each intetface with equipment that is not safety related was evaluated for its

2

potential to adversely affect safety functions, and the results were j

documented, i
;

~

The result of this stuoy showed that six devices (three per unit in the re-
sidual heat removal (RHR) system) that are not Class 1E have the potential to

{ adversely affect RHR. Hcwever, a failure modes evaluation of these devices
i

|
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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 failures. 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
1E power system is therefore adequately protected by its own design for most
environmentally induced failures. The operation of this electrical protection
was examined in analyses done to verify the protection of primary containment
electrical penetrations and in analyses done to identify associated circuits as
defined for 10 CFR 50 Appendix R. The protection has been shown to satisfy
its design basis. Submergence and spray effects may, however, cause multiple
non-qualified electrical equipment and cable termination faults. This type of
failure is outside the design basis of the Class 1E power system. Devices and
junction boxes exposed to containment spray or to submergence inside
containment or to subnergence outside containment that are not qualified for
these conditions have been identified. Evaluations of the effects of multiple
faults from these circuits on the ability of the Class IE power system to
provide power to essential eculpment show that unacceptable degradation of the
Class 1E power system would not occur.

The staff finds the methodology being used by TVA acceptable because it
provides reasonable assurance that equipnent within the scope of
10 CFR 50.49(b)(2) has been identified.

Withregardto10CFR50.49(b)(3),TVAevaluatedexistingsystemarrangements |
and identified equipment for the variables defined in RG 1.97, Revision 2. TVA

-

has submitted for staff review a report outlir.ing the results of the review and
schedules for modifications. Because the review is not complete, some of the
equipment items jointly within the scope of NUREG-0737 and RG 1.97 have not
been included in the 10 CFR 50.49 scope. When the RG 1.97 report and equipaent
lists contained therein have been finalized and accepted by the staff, appro-
priate equipment not already in the 10 CFR 50.49 scope will be added in accora
dance with the RG 1.97 implementation schedule. I

TVA will complete environmental qualification of tne applicable FSAR Class 1E-
designed instrumentation and the FSAR post-accident monitoring (PAM) instrumen-
tation before plant restart. For those instruments already added to the plant i

because of a comitment to meet post-TMI requirements (NUREGs-0578 and -0737). !

TVA will complete its environmental qualification in accordance with its |

responses to those h0REGs or any extension granted with respect to those !
responses. ;

For instrumentation that is not considered operable or not installed but that
will be complete by startup from Unit 2 Cycle 4 refueling outage in accordance i

'

with the implementation schedule for RG 1.97 or post-TMI NUREGs, environmental
'

qualif teation 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 original 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 emergency opercting instruction (E01) requirements has been given
in the development of the 10 CFR 50.49 equipment scope. The following were
considered:

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

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

TVA's installed PM indicators are specifically identified to the main control
; room operator. The indicators are marked either P1 or P2, which indicates the

function these indicators fulfill as PAN channel 1 or PAM channel 2. This
method of marking the indicators on the main control room boards shows their
importance (rather than requiring that they be singled out in the plant
procedures as being environmentally qualified and safety related).

These installed PAM indicators are served by instruments (e.g., transmitter)
that are qualified to meet the 10 CFR 50.49 requirements. When other activi-
ties are implemented (in accordance with NUREG-0737 and RG 1.97), instruments-

presently installed but not requiring specific identification and qualification
T.ay have to be upgraded.

I TVA has concluded that the PAM equipment that will be installed and qualified
at plant restart will give the operator the information necessary to identify

j and mitigate DBEs and will be appropriately marked to indicate its importance.
|The staff finds TVA's approach to identifying equipment within the scope of.

10 CFR 50.49(b)(3) acceptable because it is in accordance with the requirements
of that paragraph.

3.2.1.3 Conclusions >

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

(1) The Sequoyah electrical equipment environmental qualification progr&m |

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 FPC's TER are

acceptable. j4

:
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
| ae qualified. By letter dated February 27, 1988 TVA provided 1:ertification
j that all restart work is complete,
j
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3.2.2 Superheat Transient (Main Steam Temperature Issue)

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

3.2.2.1 Main Steam Line Break in Main Steam Valve Vaults

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

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

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

Mass and Energy Release Data

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

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

TVA postulated a spectrum of breaks, including a double-ended 1.4-square-foot
rupture of the steam line, a 0.9-square-foot break upstream of the main steam
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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. ~iare-foot break rcsults in automatic isolation of the'

mainsteamisolationvaives(MSIVs)andthemostrapiduncoveringtubebundle,
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 i

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
,I other three steam generators from blowing 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 uncovered !

late in the transient. The total blowdown energy from the four steam
generators is significantly higher than that from one steam generator. The
results of the analyses indicate that the 0.9-square-foot break downstream of
the check valve is the limiting case. |

!

Compartment Temperature and Component The: mal Lag Analyses

In calculating corrpartment 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 cold i

outside air into the vault and pushes hot air out through the blowoff roof !

panel. Natural circulation significantly reduces the temperature in the vault. !

The natural circulation phenomenon and its effects were originally identified !
in the COMPACT code calculations and later confirmed by a TVA calculation using'

the RELAP5 computer code. They werc also 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 j

and steel structures were counted as heat sinks. Condensation heat transfer i

'based on the Uchida correlation was modeled until the surface temperature
reached the saturation temperature corresponding to the pressure in the vault. ,

'
Afterwards, natural convective heat transfer was modeled. For the components,
different heat transfer coefficients were used to maximize the component sur- t

i face temperature responses. Four times the Uchida correlation and forced-
convection, heat-transfer coefficients were used in modeling the condensing ,

mode and saturation mode, respectively. This approach is conservative and in |

accordance wich the staff guidance in NUREG-0588. It is, therefore, !

acceptable. ;

Results of the Analysis ;;

! Westinghouse analyzed six cases for the two valve vaults using the COMPACT com-
: puter code. The rapid blowdown of the steam generator for the 1.4-square foot i

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 ;

i, circulation mitigates the temperature rise in the valve vaults. However, the ;

0.9-square-foot break downstream of the check valve results in all four steam '

generators blowing down and delays the natural circulation effect. This delay ;

results in a higher vault temperature. The results in the TVA submittal in- I

dicate the.t 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 t

to 302'F from 140'F in the first 10 seconds after the break. Thereafter, the !
]j 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 420'F for 70 seconds. At 543 seconds,

; the mass release rates have dropped enough for natural circulation to begin.
Natural circulation and the temination of the blowdown at 600 seconds cause a
rapid cooldown of the vault to temperatures below 200*F.

,

A sensitivity study showed that the results are not sensitive to the nodaliza-
tion model chosen for the valve vault. A blowoff roof flow area sensitivity1

study also showed that the compartment air temperature rise is only slightly
sensitive to the flow area.

:

The resulting surface temperature profile for a MSIY is shown in Figure 6.3-5
of the TVA report submitted August 13, 1986. The peak temperature is 365'F.,

i

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 tet perature is about 380'F in both cases. These peak component sur-

' face temperatures are higher than the qualification temperature limit of 325'F.,

Confirmatory Analyses Performed by TVA and Phl

j Westinghouse performed the analyses discussed above for TVA, using the COMPACT
computer code. TVA performed an independent, confirmatory analysis using the>

RELAP5 computer code. The results based on RELAP5 are similar to those
obtained using CONPACT with respect to the shape of the ten.perature 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 calculations. The predicted peak temperature and
steady-state temperature values also were close, with the RELAPS results being

]
somewhat higher,

l Using RELAP5, TVA analyzed additional cases assuraing a smaller break size (0.3
square feet) and different initial power levels (102 percent and 70 percent).'

i The effect of initial pcwer on the vault temperature response was
insignificant, and the temperature response for the smaller break size was less1

severe. Therefore, TVA believed that the spectrum of break sizes chosen in the
,

Westinghouse COMPACT unalysis was acceptable. The staff agrees with TVA on the
; adequacy of the break spectrum analyzed,
t

At the staff's request, PNL performed an independent confirmatory analysis!

using the COBREE computer code. (This code has previously been used for the
calculation of compartmental pressure /tenperature response following a postu-
latedHELB.) The results of the PNL analysis show good agreement with the
shape and timing of the temperature profiles obtained for the three cases4

analyzed in the Westinghouse COMPACT analysis (the 1.4-square-foot break, the
0.9-square-foot break upstream of the check valve, and the 0.9-square-foot,

break downsteam of the check valve in the west valve vault). The PNL results:

) confirm the effect of the natural circulation phenornenon identified in the TVA
j analysis. Quantitatively, the COBREE calculations predicted higher room
j temperatures but lower cuponent surface temperatures. One of the main reasons

for this is the way in which the COBREE code models heat transfer. The current
i

1 versien of the COBREE code used the same heat transfer coefficient for struc-
! ural heat sinks and safety-related components. The CCNPACT code, however,

j minimizes heat transfer to the structural heat sinks and maximizes the heat
:
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l transfer to the safety-related components. This approach is more conservative ,

for component surface tonperature calculations and is consistent with the !"

guidance in NUREG-0588. Therefore, the staff finds the coraponent surface i4

temperature profiles calculated with the COMPACT code to be acceptable for i
< '

1 equipment qualification.
' internal Heat Transfer

I
TVA analyzed the thermal response of electrical components to the surface.

temperature profiles to show that the internal temperatures reached during the
MSLB are bounded by the internal terporatures from the quantification testing.

This modeling n,ethodology was the subject submittals to the NRC as well as
several meetings with the NRC concerning the acceptability of using the metho-
dology for establishing environmental qualification of equipment. A detailed
review and technical evaluation of the licensee's submittals on this issue was
conducted by Franklin Research Center (FRC) under contract to the hRC. The
results of that work were reported in FRC Technical Evaluation Report TER-
C5506-658, "Review of Thennal Analysis of Electrical Equipment for Main Steam

4 Line Break Environmental Qualification, Sequoyah Units 1 and 2," dated May 8
j 1987. This TER is included as Appendix C to this SER. NRC staff has reviewed
| the TER and the staff agrees with the conclusions in the FRC TER that there is
) reasonable assurance that the heat transfer modeling accurately reflects com-

ponent temperatures during i MSLB. Where assumptions were required during the
modeling, TVA maintained a conservative approach, providing additional assur-
ance that the predicted component temperatures during the MSLB approach a
worst-case scenario. Therefore TVA has effectively demonstrated that the
components located in the MSVYs identified in Table 1 of the TER would not !

exceed their qualified temperature profile during a MSLB and are considered
qualified for this condition. The staff further concludes that this method- ,

ology would be acceptable (with proper application) for demonstrating qualifi- t

cation of equipment which was not included in Table 1 of the TER and was !

located in the valve vaults.

3.2.2.2 Main Steam Line Break Inside Containment
,

Westinghouse, on behalf of TVA and Duke Power, modified the LOTIC III computer
code to include the cooling effects of the ice melt water spraying out of the
ice condenser drains. A test program that included full-scale modeling of the
spray out of a drain was undertaken to support the changes to the LOTIC code.
A COBRA NC analysis was also performed to provide a very detailed analysis of
the containment temperature transient. This work is contained in two topical i

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 t

steam after tube bundle uncovery. The peak temperature inside Watts Bar ;

containment was reduced from 327*F to 315*F. Duke Power saw similar results f

for its Catawaba plant.
ITVA reviewed the Watts Bar analysis for applicability to Sequoyah and deter-

mined that a Sequoyah specific analysis was necessary. This additional analy- |
sis was required because of the minor differences between the two plants in |
structural arrangements inside containment. The analysis used Sequoyah-
specific steam line break masses and energy releases. The results of this |

!
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analysis indicated that the current FSAR steam line break temperature profiles
were conservative and additional analysis was not required.

The staff concludes that the containment temperature profile is acceptable cen-
tingent on the verification that the analysis contained in the Westingl.ouse
Reports WCAP-10986 and -10988 is accurate. The staff's review of these reports
is being conducted on a generic basis and the results of the generic review
will be addressed separately.

3.2.2.3 Sumary

The staff finds that this issue is resolved on the basis of the NRC staff re-
view of (1) the TVA main steam temperature issus discussion provided in
Part III, Volume 2 SNPP Revision 1, March 1987; (2) the FRC TER-C5506-658,
May 8, 1987; ano (3) the documentation evaluated during the April 6-10, 1987,
NRC environmental qualification inspection report 50-327/328 87-22.

3.3 Piece Part Qualification (Procurement)

3.3.1 Introduction

TVA Nuclear Safety Review Staff (NSRS) reports R-84-17-NPS and R-85-07-NPS
identified deficiencies in TVA's practices for the procurement of
safety-related replacement items. NRC Inspection Report 50-327/328 86-61,
dated November 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 purchasing replacement components and parts as comer-
cial-grade, without documentation of its qualification and without adequate
dedication of the items by TVA.

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

3.3.2 Evaluation

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

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

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

)
(2) establish programs and practices tl:tt will ensure that previously ;

qualified equipment (seismic and environmental) will not be degraded in ,

the future through the use of spare and replacement items |

i

|
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(3) involve the Division of Nuclear Engineering (DN2) in the procurement
process as an integral function

The major activities o' the RIP project follow.

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

(2) Before restart TVA will perform an evaluation on previously installed 10
CFR 50.49 (environmentally qualified) replacemant items and on seismically
sensitive components that are installed within the Phase 1 DBVP boundary.

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

(4) After restart TVA will dedicate ccmmercial-grade material installed or
,

currently in stock for use in safety-relcted applications.

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

(G) After restart TVA will perfom an engineering evaluation of the other
sefety-related replacement items.

(7) After restart TVA will develop pre-enginecred specifications detailing
technical and cuality requirements, source audit and inspection
requirerents, receipt inspection requirements, part conditioning
requirements, and, if applicable, post-maintenance test recuirements

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

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

The NRC inspection of the RIP is discussed in Inspet. tion Report 87-40. All
restart comitncnts have been completed. An issue was raised regarding the
screening process used by TVA for replacement parts in seismically cualified
equipment. In some cases, TVA used the historical data base of equipment
enerating experience in eirthquakes to conduct its review of the seismic
adequacy of replacement parts. The staff concluded that this was not an
acceptable approach for long-term resolution of this issue at Sequoyah as
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discussed in an October 29, 1987 letter to TVA. However, the staff further
concluded that this process could be used to support plant restart. TVA
responded to the staff concern by letter dated December 8,1987(a); TVA provided -

an acceptable long-term program plan by letter dated February 10, 1988.
I

3.3.3 Conclusion ,

On the basis of its review, the staff finds that, with proper implementation of
the plans, this special issue should be satisfactorily resolved. !

3.4 Sensing Line Issues
;

3.4.1 Line Slope

3.4.1.1 Introduction

Issues were raised through the employee concerns program concerning the instru-
ment l'ne slope. It was determined that the actual configuration did rot match
the reouirencnts for line slope indicated on plant drawings at Sequoyah,
Erroneous instrument line slope can affect instrument sensor accuracy and leadt ,

to an instrument error in detecting process conditions outside the safety
limits. Instrument lines act as a coupling between process 9s and sensors and,
to be effective, they must be filled with a known fluid. Insufficient line -

slope can cause gas to be entrapped with the liquid medium or may cause gas to
condense to liquid and cause a degradation in instrument accuracy. Some
designs allow the use of high point vents, along the sense line, for venting
where the slope cannot be maintained to ensure that no gas is entrained. Some
designs also allow the use of condensate collection chambers, for instrunent
lines where slope cannot be maintained, to collect condensed liquid from the ,

gaseous medium. The employee concerns noted that some instrument lines had
either no slope or reverse slope without high point vents.

There appears to be a number of different problems Mith different solutions.
Scre instrunent lines have insufficient positive slope while others have a
negative slope. Some instrurent lines, such as those within the auxiliary
feedwater system, have been relocated to ensure system functionality, while
others in the effluent gas treatment system (EGTS) require the addition of j

condensate collection chombers. 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, Decerber 8, 1987(b) and January 22, 1988. In the letter of December 8,
1987, TVA issued a six-volume report titled "ECTG Slope Closure," Rev. O, dated
October 27,1987(RIMSB25871027015). As a result of this review. TVA has
taken the actions listed belcw.

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

(2) Based on various calculations (SQN-ISL-002). TV? hac developed criteria ;

for detemining instrunent line welkdowns where process and ambient '

conditions could cause unacceptable instrument performance for reactor |trip, engineered safety features actuation, or accident monitoring i

functions. !
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(3) Based on these criteria, TVA physically wolked down 57 instruments and 83
instrument lines and measured for instrument line slope. TVA recorded all
observed discrepancies on the instrument 1),'e slope sketches and each
individual discrepancy was evaluated, dispositioned, and verified by a
second individual for technical adequacy.

(4) TVA issued Electrical Design Standard DS-E18.3.7 to be used for instrument
line slope criteria for future Sequoyah nodifications.

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

(6) TVA issued calculations to determine the amount of entrapped air in closed
instrument lines under various temperature and pressure conditions in
order to pemit the sizing of the high point vent reservoir (VENTRES C01

'

JAN, B 43 870123 901).

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

(8) TVA issued a DCN (DCN-X00004) to revise RHR (System 74) instrur.ent line
for slope and to eliminate a number of high point vent valves.

(9) TVA issued a DCN (DCN-X00009) and two ECNs (ECN-7171 and ECN-7172) to
revise auxiliary feedwater (system 3) and containment spray (System 72)
instrument lines for slope and rotate the pressure switch tap for the
auxiliary feedwater system to 120' from top of the suctior header.

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

1

(11)TVAhaspreparedandissuedmaj4tenariceinstructions(MI)forbackfilled
instrument lines for various systems (MI 19.1 series).

1

(12) TVA has prepared and issued surveillance instructions * lor verification of ;

essential instrunent operability (SI-604). |

3.4.1.2 Evaluation
|

TVA prepared a list of all instruments that either detect or mitigate those
events in FSAR Chapter 15, the reactor protection system, provide an input to
the reactor protection system, or perform engineered safeguard functions. A

number of instrunent lines were eliminated from physica', walkdown on the besir,
of the criteria listed below.

1

(1) all instruments mounted by vendors on a vendor supplied package or si:id

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

(3) instruntnt lines that are sealed
,
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(4) ambient temperature is low and pressure excursion will not drain the j,

instrument line during an accident condition
; ,

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

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

3
,

'
J The staff has also reviewed the Norris Laboratory test report

(WR28-1-85-124.R1) that indicated that entrapped air in instrument lines sloped !

, at 0.125 Hch per foot or more have no effect on the static transmission of .

'
pressure i liquid filled lines, even though some air riay become entrapped in'

socket weh fittings. However, the dynamic transmission of pressure may cause
significant oscillation at the transmitter over a transient period of time.
TVA has calculated that an instrument line that tends to be oscillatory during :

DBA cor.ditions because of entrapped air will exhibit oscillatory behavior
during normal operation and testing. Therefore, this provides the opportunity

,

'i
for corrective actions for the instrument lines that tend to be oscillatory as

|a result of entrapped air.,

'

The Norris Laboratory test results did not address the migration of entrapped
air bubbles within horizontal sections or in downward sloping sections fol-
lowing upward sloping portions. However, TVA calculations indicate that air
bubble fonnation is a concern only in instrument ifnes operating below 100:

i psig. This analysis also provided the methodology for sizing of a high-point
,

!

|
vent reservoir to ensure that the instrument lines remain liquid filled.

,

! TVA has applied these test results and conclusions to the 57 instruments and 83
; instruments lines that were physically walked down. Based on this review, the
) following findings were identified:
1

; (1) instrument lines that are acceptable met acceptance 12
criteria

!(2) instrument lines that are acceptable met acceptance 4

criteria af ter minor adjustment i
;

j (3) instrur.ent lines that aid not meet the acceptance criteria 47 but i

i 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 dispositioned these
.

DCNs and new slope values were recorded on the revised diagram. These 20 ;

! instruments covered the wide range of plant systems including auxiliary feed- '

water, residual heat removal, containment spray, and effluent gas treatment |4

systems. For the instrument lines that did not veet the acceptance criterit,'

; TVA has evaluated each discrepancy individually on the basis of system
i requirements, response time, accident environments, operating experience, i

i industry experience and Norris test results. |

! I
l
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i The NRC staff assisted by its consultant, Science Applications International,

j Corporations, has reviewed the information submitted by TVA and has also met ;

with the personnel who perfomed the walkdown and who were responsible for |1

I disposition of the individual findings.
'

) TVA has issued an electrical design standard to be used for instrument line i

slope criteria in future modifications. TVA also is planning to issue in the
near future an instrun,entation engineering requirements specification that :

,

; specifies the design standards and the required QA inspections. The staff has |

,

j reviewed the new electrical design standard and believes that design standard !
' together with the instrument specification will prevent the future recurrence !

'

of the problem.
; ;

3.4.1.3 Conclusion;

i The TVA study has adequately considered the needed accuracy requirements for {
safety-related instruments and the technical justification contains the <

rationale for allowar.ces in instrument inaccuracies. Based on its review of ,

'test results, analysis, and design standards for instrument line slope, the
1 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
a

1 of them are similar in appearance, but not interchangeable in design. Issues
j arising from the employee concerns special program were that there are mixed :

i fittings and improper installation resulting f rom lack of training and }
inadequate quality assurance. Tests were performed at Singleton Materials !

:

) Engineering Laboratory of various configurations of compression fittings. The
!

j report concluded that regardless of different manufacturers or installation
techniques, a compressicn fitting that successfully passes hydrotesting will !

,

; serve its intended purpose.

l TVA has initiated corrective actions that include periodic training for craft :

1 personnel and a procedure defining 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-;

i tions. On the basis of its review of Element Report C017304 and the above in- :

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

!

| 3.4.3 Teflon Tape ;
i

i

.
Teflon tape has been used as a sealant in pipe thread fittings at TVA plants. |

j Under high temperature or radiation conditions, the teflon tape may release |
j flourides that would induce stress corrosion cracking of the stainless steel ;

j fitting. Although Sequoyah plant procedures prohibit the use of teflon under 4

2 high temperature / radiation conditions, a concern at Watts Bar led to an inspec-
1 tion at Sequoyah. Two cases not conforming to the procedural requirements were

found and 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 plantq

\

!
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restart are complete. As a long-term action, corporate guidance on the use of
teflon tape and a single-defined tape replacement plan will be issued.

3.5 Welding

3.5.1 Introduction

In Section III.8 of the SNPP, TVA discusses the welding project program to
evaluate the acequacy of the TVA welding program for all of the TVA plants and
the suitability of welded structures and systems for service. In addition,

approximately 30 percent of the safety related employee concerns pertain to
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 fequoyah site. TVA efforts to resolve welding issues were
directed first at the Sequoyah site.

By letter dated January 17, 1986, TVA formally submitted its program plan to
address employee concerns related to welding for staff review. In essence, TVA
formulated its program to evaluate the welding program at each TVA nuclear
power plant in two separate work phases. The Phase I effort consisted of a
review of the written TVA welding program (design documents, policies, and
procedures) to ensure that the welding progran correctly reflects TVA's licens-
ing commitments and regulatory requirements. The Phase II effort consisted of
actual reinspection of selected welds and the inspection results were used to
evaluate the implementation of the written welding program. The sampled welds
evaluated to determine whether the welds mace by TVA in the field meet the
applicable code requirements and are adequate for service.

In both phases of the program plan, TVA was to identify and categorize any
deficiencies in the existing program, correct the problems, and implement
changes to prevent recurrence.

3.5.2 Evaluation

Phase 1 Program Plan

The Phase I progrcm consisted of the following subtasks:

review TVA commitrents to NRC*

verify that the written program raflects those comitments*

determine that weld-related comitments are reflected in design output*

determine that the programs it:plemented by the Offices of Construction*

and Nuclear Operations, as applicable, reflect design output and quality
documents

assemble employee concerns by type and plant |*

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

programs

|

|

|
'

TVA SER Yol. 2. Part 1 3-37 Revised Preliminary Report



.. __

issue an adequacy statement regarding written programs to*

implerr,ent/ control welding activities

As a result of the evaluation of the Sequoyah related employee concerns, TVA
concluded that there were five problem areas of a programatic nature which are
to be addressed. These five areas concerned (1) box anchor design deficiencies
(2) huclear Operations (NO) programmatic defielencies regarding compliance with
ANSI N45.2.5 where a required inspection was performed by someone other than
the QC inspectors, (3) inadequacies in the inservice inspection (ISI) program,
(4) a specific case of poor welder performance, and (5) minor implementation
deficiencies in the N0 welder cualification continuity program. hone of these
problems involved hardware deficiencies. The most significant recomendation
is to stop the practice that allows welders to update their welder performance
qualifications by running a bead on plate rather than raaking a full-penetration
weld.

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

ali of TVA's own requirerents were inplemented.

For example, in the FSAk TVA stated that structural steel welding would be
conducted in accordance with the Irerican Welding Society (AWS) 01.0-69, "Code
for Pciding Building Construction," or later versions, up to AWS D1.1-Rev.;

' 2-74, "Structural Welding Code." Section 6 of all these codes specifies: "The
inspector shall ennine the work to nake certain that it meets the requirements
of Section 3....* The requirements for fit up are specified in Section 3.

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

PHASE II Program Plan

The Phase II program consisted of the following subtasks:

centract with an outside censultart APTECH Engineering, to assess plant*-

fitness for service

contract with an outside consultant. Bechtel Power Corporation, to perform*

independent audits of the weldina programs of TVA's Office of Construction;

and the Office of Nuclear Operations'

evaluate the reed for reinspections based on the result of an evaluation*
;

of quality indicators
|
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implement any additional reinspections and deficiency resolutions ]
*

The results of the Phase !! efforts of TVA's welding program are discussed !
tbelow,.
.

| The APTECH Engineering review consisted of a review of (1) historical records !

i and activities related to the production of weids under Sequoyah's welding and i

j inspection program, (2) preservice and inservice inspection records of welds, ;

and (3) licensee event reports (LER) relating to weld quality. APTECH |
4

.
conclud d that (1) the welding program contained the necessary controls to !

| ensure high quality welds (2) the rate of significant indications detected j

| duringthepreserviceandinserviceinspectionsislow,and(3)noLERswere j

".
generated that are related to poor quality field welds. In sunriary, there is ;

no evidence that the quality of welds at the Sequoyah plant is such that they 3

are not fit for their intended service. '
-

The Bechtel aucit concluded that TVA had an effective program related to weld- !
ing and NDE at the Sequoyah site. However, the auditors noted that some of the :

program documents were confusing, overlapping, repetitive, and unclear. 1he j
Bechtel audit team reconinended that the quality control program be centralized

;

to one level of tuthority for unifonnity and consistency.4

The Bechtel audit provided an outside evaluation of TVA's approach to meeting ,

its FSAR comitments. The auditors selected the weld joints for the systems j

i selected by TVA and reviewed the documentallon. The audit team reviewed each a

weld cocument pcekage for the 17 key elements listed below. !

i

| implementation of technical and welding program requirements'
i

adequacy of desigr output document (not in terms of technical adequacy)I
*

initial welding operator qualifications J*

maintenance of welding operator qualifications |*

renewal of welding operater qualifications !*

initial welding inspector qualifications' ;

maintenance of welding inspector cualifications !
,

*
i

renewal of welding inspector qualifications |*

use of appropriate welding porcedures !*

use of appropriate inspection procedures |*-

use of appropriately trained and Qualified personnel t'

iuse cnd control of weldi.ng filler materials4
*

j in-process control of welding'

i dccumentation of the above activities i
*

! nonconformance reports and corrective actions*

adequacy of the training programs'

i The Bechtel audit resulted in one audit finding concerning procedural errors in
j the use and control of filler materials by the Office of Construction. The
i effect of the errors (the post Mid heat treatment temperature and time were
{

less than specified and yield strength not recorded as specified) was miniral
on the hardware produced. The coce requirerents (FSAR commitments) were met,'

but this indicated that TVA did not follow its own procedures.

The most significant recomendation made by the Bechtel avoitors is that TVA,
wherever possible, should centralize the quality assurance program to one level
of authority for unifomity and consistency.
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| The staff found that the ApTECH Engineering review of preservice and inservice i

j inspection results did not appear germane to the enployee concerns. Because of !
'

the attributes visually inspected and because the operating stresses were soa
small con: pared with the seismically induced stresses or stresses induced oy [

;

] postulated design events, the staff docs not attach any significance to the i-

study except to indicate that defects and deficiencies great enough to have t

resulted in failure during normal plant operation probably do not exist. !
,

;
.

} The Bechtel audit of records was perfomed in Phase II af ter TVA had reviewed ;

i its records. TVA's review and resolutions of discrepancies are reported in the r

| Welding Project Generic Employee Concern Evaluation Repo ts WP-03-SQN, !

i WP-06-SQN, and WP-07-SQN. Because of this sequence of review, it is |
understandable that the Bechtel audit dio not find any ch crepancies of !t

j significance. ;

! TVA Weldine Reinspection
r

The Sequoyah Welding Reinspection Plan specified, among other elements, a i4

reinspection of (1) 333 piping welds in 7 systen.s. (2) 15 welds in spiral ;

I welded duct, and (3) 403 joints (1394 welds) in 50 structures. ;

I !
1 This reinspection scope was purposely skewed towards areas where less stringent !

. criteria were specified and, thus, fewer QC checks were required and applied !

i during construction. The reasoning behind this approach was that, if thcre :

! were welding problems, these are the areas where the problenis would most likely |

be reflected in the plant hardware. The results of the TVA reinspection effort i4

i are surrnarized below. i

1

(1) pipe Welds

Table 3.1 presentr, the results of TVA's reinspection of pipir.g welds. In terms 3

j of corponents, the rejectien rate is about 55 percent (184/333). In terms of
i deficient weld attributes contained per weld, the rate of deficient welds is

about 4 percent (184/4566), Cbvicusly, both numbers are misleading in that the |'

first number tends to magnify the sevch ty of the problems, particularly when 1

one corsiders that 104 out of 164 are in the arc strf ke/ spatter chtegory. The ;

weld spatter /are strike indications are suparficial indications and should have
}

been reportable, but they should nct be a cause for rejection. The superficial i
!

1 are strikes and spatters chould have baen recoved by light grinding, as
i required by TVA's internal procedures. The second number (4 percent rejection

rate) is also misleadirg; it tends to obfuscate the fact that these indications
,

1 are generally indicative of poor quality and should have been detected ano
j properly addressed during construction.

.

'
;
1 Cracking is an i.mportant ettribute for inspection and no crae'ts were found. |
| Five velds required additional surface rework to remove NDE surface indica-

'

tions. Grinding encroached upon the ranufacturer's minimum wall thickness in'

one of those five welds; howevert the remaining wall thickness was more than
twice the design wall thickness. It should be noted thut the paint removing

<

j techniques useo (rotary wire brushes and flepper wheels) also changed the
original inspection surface and presented an altereo surface for reinspection.i

} These slightly altered surfaces will provide different reinspection results,
j
i
;

l
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| Discrepancies other than those related to size, shape, location, undercut, and
contour / transition that were discovered by visual examination were accepted4

j based on NDE results, that is, by magnetic particle or liquid penetrant |
testing. The engineering evaluations showed that all of the visually detected j

"

indications for all attributes were acceptable; 1.e., they met the applicable
design stress limits. {

,

;
.

! The reinspection results for piping welds are shown in Table 3.1. Table 3.2 is !
a rearrangea,ent of the sarre data in Table 3.1, which was provided by TVA in its i

'

August 1,1906(b) response to a staff request for additional infomation. The j
table shcws that most of the welds reinspected were made by the Office of j
Construction (00), and that the reportabla indication rate was significantly r

higher for OC-made welds. !
!4

; (2) Structural Welas i
1 i
i The reinspection results of structural welds are sumari:cd in Table 3.3. ;

: Table 3.4 is a recompilation of the same data in Table 3.3, as provided in :

TVA's August 1,1986(b) response to a staff request for additional infomation.
t|

.

i The rejection rate on the basis of deficiencies per inch of weld is about 16 |
4 percent (1194/7369), even though the components containing these deficiencies !
j are suitable for service by engineering calculations. The rejection rate on ;

the component basis is about 15 percent (211/1394). On deficient attributes ;
;j .

| Table 3.1 Piping weld reinspection results t

I !

ho, of Welds No. of Welds Percent of Welds :'

|
Attribute Reinspected Accepted / Rejected Accepted / Rejected j

e

Contour / Transition 333 317 16 95.2 4.8 |g

) Offset / Alignment 333 331 2 99.4 0.6 |
4 i

i Undercut 333 331 2 99.4 0.6

{Reinforcement 333 326 7 97.9 2.1

I Weld spatter / h
| Arc strike 333 229 104 68.8 31.2 !

i
Weld Location 333 333 0 100.0 0.0 ;

i

j Weld Size 333 320 13 96.1 3.9 j
. t

| Weld Petal / !

Base Metal 333 333 0 100.0 0.0 I

i i

i Weld convexity 333 333 0 100.0 0.0

Incomplete Fusion 333 328 5 98.5 1.5 |

}
Weld Overlap 333 325 8 97.6 2.4 |

i
'

;
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Underfilled 333 321 12 S6.4 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 (0C) 204 78 0
Nuclear Operations (NO) 34 6 0

Butt Welds
0C 68 46 0
N0 22 6 0

Attachment to Pipe Wall
OC 5 3 0
NO O 0 0

Total Welds
CC 277 127 0
N0 56 1? 0

Table 3.3 Structural welds reinspection results

Inches of Weld Weld Attribute (Inches) Percent
Attributes Examined Acceptable / Rejectable Acceptable / Rejectable

Size 7369 6604 755 89.62 10.38

Incomplete Fusion 7369 7351 18 99.76 0.24

Overlap 7369 7366 3 99.96 0.04

Craters 7369 7362 7 99.91 0.09

Profile 7369 6999 370 94.98 5.02

Undercut 7369 7338 31 99.58 0.42

Correct Filler
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 Reinspected Indications Design Requirements

Fillet Welds
Office of Const. 1080 160 0

Nuclear Ops. 148 21 0

Butt Welds
Office of Const. 50 4 0
Nuclear Ops. 0 0 0

Other (specify) - Flare
Office of Const. 92 24 0
Nuclear Ops. 24 2 0

Totals: 1394 211 0

* Weld joints were evaluated, not individual weld segments,

per linear 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,

ho 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, tie engineering evaluations demonstrated
that, as constructed, none of the structural 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 Sequoyab site. The rejection rates cited in TVA's letter of August 1,
1986(b), illustrate a 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, no weld repairs are required to meet Code requirements.

Employee Concerns

The NCR staff categorized all of the concerns related to welding to identify
the issues that may affect the quality of welds at Sequoyah. The first five
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categories represent elements that the staff believes to be essential for a
successful welding program. The categories are listed below.

(1) welding procedures
(2) welder qualification / training
(3 welding inspection and inspector training /aualification
(4 weld design and configuration

5 filler material control
6 miscellaneous /one of a 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 programatic 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' programatic reviews and by
its sample reinspections of plant hardware, and by independent inspections
conducted by the NRC. The NRC then evduated this information against either
TVA's licensing commitments or industry standards in each of the above six
essential elements of an effectively implemented welding program.

There are 41 final element reports of employee concerns primarily involving
welding. The staff grouped these reports into five essential element cate-
gories that the staff believes are necessary for a welding program and a sixth
category, miscellaneous /one of a kind, was created for those concerns which did
not fit easily into any of the five essential categories. Each of these
essential categories were addressed separately. Of the 145 employee concerns
involving welding (specific and generic) applicable to Sequoyah, all except one
are addressed in one of these six SERs. The exception, potentially generic
concern 2850162005, discussed in TVA's Final Element Report WP-25-SQN, "Effect
of Weld Repairs Not Meeting ASME Code," is addressed by the staff in another
SER. The conclusions of the staff's SERs are sumarized below; these SERs will
be discussed in cetail in Volume 2, Part 2 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 procedure that was not referenced on a particular drawing. The
staff team inspections did not find any problems in this area.

For the second element regarding Welder Qualification / Training, there are 27
employee concerns. Most had to do with irregularities in the dating of welder
certifications. A welder is required to renew his/her qualification every 90
days, and this may be done by the welder's use of the welding process certiied
by his/her employer. The time between taking the test and the handling of a |
welder's paperwork and actual signing by the responsible authority often gives I

the appearance of the 90-day requirement being violated, and that backdating or i
'

updating occurred. In instances where it 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 done any welding on
the job and maintained his qualification by falsification for lengthy periods.
However, its safety significance would be rather minimal as long as the
individuals in question did not make actual production welds; and there is no i

evidence, nor employee concerns, to indicate that this was practiced at the |

Sequoyah site. In addition, the welds would 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 electrode manipulative skill by the welders were
usually rejected by the original 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 workman-
ship significant 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 engineering evaluation was performed and the systems
or structures were demonstrated to meet applicable code requirements. However,
these types of defects / flaws should have been found and disposed of during
construction by the QC inspectors under an effectively implemented QA program.
The overall quality of welds showed that the welders at the Sequoyah site had
the capability to make sound welds and, by definition, were qualified. The ,

impact on the produced plant hardware by welders updating / backdating qualifi-
cation records was found to be insignificant. |

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

The third element regarding welding inspection and inspector training /qualifi- !
caticn had the largest number of employee concerns (45). The results of the

'

reinspections and audits indicate that the welding inspectors performed their
duties in a generally acceptable manner, although they may not have been fully j

qualified to perform visual inspections. The adherence to code requirements
for addressing weld discrepancies should have been more stringently applied.
The high rejection rates revealed by the reinspections of welds that were
accepted by the origir.al TVA inspections demonstrate that TVA had not performed i

the original acceptance inspections in accordance with their licensing comit-
ments. As no repairs are necessary to meet the code requirements that TVA had
comitted 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
design for piping. These concerns are adequately addressed for the Sequoyah ,

plant because of the special care and drawing changes for these installations. L

The other two concerns were individually investigated by TVA and the responses r

are adequate for closecut. Accordingly, the staff does not believe there arei ,

major problems under this element. ;

The fifth element regarding the filler material control had 29 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 baking to remove moisture. However, the reinspections should
have detected some cracking in weldments if this was a pervasive, corrrr.on
occurrence. The employee concerns regarding the poor quality electrodes were
investigated by TVA and the responses are reasonable. The two instances of
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incorrect electrodes being used were investigated by TVA and the responses are
acequate. The results of the reinspections and audits found no signs of
inadequate filler material control. Even if there were deficiencies in the
filler material control, they did not appear to have impacted the produced
hardware.

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-
cation 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 27 employee concerns were
not applicable to Sequoyah. The remaining employee concerns had issues per-
taining to unpainted welds, inadequate welding machines, and that the results
of the TVA Internal Report QAE-80-2, "Review and Evaluation of the OEDC Welding
and NDE Program," were not applied to the Sequoyah site. The uncoated welds
are being addressed by TVA under a corrective action report. Although the
welding machines might not have all features and aids a welder would like, the
machines were adequate to perform the weld when used by a qualified welder.
The QAE-80-2 Report was completed after the construction of the Sequoyah plant
was completed and, therefore, is not really pertinent.

NRC Team Inspections

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

These team inspections have been conducted in accordance with established
procedures and with predetermined areas for inspection. The second team
inspection, conducted February 18 through 28, 1986, also included independent
examinaticns by the NRC Region I NDE Van, of welds randomly selected by the NRC
inspectors. Listed below are the surrmary results of the NRC inspections.

(1) Inspection Report 50-327/328 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 wcs based on i
engineering judgment and the availability of records.

The Bechtel audit determined only if the records were present and correct; it I

did not address the technical suitability of the documents which were audited. |
|

This inspection report also summarizes the staff's r= view 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 |
i
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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 Units 1 and 2*

'

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

'

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

(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 TVA reinspection results were

,

accurate.

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

This inspection report sumarizes the NRC team inspections conducted during
June 2-6, June 16-20, and July 7-11, 1986, at the Sequoyah site. The NRC
welding team reviewed eight followup items that had been identified during
previous NRC inspections; the team was able to close seven of those items. The
licensee resolved the remaining open item and it was reported as closed in .

Inspection Reports 50-327/328 86-59 and 50-327/328 87-21. |

The NRC staff found the hardware and documentation for the inspected welding
activities were generally in accordance with requirements and licensee
comi tments. The staff noted a number of weld discrepancies, most of which had ;

been identified and evaluated as a result of the TVA reinspection effort. Thus i

'the staff concluded that the current TVA welding project reassessment program
was effective in identifyino weld deficiencies. However, the staff did
identify a number of irregularities, which in trost cases related to the
accuracy of weld documentation. These irregularities are sumarized 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
team could not clearly identify which supports required Quality Level 1
inspection 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 completed support.

A number of welds were found to deviate from the requirements of the*

applicable design drawings. For instance, the drawing required a
full-penetration weld while the hardware was installed using a flare bevel
weld.

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

Expert Consultant Team Evaluation

The NRC staff was assisted by the Brookhaven National Laboratory (Bhl) in con-
ducting this review and evaluation. The Technical Evaluation Report (TER)
provided by BNL is incorporated as part of this evaluation (Appendix D).
The TER evaluates specific employee concerns in more detail and is incorporated
as part of this staff safety evaluation. The principal finding of the Exper*.
Consultant Team is that, although there were discrepancies, these discrepancies
were not significant 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 welding late
in 1987. However, no new issues were identified that would requite resolution
before restart.

3.5.3 Conclusiens

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 generally 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 perforrred during construction. In addition, discrepancies between
the design drawings and the actual hardware installed were identified.
Notwithstanding these findings, the fact that no welds required repair to
meet design code requirements indicates an overall effective implementa-
tion of the QA/QC progran in the area of welding.

(2) The effectiveness of TVA's process for QC inspector training and
qualification / 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/QC
program for welding activities, including some that were of a progrannatic
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nature, the staff finds that these deficiencies have not significantly
affected the suitability for service of plant hardware.

(4) With the exception of QC inspectors' training and qualification /certif-
ication, the staff finds that other essential elements (i.e., welding
procedures, welder qualification and training, weld design 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 a''aquately and that TVA has demonstrated that the hardware as
constructed is su'. table for service, that is, the design load limits for welded
connections have been met. The staff further concludes that restart of both
Sequoyah units will not endanger the public health and safety.

For an overall improvement of the welding program at Sequoyah, the staff
endorses the following TVA proposed changes in its internal control documents
contained in the SNPP:

(1) Combining the requirements of General Construction Document G-29 and
Process Specification N73M2 into a single document.

(2) Replacing the general construction specifications for each unit with '

specific specifications.

(3) Maintaining 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 III 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 dated January 30, 1987, TVA comitted to an augmented and acceler-
ated inservice inspection as recommended by NRC staff. The inspection program
will include the elements listed below.

(1) A 100-percent examination of the ASME Class 1 and 2 piping field welds
will be crepleted in the first 10-year in-service interval. Those welds
that remain to be examined will be scheduled for examination in the next

'two consecutive refueling outages following the submittal of the revised
plan and the restart of any unit.

(2) 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

!
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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 nade in the field on the reactor vessel,
steam generator, pressurizer, and reactor 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 following the submittal of
the revised program and the restart of any unit.

(4) Where possible, the percentage of welds examined during the program will
be maintained as required by the code in the Tables IWB-2412-1 and
IWC-2412-1 (Inspection Program B). Note that the required percentages may
not be met for all categories of specific systems, or item nunbers,
because certain systems contain a large number of socket welds that are
field welds and the majority of pipe support welds are also field welds.
Where conflicts arise with the percentage requirenents, the revised
augmented / accelerated program will identify specific requirements for
relief.

Credit for program examination will be taken for all examinations performed and
oc additional Class 1 and 2 field welds will have to be re-examined in the
remaining time of the first 10-year interval, with the exception of the Code
required additional examinations resulting from unacceptable indications in the
initial or required successive ex;minations. Future 10-year interval examina-
tions will fnllow their original schedule and will not be required to meet the
accelerated progran.

Because the first refueling outage is scheduled to occur approximatei.y 4 to 6
months af ter restart of Unit 2, the short duration of the operating time may
not provide the needed tine for the increased planning and scheduling, staffing
and craf t support required to perfom the increased inspections of items 1, 2,
and '3 above. In this case, the implementation of any accelerated program
would be deferred to the second and third outages following restart of Unit 2.
Scheduling parts of the actual inservice inspection for Unit 2 for the second
and third refueling outage after restart rather than the first and second
,efueling outage after restart is acceptable to staff.*

Further, the staff recommends that TVA consider the following:

(1) using industry-generated standards where possible, particularly using
American Welding Society (AWS) standards for certifying the AWS scope
weld inspectors

(2) amending relevant FSAR sections to reflect changes in commitments and to
formalize the intent as stated above

(3) training personnel in the application of the standards adopted
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3.6 Containment Isolation

3.6.1 Containment Isolation System Design

3.6.1.1 Introduc' ion

General Design Criteria (GDC) 54 through 57 of Appendix A to 10 CFR 50 contain
NRC design requirements for isolation of piping systems penetrating
containment. In particular, GDC 54 contains general provisions for leak
detection, redundancy, and reliability. GDC 55 requires each line that is part
of the reactor coolant pressure boundary (RCPB) and that penetrates the
containment to have isolation valves as listed below, unless it can be
demonstrated that the provisions for a specific class of lines are acceptable
on some other defined basis.

(1) one locked closed valve inside and one locked closed valve outside

(2) one automatic valve inside and one locked closed valve outside

(3) one locked closed valve inside and one automatic valve outside

(4) one automatic valve inside and one automatic valve outside

A simple check valve may not be used as the automatic valve outside contain-
ment. GDC 56 contains similar provisions for lines that connect directly to
containment atmosphere and that penetrate containment. GDC 57 addresses
systems that penetrate containment but that do not communicate with either the
RCPB or containment atmosphere and requires at least one valve (not a simple *

check valve).

The rationale for allowing a demonstration of acceptability on "some other
defined basis" (i.e., a deviation from the explicit requirements of the GDC) is
that in certain instances (e.g., lines in essential systems that are required
to operate following an accident) compliance with the explicit requirements of
the GDC would be detrimental to safety.

Isolation designs which are adequate on "some other defined basis" are
described in the Standard Review Plan (SRP) Section 6.2.4, "Containment
Isolation System," and American Nuclear Standards Institute (ANSI) Standard
N271-1976, "Containment Isolation Provisions for Fluid Systems." For
containment spray line penetrations, as well as for other essential systems,
the SRP and the ANSI standard identify the use of remote manual valves in lieu
of automatic valves as acceptable. TVA, on the other hand, has traditionally
relied on the closed system outside containment rather than identify an out-
board remote ranual valve as an isolation valve.

This was considered by TVA to be an acceptable isolation design on another !
defined basis. The staff SER for the SQN license, NUREG-0011, Section 6.2.4, I

issued March 1979, concluded that the design of the containment isolation |
system was acceptable, but did not specifically address the acceptability of |
"other defined basis" for any containment isolation figure. The present staff '

position, particularly following development of the TMI Action Plan, is that a
closed system outside containment is not gererally acceptable as an isolation
barrier for lines covered by GDC 55 or 56.
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The staff identified apparent discrepancies in system compliance with contain-
ment isolation requirements during an inspection conducted at Sequoyah on
March 3-14, 1986. Specifically, Inspection Report 50-327/328 86-20 documents
five containment penetrations of the chemical and volume control system (CVCS)
that did not appear to meet 10 CFR 50, Appendix A GDC for containment isola-
tion. The penetrations cited in the inspection report are penetration X-16,
the normal charging supply, and penetrations X-43A, -43B, -43C, and -43D, the
four reactor coolant pump seal injection lines.

The staff requested TVA to provide its position on the design bases for the
isolation system, as well as a complete description of the isolation provisions
for all penetrations that do not meet the explicit requirements * of GDC 55, 56,
and 57. TVA by letter dated May 30, 1986, provided a complete evaluation of
containment penetration isolation provisions against the licensing requirements
of GDC 55, 56, and 57. On the basis of this information, the staff concluded
that, in addition to the five CVCS penetrations, there were numerous
penetrations whose isolation provisions as described in the FSAR were in non-
compliance with the explicit requirements of the applicable GDC.

TVA ano the staff discussed the particular isolation capabilities for the five
CVCS penetraticns, the designated isolation design and the isolation capability
for numerous essential system lines, and the isolation design logic in general.
The staff advised TVA that while the designated isolation design for a number
of penetrations in essential systems was unacceptable, adequate isolation
capability existed in the form of existing remote manual valves that had not
been identified as isolation valves. Therefore, in most instances involving
isolation of essential systems, the isolation design could be made acceptable
per the GDC by designating certain available valves and subjecting them to the
operability, surveillance, and testing requirements appropriate for isolation
valves. As part of these discussions with the staff, TVA agreed to re-evaluate
the isolation capability for all penetrations, identify and cescribe those
penetrations whose isolaticn provisions complied with the explicit criteria of
the GDC, and identify and describe those penetrations that satisfy the GDC on
"some other defined basis." Furthermore, TVA agreed, where applicable, to
designate certain availoble valves as contatament isolation valves, subject to
appropriate operability, surveillance, and testing requirements, to comply with
the GDC.

By letter dated September 24, 1986, TVA provided information reflecting agree-
nents reached between TVA and the NRC on August 13, 1986, and in particular,
discussion of the original design provisions, responses to ARC questions, and
re-evaluation of the isolation provisions for the five CVCS penetrations and
for additional specific penetrations identified by the staff. During the
course of reviewing this submittal, the staff identified a number of items
requiring additional information or clarification. By letter dated January 2,
1987, TVA provided addiH onal information clarifying several issues, including

*"Explicit requirements" refer to the specific containment isolation valve
arrangeTents listed in the GDC without need for a demonstration of accept-

| ability on "some other defined basis" as allnwed by GDC 55 and 56.
(1) evaluation of the isolation system regarding design criteria specifications
for seismic Category 1, Quality Group 8, and protection from missiles and pipe
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whip; (2) administrative controls over certain local manual valves; (3)
position indication for motor- or air-operated isolation valves; and (4) leak
detection capability to allow the operator to identify cnd isolate essential
systems that have become leak paths. These items are discussed later in this
section.

Additionally, during the process of reviewing the Sequoyah containment isola-
tion system decign, the staff determined that, although in most instances the
system met the GDC or could be acceptably modified by designating additional
existing valves as containment isolation valves to satisfy the GDC, there were
eight penetrations whose isolation provisions, even after modification by
designation of additional existing isolation valves, would not satisfy the GDC.
More significant design modifications would be necessary to bring the isolation
design for the subject penetrations into compliance with the appropriate GDC.
The eight penetrations involve the four reactor coolant pump seal injection
lines, the reactor heat removal (RHR) discharge line, and the three containment
vacuum relief lines. In response to the staff determination, TVA accordingly
submitted, by letters dated January 23 and February 3,1987, requests for
exemption to the requirements of 10 CFR 50 GDC 55 and 56 for the penetrations
in question. Supplemental information to these requests was submitted by TVA
on April 8, 1987.

In the evaluation below, the staff discusses each penetration not meeting the j
explicit GDC requirements as identified by TVA in Table 2.2 of its submittal of
January 2, 1987.

3.6.1.2 Evaluation

Reactor Coolant Pump Seal Injection Lines (Penetrations X-43A through X-43D)

The containment isolation for these lines provided a check valve inside con-
tainment and a closed system outside containment. GDC 55, which applies to
penetrations that serve as part of the RCPB, is the applicable criterion for
these penetrations. GDC 55 requires either automatic or locked closed isola-
tien valves, one inside and one outside containment. Howes :r, as discussed
earlier, the GCC allow for a demonstration of acceptability on "some other
defined basis," principelly in order to avoid situations in which corcpliance
with the GDC is counterproductive to overall safety. For certain transients
and accidents, it is desirable that the reactor coolant pump seal injection
lines remain in service to protect the reactor coolant pump seals; thus these
lines are not automatically isolated or locked closed.

It is acceptable and connon practice, therefore, to satisfy the requirements of
GDC 55 on "some other definea basis" for the reactor coolant pump seal
injection lines oy providing a remote manual containment isolation valve
outside containment, in addition to a check valve inside containment. However,
the Sequoyah design is of an early vintage and remote manual valves are not
installed in those lines. Since the staff indicated that the originally
designated isolation design for these penetrations did not satisfy GDC 55
explicitly and was not acceptable on "some other defined basis " TVA
re-evaluated the options for improving the isolation design. As a result of
its evaluation, TVA selected the local manual globe valves in the seal injec-
tion line header as the outboard containment isolation valves. After an
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accident, the globe valve at the seal water filter outlet is accessible from
the standpoint of dose assessment.

As a related issue, the staff requesteo TVA to address the matter of leak
detection for the seal injection lines because local manual isolation imposes
an additional burden in post-accident nanagenent. The reactor coolant pump
ser.1 injection flow is provided by the centrifugal charging purrps. A leak in
either pump room can be associated with the pump involved and action taken to
isolate the affected equipment. From the pump room the seal injection line is
generally routed through comon pipe chases. However,. the leak detection
system ddes not provide detection for the lines running through a comon pipe
chase. Leak detection for the seal injection lines basically consists of flood
detection, which provides non-specific indication of leakage from a variety of
sources. Isolation of leaks will be accompl4hed by arbitrarily selecting and
isolating subsystems and evaluating the response cf the flood detector system.
In the event a leak in the seal injection filter valve packing shocid occur,
drains in the cubicles carry spillage to the tritiated drain collectcr tank.
The drains are sized to hccomodate a maximum leak rate of 50 gpm, correspond-
ing to the ieak rate estimated for failure of a reactor heat removal (RHR) pump
shaft seal. Valve packing leaks should be substantially smaller; therefore,
the drains would accommodate valve packing leakage, thus allowing access to the
cubicles housing the seal injection line filter valves.

By designating the local manual glebe valves in the seal injection line header
as containment isolation valves, TVA has provided a design that satisfies the
redundancy requirements of bDC 55 in that an inboard and outboard valve are
included. However, reliance on the local manual valve does not satisfy the
valve actuation requirements of GDC 55, nor does it meet the criteria (as ,

outlined in the SRP Section 6.2.4 or ANS Standard N271-1976) to satisfy the GDC
on some "other defined basis." The use of local manual valves in lieu of
power-operated valves with remwe manual action is a degradation of design
criteria that, in this instance, precludes compliance with the GDC.

After being apprised of the staff position on this matter, TVA requested an
exemption from the requirements of GDC 55 for the four reactor coolant pump
seal injection lines. TVA has noted that in addition to the inboard check
valves and the outboard local manual valves, there are other isclation barriers
that provide additional protection against leakage to the environs from these
penetrations. First, each of the seal injection lines has another check valve
inside containment, albeit located inside the missile barrier and therefore not
considered missile protected. Secondly, the system outside containment is a
closed system designed to seismic Category 1 standards and meets at least
Safety Class 2 design requirements. Furthermore, these lines are normally in
service under normal, transient, and accident conditions, with at least one
centrifugal charging pump providing a water seal at a pressure sufficient to
preclude containment atmosphere leakage. The piping is leak tested by visual
inspection relative to NUREG-0737, Position IILD.1.1, and is included in the
ASME Section XI inservice pressure test program.

The staff concluded that the proposed containment isolation provisions for the
seal water injection lines, with the newly designated containment isolation '

valves, are adequate and that an exemption from the requirements of GDC 55 with
respect to valve type could be granted for those reactor coolant pump seal
injection lines. The exemption was issued on December 4, 1987.
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Charging (Penetration X-16) |

TVA stated in the FSAR that the containment isolation design for this line
consisted of a check valve inside containment and a closed, seismically qual-
ified., safety class system outside containment. The use of a check valve
inside containment and a closed system outside containment is not acceptable
for meeting staff guidelines with respect to the requirements of GDC 55.
Therefore, the staff requested TVA to identify an dutboard containment isola-
tion valve. TVA identified the available outboard automatic isolation valve
closest to the containment as the outboard containnent isolation barrier. This
valve automatically closes on a safety injection signal and was provided in the
original design. Its new designation as a containaent isclation valve, subject

.

to appropriate operability, surveillance, and testing requirements, renders the
isolation design for this peretration acceptable and in compliance with the
explicit requirer.ents of GDC 55.

Emergency Core Cooling System (ECCSi Injection Lines (Penetrations X-20A,
-20B, -21, -22, -32, -33, -108, 109)

The containment isolation provisions for the ECCS injection lines as described
in the FSAR, consist of a check valve inside containment and a closed, seis-
mically qualified, safety class system outside containment. In accordance with
the staff's request, TVA has identified (submittal of January 2,1987) addi-
tional outboard remote manual valves for these penetrations and has designated
those valves as containment isolation valves, subject to the operability,
surveillance, and testing requirements associated with containment isolation
valves. These newly designated containment isolation valves were provided in .

'

the original dasign but were not identified as containment isolation valves.
The use of remote manual valves, in lieu of automatic valves, in conjunction
with a closed system is acceptable for meeting the requirements of GDC 55 on
another definea basis, for essential safety systems which are f.itended to
operate following an accident.

,

RhR Discharge (Penetration X-17)

The containment isolation provisions for the RHR discharge line (penetration
X-17), as described in the FSAR, are identical to that for other ECCS lines
(i.e., it utilizes a check valve inside containment and a closed system outside
containment). However, when the staff requested TVA to identify an outboard
isolation valve. TVA responded that there was no suitable outboard remote
manual isolation valve because the Sequoyah design called for the motor-
operated (remote manual for containment isolation) valve for this system to be
located inside containment upstrean of the check valve. Thus TVA has proposed
to designate the inboard remote manual valve as a containment isolation valve,
subject to appropriate operability, surveillance and testing requirements.
This will s6tisfy the redundancy requirerrents of GDC 55. While the proposed
designation of the additional motor-operated valve as a containment isolation
valve is acceptable and necessary, tnis modification to the design does not
bring the isolaticn design into compliance with the requirements of GDC 55
concerning valve location.

TVA has designated the remote manual valve in the RHR discharge line to the
loop 1 and 3 hot legs as a containment isolation valve. This line has multiple
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isolation provisions: a remote manual valve and two missile-protected check
valves inside containment and a closed system outside containment.

The staff concluded that the containment isolation provisions for the RHR
discharge line are acceptable. The exemption for valve location was issued on
December 14,1987(a). |

Relief Valve Discharge (Penetration X-24) t

!

!The containment isolation provisions for the relief valve discharge line (dis-
charging to the pressurizer relief tank), as described in the FSAR, consist of ,

a check valve inside containment and a closed system outside containment. :
Again, TVA evaluated the system configuration to identify a second isolation i

valve and concluded it was appropriate to identify the three parallel relief
valves outside containment as the outer isolation barrier. The staff found it :

acceptable to use relief valves outside containment as isolation valves in this !

instance because containment pressure is applied opposite to the direction the !

valves relieve and acts as a closing force on the valve. Therefore, the staff i
concluded that the designation of the outboard relief valves as isolation i
valves, in conjunction with the closed system outside containment, renders the
isolation design acceptable for meeting the requirements of GDC 55 on another ;

defined basis.
!Component Coolina Water Supply and Return to Excess Letdown Heat Exchanger

(Penetrations X-035 and X-053 ,

!

These lines are subject to the requirements of GDC 57, and isolation is !

provided by a closed system inside containment and an automatic valve outside |
containment. A relief valve is provided on the system inside containn;ent.

s

Since the containment pressure would act in the direction opposite to that in '

which the valve relieves, the staff found this acceptable. [
'Chemical and Volume Control System Letdown (Penetration X-015)

The CVCS letdown treets the requirements of GDC 55 with automatic isolation |
'

valves inside and outside containment. One of the inboard valves is a pressure
relief valve, which relieves to the pressurizer relief tank inside containment. '

However, because containment pressure would act opposite the direction that the
valve relieves, thereby acting as a closing force, the staff considered this
configuration acceptable. !

Residual Heat Removal Suction (Penetration X-107) i

The suction line from the loop hot leg to the RHR pumps is isolated by two ;

motor-operated valves in series, which are closed with power removed while the
plant is at power. The valves are interlocked to prevent opening when the
reactor coolant system (RCS) is at high pressure. Both valves are located
inside containment. The staff considered this configuration acceptable on
another defined basis in accordance with ANSI Standard N271-1976.

The relief valve inside containment that discharges to the pressurizer relief
tank inside containment is also acceptable per the ANSI standard.
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Containment Spray and RHR Spray Lines (Penetrations X-48A, B, X-49A, B)

TVA has indicated in the FSAR that the isolation design corsists of a check
valve inside containment and a qualified, closed system outside containment.
GDC 56 is the applicable criterion for these penetrations because these lines
connunicate with the containment atmosphere. Since certain penetrations,
including the containment spray and RHR spray, are pcrt of systems required to
operate following an accident, it is imprudent to follow the explicit require-
ments of GDC 56 and automatically isolate or lock closed the isolation valves.
In those instances where post-accident operation is required, remote manual
valves are acceptable for meeting the GDC as described by SRP Section 6.2.4 and
the ANSI standard. For the containment spray and RHR spray line penetrations,
TVA has identified additional outboard valves that have remote manual closure
capability as containment isolation valves. The designation of those valves as
containment isolation valves brings the isolation design for these penetrations
into compliance with the staff guidelines for meeting GDC 56 contained in the
SRP.

Vacuum Relief Lines (Penetrations X-111,112,113)

TVA states in its FSAR that the containment isolation design for the vacuum
relief penetrations consists of a single automatic isolation valve located
cutside containment. However, the FSAR also identifies spring-loaded vacuum
relief (check) valves in series with the containment isolation valves. By its
letter of January 2,1987, TVA has identified redundant isolation valves for
these penetrations, including the air-operated automatic isolation valve and
the spring-loaded check valve, both located outside containment. Thus, while
TVA has provided a design that complies with the requirements of GDC 56 in
terms of t. e number of valves, the staff found that there is a deviation from
the explicit GDC requiremer,ts with regard to valve location. TVA, therefore, I

requested an exemption from the requirements of GDC 56 for the isolation
provisions on the containment vacuum relief lines. Specifically, an exemption
is required from the requirements of GDC 56 regarding valve location: the
isolation design satisfies the redundancy and valve actuation requirem.ents. I

With regard to the adequacy of isolation, the staff concluded that with both
the spring-loaded check valves and the automatic butterfly valves cited as con-
tainment isolation valves, the design is adequate for assuring containment iso-
laticn. Another consideration is the fact that the first outer isolation
valve, the automatic butterfly valve, is bolted directly to the containment |

penetration sleeve. The penetration sleeve between primary containment and the
butterfly valve has been evaluated by TVA to demonstrate that stresses in the
penetration sleeves are well below allowable values in accordance with Branch
Technical Position MEB 3-1. Therefore, the staff found that an exemption to
the requirements of GCC 56 in the case of the containment vacuum relief lines
was justified. An exemption for valve location was issued on December 14,
1987(b).

Another related issue for the containment vacuum relief line isolation design
that was considered by the staff in this re-evaluation was the failed position
of the isolation valves, specifically the butterfly valves.

The butterfly valves in the vacuum relief lines are normally open valves that
are designed to fail-open. This design feature was chosen because the
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valve-open position has been evaluated as providing for the greatest safety for
the plant. In the event of an inadvertent actuation of containment sprays or
air return fan operation, a failure of the vacuum relief system to perform its
intended task could result in the collapse of the containaent. Since the
valves are normally open, each of the three butterfly valves in the vacuum
relief systen is provided with two soler.oid actuators powered from redundant
air supplies. Thus, a single failure will not prevent closure of the valve, if
needed, except if a mechanical failure occurred in the batterfly valve itself.
Both the butterfly valve and the check valve hava positiori indication in the
main control room. The staff concludes that for Sequoyah, due in part to its
low capability to sustain reverse differential pressures, the fail-open
position of the butterfly isolatior valves is acceptable.

Blind Flanges (Penetrations X-003, -0400, -054, -079A, -079B, -088, -117, -118)

The containment isolation design for the hydrogen purge line penetration con-
sists of a blind flange equipped with double 0-ring seals. The flange is
located outside containment in the auxiliary building. The staff originally

expressed concern over this design because it significantly deviates from the
requirements of GDC 56. TVA retponded that there was no intent to use this
penetration following an accident; post-accident hydrogen control is accom-
plished by redundant safety-grade recombiners or, in the case of degraded core
accidents, by the hydrogen igniter system. Therefore, this penetration is
inactive and is prevented by technical specifications from being opened except
during cold shutdown or refueling modes of operation. Under these circum-
stances, the staff concludes that the isolation design is acceptable.

Several other penetrations also are equipped with blind flanges, including
those for shutdown maintenance access, ice blowing and layup water treatment.
These penetrations are only used in Modes 5 and 6; therefore, the staff finds
this acceptable.

Spare Penetrations (X-008, -018, -028, -031, -036, -037, -038, -039C, -039D
-040C, -055, -084B, 064C, -084D -085C, 085D, 086D, 087A, -087C, -089, -096A
-0968, 105, -1168, -116C, -116D, -119, -120, -125E, -130E,-135E)

Spare penetrations are seal-welded and thus are part of the passive barrier of
the containment structure itself. The staff finds this acceptable.

Equipment Hatch (Penetration X-001)

The hatch is novided with a double 0-ring seal as its isolation barrier. The
staff finds t11s acceptable.

Personnel Airlocks (Penetrations X-002A, 0028)

The two airlock doors each have double resilient seals and a mechanical inter-
lock to prevent both doors from being opened at the same time. The staff finds
that this design provides acceptable isolation for airlocks.

Main Steam (Penetrations X-013A, B, C, D)

The main steam system piping is subject to the requiren,ents of GDC 57. The
safety relief valves fom part of the outside containment barrier. The set
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point for the valves is greater than 1.5 times the post-accident containment
pressure; therefore, the staff finds these valves are acceptable as isolation
valves in accordance with SRP Section 6.2.4.

Sy p Supply to ECCS (Penetrations X-109A, 0198)

For the lines from the sump to the RHR pumps, a single remote-manual valve
(outside containment) and a closed system outside containment provide the
isolation barriers. This system has an essential post-accident function and
its reliability could be adversely affected by the presence of additional or
automatic isolation valves. In accordance with SRP 6.2.4, the staff finds this
configuration is acceptable on another defined basis for conformance with
GDC 56.

Hydrocen Analyzer (Penetrations X-092A, B, -099, X-100)

TVA has modified the hydrogen analyzer penetrations to provide fail-closed
solenoid-operated valves inside containment and solenoid-operated valves out-
side containment. This satisfies the requirements of GDC 56, and is therefore
acceptable. ,

Delta P Sensor (Penetrations X-0258, -026A, -027A, -27B, 858) j

These sensor lines provide containment pressure inputs to instrumentation.
They are missile-protected and designed for accident conditions. Isolation is
provided by redundant bellows. Considering the safety function of these lines,
the staff finds the isolation provisions are acceptable on another defined '

basis in accordance with ANSI N271-1976. .

Reactor Vessel Water Level Instrumentation (Penetrations X-0?5C, -26C, -27D,
-86A, -86B,-86C ;

These sensing lines provide indication of reactor vessel water level and are
required to function after an accident. The lines are armored, filled with
water and sealed. No valves are provided since they could interfere with |

performance of the system. The sensor inside containment is sealed, and out-
siae containment, a bellows device provides isolation. The staff considers the
isolation configuration acceptable for these lines based on the guidance of the
ANSI standard.

Electrical Penetrations (X-20E to X-17t;E)

Electrical penetrations are not subject to the valving requirements of GDC 56. >

However, the isolation barriers are provided by the epoxy-sealed penetration
assemblies. The staff finds that this provides adequate isolation for these

,

penetrations.

Other Issues

As stated previously, as part of a general reevaluation of the Sequoyah con-
'tainment isolation design prompted by the NRC team inspection, the staff, in

addition to GDC requirements, also evaluated other issues related to con-
tainment isolation. First, since the containment isolation system is part of
the engineered safety feature network in that it serves a vital role in

!
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reducing offsite releases, the staff requires the isolation system meet the
usual criteria for an engineered safety feature system. In that regard, TVA
has confirmed that all containment isolation valves including newly designated
containment isolation valves and all associated piping meet the standards of
ASME Section III Class 2 and are seismic Category I or the equivalent of those
standards. Second, the staff normally requires that all power-operated con-
tainment isolation valves have position indication in the train control room.
TVA recently confirmed that with the exception of 22 valves, all other power-
operated valves have position indication in the main control room. Position
indication for the 22 exceptions are provided in either the auxiliary building
or the hot sample room. Installation of position indication for the 22 con-
tainment isolation valves in the main control rocm is planned for the cycle 4
refueling outage.

Since the local manual globe valves in the seal water filter outlet lines and
filter bypass lines in the reactor coolant pump seal injection system provide
the function normally provided by remote manual, power-operated isolation
valves, the staff has questioned the provisions for position indication of i

those valves. TVA has responded that while those manual valves do not have j

position indication in the conventional sense of power-operated valves, the 1

valve position is recorded in the plant configuration log that is kept in the |
main control room. The staff concludes that by this method the licensee
provides position indication in an appropriate and acceptable manner.

3.6.1.3 Conclusions

On the basis of its evaluation, the staff concludes that with the approved
exemptions, the containment isolation design is in accordance with Appendix A :

to 10 CFR 50; therefore it is acceptable.
|

3.6.2 Containment Leakage Testing Program
i

3.6.2.1 Introduction

As discussed above, Inspection Report 50-327/328 86-20 contained open items
regarding the containment isolation design for certain containment penetra-
tions. By letter dated September 24, 1986, and January 2,1987, TVA proposed ,

to partly resolve these open items by redesignating certain valves as con- |
tainment isolation valves. The acceptability of these propesals is addressed i

above. TVA also has evaluated the recesignated containment isolation valves in !
regard to the requirements of Appendix J to 10 CFR 50 concerning local leakage !

rate testing. The staff's review of this issue folicws. j

3.6.2.2 Evaluation

Reactor Coolant Pump Seal Water Injection Lines (penetrations X-43A, -43B, 1

-43C, ano -430) and Normal Charging Line (Penetration X-16)

TVA states that the valves in these penetrations will be sealed with water
during an accident by ECCS pumps at pressures greater than 1.1 Pa and with at
least a 30-day supply of water, even considering a single active failure. TVA
has concluded that these valves are not subject to Type C (local leakage rate)
testing.
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Based on the above description of the system operation, the staff agrees with
TVA that if these penetrations and associated containment isolation valves are
closed to perform their containment isolation function, they will be sealed
with water via the ECCS pumps with a continuous supply of sealing water from
the containment sumps. In accordance with paragraph III.C.3 of Appendix J to
10 CFR 50, because the containment isolation valves of these penetrations will
be maintained under a water seal for at least 30 days following the onset of an
accident, they are not potential containment atmosphere leak paths; therefore,
they do not require a Type C test with air or nitrogen. In addition, a water

leakage rate test is not needed since a continuous supply of sealing water is
provided from the containment sump.

Emergency Core Cooling System Lines (Penetrations X-22, -33, -32, -21, -20A,
-20B, -17, -108, and -109)

For the high-head and intermediate-head safety injection pumps (penetrations
X-22, -33, -32, and -21)., TVA states that a water seal is provided during an 1

accident at pressures greater than 1.1 Pa and with a continuous supply of
water, even with consideration of a single active failure. Therefore, the i

staff finds, by the same reasoning as stated in the last paragraph above, the |
valves in these penetrations are not subject to Type C testing. !

l
for the injection line penetrations (X-17, -20A, and -20B) for the low-head 1

!safety injection pumps (RHR pumps), a water seal cannot be guaranteed with a
single active failure of an RHR pump. Any leakage past the two in-series
leak-tested check valves in each line would be into a seismically qualified
closed system; testir.g is performed to demonstrate integrity of the piping.
TVA requested an exemption to the Type C test requirements of Appendix J for
these lines. An exemption was issued on January 15, 1988.

For the upper-head injection (UHI) lines (penetrations X-108 and -109), a
limited supply of water would be available for a water seal during an accident.
The water seal is maintained by the water and nitrogen overpressure in the UHI
accumulator. If this pressure should be lost, any leakage would be contained
in a closed system. Two valves in a test line will be Type C tested with
pressure applied in the opposite direction of containment pressure. TVA
requested an exemption to the specific provisions of Appendix J for these
lines. An exemption was issued on January 15, 1988.

Containment Spray and RHR Spray Lines (Penetrations X-48A, ~488, -49A, and
,

-498)

The containment spray lines (penetrations X-48A and -48B) are considered by the
staff to be water sealed and not potential containment atmosphere leak paths. j

A water leg is maintained during normal operation in each riser between a
closed valve and the spray ring header. These closed valves now are leakage
rate tested with water to verify that there is sufficient inventory in the
risers to maintain a water seal for 30 days, even after the containment spray
pumps are shut off; this testing is specifically required by Technical Speci-
fication d.6.1.2.g. Therefore, the staff concludes that the present testing of
penetraticns X-48A and -48B is acceptable.
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The RHR spray lines (penetrations X-49A and -49B) are very similar to the
containment spray lines, except that no leakage rate testing is performed. The
staff would find it acceptable if TVA performed the same type testing as it '

does for the containment spray lines, or nonnal Type C testing with air or
nitrogen. By letter dated January 2, 1987, TVA has proposed to test the RHR
spray valves in the same manner as for the containment spray lines. Thus, the
staff finds this is acceptable.

Relief Valve Discharge to PRT (Penetration X-24)

TVAstatesthatalloftheredesignatedcontainmentisolationvalves(whichare
relief valves) for this penetration are located in closed systems tside
containment. These are pressurized after an accident and, therefore, the
valves are not subject to Type C testing. These valves are connected to the
safety injection system, CVCS, and containment spray system. The staff raised
the issue of whether the seals would be maintained with a single active fail-
ure. TVA noted that installation of block valves to permit Type C testine
would conflict with requirements of the ASME Code for relief valves. There-
fore, TVA requested an exemption to Appendix J for this penetration. An
exemption was issued on January 15, 1988.

Hydrogen Purge (Penetration X-400) and Containment Vacuum Relie_f
(Fenetraticns X-111, -112, and -113)

TVA is not proposing to redesignate any valus as containment isolation valves
in these penetrations, nor to otherwise change the isolation provisions for
these penetrations. These penetrations presently undergo appropriate local
leakage rate testing (Type B or Type C testing) for their current containment
isolation barriers, in accordance s:ith Appendix J. Therefore, the staff finds

the local leakage rate testing of these penetrations acceptable.

Summa ry

The staff finds that with the above exemptions, the preposed local leakage rate
testing (Type B and C) program for penetrations is in accordance with the
requirements of Appendix J to 10 CFR 50, and is therefore acceptable.

J.7 Containment Coatings

TM ceficiencies found during a TVA review of maintenance records relating to
"VA's programs for coatings inside containment are listed below.

Vendor-coated items had been installed inside containment without being
accounted for in the coatings analysis.

Some inorganic zine primer was improperly applied and randcm delamination'

occurred.

Coatings were not subject to periodic inspection and a maintenance*

program.

Assumptions were not verified for the calculations that established the*
,

amounts of coatings that could fail. |

1
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The effects of containment temperature for the main steam line break
(MSLB) accident on coatings were not assessed.

Following a loss-of-coolant accident or main steam line break, water from the
containment sump is used for makeup to the core and for containment spray. The
sump has a 6-inch trash curb arouno the base with 1/4-inch wire mesh screens
that slope upward and outward from the sump to prevent debris trom entering.

Failure of coatings during a loss-of-coolant accident or main steam line break ,

could lead to blockage of sump screens, thus an inadequate recirculation flow '

to the core or blockage of spray systems.

As a result of these weaknesses, TVA undertook corrective actions, which
included physical repair of coatings, erection of screens to prevent transport
of material, and implementation of a program to establish and maintain a log of'

the status of coatings and their qualification. As part of this effort, TVA
has proposed to establish a new basis for operability of the plant with respect
to the amount of coatings that could fail in a design-basis accident and how
that material is treated in the transport analysis. TVA discussed this
approach in its submittal of September 16, 1987.

The original basis for qualification of coatings was the accident conditions
resulting from a design-basis LOCA.

The containment temperature profile for the LOCA dces not bound the temperature
profile expected from an MSLB. Thus, approximately 12,000 square feet of top-
coated steel and 7500 square feet of concrete inside containment, which were
previously qualified, would not be qualified for the HSLB conditions. There-
fore, the debris from coatings following an MSLB would be more severe than
following a LOCA.

Staff discussions with the licensee and the material manufacturer provided
information about the containment coatings. Carbozine 11, also known as
Carboline CZ II, was the inorganic zinc primer used on the steel. The topcoat
on the steel was a phenolic, Carboline 305. For the concrete, Carbozinic 295,
a waterbase polyamine or polyamide was used without the need for a primer.
The topcoat was also Carboline 305. The primer coating on the RCP motor,
which was the vendor-supplied component that was recoated, was Ameron D6. It

was given a polyamine topcoat. The topcoat has performed satisfactorily in
radiation resistance and decontamination testing. The licensee has qualified
the organic coating materials for conditions up to and including the design
basis loss-of-coolant accident.

As a result of this information, TVA re-evaluated the licensing basis for the
containment sump screen blockage. In the FSAR, an arbitrary blockage of 50
percent of the screen area had been assumed.

Westinghouse performed a physical transport study to determine if the contain-
ment spray and emergency core cooling systems could be operated safely if
debris were present from coating failures. The Westinghouse study examined the
effects on net positive suction head (NPSH) of sump screen blockage caused by
coating and insulation debris. The study focused on a tear-sump region that
would be affected by post-accident flow fields and u&csed the potential
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effects of the return of containment spray flow through the refueling canal
drains. Both reflective metallic insulation and fibrous NUKON insulation were
included in the study, as well as other coatings that potentially could fail.

The study indicated that under MSLB and LOCA conditions with sump screen block-
ages of up to 90 percent, adequate NPSH would be provided for the containment
spray and RHR pumps. The study also showed that at least 12 percent of the
sump screen area would be protected from blockage by the shielding provided by
a 45-inch-diameter crossover pipe located directly in front of the screen, an
8-by-8-inch wide flange material to one side of the screen. In addition to
the shielding, the sump screen is designed with an upward and outward side
slope from the sump, which further prevents debris from blocking the screens.

Or the basis of this information, the staff concludes that a sufficient area of
tre sump screen would remain unblocked following an MSLB or a LOCA to allow the
containment spray and RHR pumps to operate safely. Therefore, the containment
coatings issue is considered resolved.

3.8 Voderate Energy Line Breaks

3.8.1 Introduction

In Section 111.15.2 of the SNPP, TVA identified the actions it would take
before restart to correct the moderate-energy line break (MELB) flooding issue.
These corrective actions were originally identified in Sargeant and Lundy
Report SL-44E4, transmitted by a TVA letter dated July 2,1987(b). This report
defined the scope and design criteria for the evaluation as well as the results
and reconinendations for corrective actions to achieve safe shutdown during a
MELB flood. The evaluation covered plant operating conditions during reactor
startup, refueling, testing, operation at power, hot standby, reactor cocidown,
and cold shutdown.

In addition to the Sargeant and Lundy report, TVA performed an analysis to
determine the effects of internal flooding during different modes of operation. -

The results of this study were used to determine which recommendations (from
the Sargeant ano Lundy Report) must be accomplished before restart and which
could be delayed until later. The staff reviewed the original TVA analysis,
dated March 27, 1987, during an audit. Revision 1 of the analysis was
submitted to the NRC on October 9, 1987.

The purpose of the analyses performed by the licensee and its contractors was
to demonstrate that safe plant shutdown could be achieved for design-basis NELB
flooding events or to determine what modifications to the plant were necessary
to achieve safe shutdown. These studies included the elements listed below.

flood level calculations (including field verification of input*

parameters)

structural load assessment

safe shutdown evaluation (including field identification of submerged*

Class 1E electrical equipment)

safe shutdown power supply analysis*

i
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cable submergence analysis*

3.8.2 Evaluation

The staff's evaluation of TVA's analyses is discussed below.
'

Flood Level Calculations
\

Two important modeling assumptions were made for the flood level calculation 1

analyses: (1) only one piping failure was assumed for each MELB event, and (2) .

no credit was taken for flow in floor drains. Using these assumptions, flood )
level calculations were performed for flooding events in 250 flood zones in the ,

auxiliary, control, diesel-generator, and reactor buildings and in the ERCW j
pumping station. Two flood levels were calculated for each flood zone, one for !

iflooding sources originating within the zone (hl) and one for flooding
originating outside of the zone (h2).

The duration of fluid inflow from a postulated MELB was generally assumed to be ,

taken as 60 minutes. This inflow time is significantly longer than for high- i

energy lirie break (HELB) events because of the general unavailability of
automatic isolation for moderate energy systems. Formostzones(approximately
80 percent) calculated flood levels are independent of the assumed inflow
duration. These levels represent steady-state levels where inflow is balanced
by outflow.

The staff considers the basic assurrptions used by the licensee in the
calculation of flood levels to be acceptable, i

Structural Flood Load Assessment

The structural assessment included a review of the affected slabs, beams,
columns, and walls for each zone. The qualification of the slabs, beams, and
columns was based on a comparison of postulated flood loads to the allowable
floor live loads provided by TVA. Walls were qualified by comparing postulated
flood levels to the wall capacities that were generated by Sargeant crid Lundy.
The staff considers this structural assessment to be adequate.

Safe Shutdown Evaluation

The safe shutdown evaluation examined MELB flooding on a zone by zone basis.
TVA cenaucted field walkdowns to identify Class IE electrical equipment that
was indicated to be submerged by the calculated MELB flood levels. When the
field walkdowns verified which essential equipment would be submerged, the
ability to achieve safe shutdown was evaluated for flooding events that could
submerge that equipment. Other Class 1E electrical equipment that could be
submerged concurrently also was considered. Required system controls and
instrumentation were examined through use of block diagrams. The licensee has
stated that components needed for safe shutdown are not submerged by the MELB
flood levels. The staff finds the licensee's safe shutdown analysis to be

| acceptable.
I

Safe Shutdown Power Supply Analysis

i

!
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An evaluation of the auxiliary and the control power systems was made to ensure
the availability of required shutdown boards and control circuits. The primary
objective of the auxiliary power systems review was to evaluate the likelihood
of increased board loading that would result from equipment that is r.ot safety
related being submerged and to determine if this increased loading could be
sufficient to trip the main breaker. The control circuit study also was
performed to determine if the flooding of shutdown equipment that was not
safety related could potentially disable required shutdown boards. The staff
considers this approach to be acceptable.

Cable Submergence Analysis

Cables in cable trays and in conduits were evaluated to determine which would
become submerged if flooding occurred. It was assumed that cable trays routed
below the maximum expected flood level would become submerged, as would cable
trays routed from floor to floor. Cables in conduits were assured to become
filled if the conduits have openings er fittings that are not water tight and
if they are located below calculated flood levels. Cables that may become
submerged were identified as requiring flood protection. The staff considers
this approach to be acceptable. ,

Evaluation d Neoprene Seal Hodification on Door C-14

The October 9,1987 submittal also provided evaluation of the modification to
fire-rated door C-14, connecting the turbine building floor with the auxiliary
instrument room at elevation 685. The modification will consist of placing a
small strip of neoprene on the door frame sides and on the bottom of the door,
leaving a 1/32-inch gap to the sealing surface. The licensee detemined that
the neoprene seal will not have a significant impact on the fire rating of door
C-14. The staff agrees with this determination.

Sumary

The Sargeant & Lundy analysis identified 10 recommendations for corrective
action. In additicn, Sargeant & Lundy recomended that TVA consider resetting
the auxiliary building supply fan breaker to reduce the degraded voltage
duration. TVA used the result of this analysis to determine what modifications ;

were needed to ensure full protection of the plant from MELBs flooding in all
modes of operation.

TVA broke dawn these 10 items into 27 separate tasks. Six of these tasks were
to be accomplished before Unit 2 restart, and the remaining 21 items would be
accomplished before startup from the cycle 4 refueling outage. The justi-
fication of delaying these 21 items until after restart is addressed in Cal-
culation SQN-SQS4-0088 "Justification for Continued Operation with
Unimplenented Corrective Actions for Moderate Energy Line Breaks." A new item
was added to the 21 post-restart items in Revisicn 1 of the calculation. In
its SQN-SQS4-0088 calculation, the licensee examined the effects of such
factors as operation of the condenser cooling water pumps, the operability of
the annulus sump alarm system, electrical equipment flooding, and the proba-
bility of MELB occurrences to establish justification for postponing certain
action items until after restart. These factors were used to implement the
restert requirement criteria as listed in the SNPP. Effects of cable
submergence, ccnduit sealing, spurious equipment operations, bachflow through
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drains, safety injection test trode, and surveillance on flood alanns also were
addressed to justify the chosen restart actions. Revision 1 to the calculation
states that degraded bus voltage will be resolved as a generic issue rather
than as part of the NELB issue.

i

The staff has reviewed the logic presented in SQN-SQS4-0088 and accepts the
justification for limited deferral of selected tasks. However, the staff
believes that possible adverse effects from MELBs can be further limited by
requiring appropriate licensee personnel to familiarize themselves with shutoff
valves for all moderate-energy lines leading to safety-related areas.

3.8.3 Conclusion

The staff accepts the licensee's procedures and assumptions for evaluating MELB
flooding. The staff further accepts the licensee's connitment to complete the
actions listed below before restart.

i
(1) ensure adequate sealing between the turbine building, control building,

and the auxiliary building

(2) provide administrative centrol for possible flooding in the annulus
1

(3) verify that the electrical equipment and electrical boards on the 734' and
749-foot level are above MELB flood levels |

I(4) upoate the previous review of unimplemented ECNs to determine if
|

subsequent ECNs impact the flooding evaluation. !
,

The staff concludes that completion of these actions (which includes all six
j restart tasks) will be sufficient for restart. However as a post-restart i

action, the staff reconnends that TVA be able to demonstrate cuick response to ,

MELBs in safety-related areas.

3.9 ECCS Water Loss Outside Crane Wall / Air Return Fan Operability

3.9.1 Introduction !

By letter dated July 8, 1987, and as supplenented August 4, 1987, the licensee
identified a condi'. ion involving the collection of water from the containment
and residual heat removal sprays following a design-basis accident (DBA).
Spray water collecting on the operating deck floor could drain directly into,

areas cutside the crane wall through the opening for the containment air return
fan A-A. The concerns were that this drainage could result in undesirably low
water levels above the surp eno in flooding of the air return fan A-A.

3.9.2 Evaluation

The primary purpose of the air return fun (ARF) is to enhance the ice condenser
and containment spray heat terroval. The secondary purpose of the system is to
limit hydrogen concentrations in potentially stagnant regions of containn;ent by
ensuring a flew of air from these regions. Two fans are provided.

The operating deck, located above the containment sump, is designed to collect 1

falling spray water and divert it to the inner crane wall region through the |

,
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refueling canal to the sump. Tne licensee identified a condition wherebv,

during containment spray operation, spray water could bypass its intene "w
path to the inner crane wall region by draining directly to areas outs e t-

crane wall throu(% an r ,ening for the containment air return fan A-A.
Subsequently, the s 't access hatch and personnel access door tre- es
also were identifw n ,vtential inner crane wall bypass leakage paths. These
trenches also would e <ect spray water through the opening for containment air
return fan A-A. (The .ntake for fan B-B is above the floor elevation and this |

fan is unaffected by water drainage.)

The licensee has determined that the root cause of this condition to be a
design deficiency that does not adequately prevent spray water interaction with
the ARFs. In addition, the kick plates have not been maintained as required by
design drawings. The kick plates on the operating deck were designed and
installeo to prevent runoff at the personnel access hatch. However, a portion
of these kick plates were removed and not replaced because they would have
interferad with movement of the personnel airlock door.

It has now been determined that, had the kick plate been maintained as
designeo, the estimated flow runoff through fan A-A would have been reduced. !

However, this reduction in runoff would not have been sufficient to preclude
failure of ARF A-A. The licensee has since installed kick plates of a
different design that prevent the spray water that has collected on the floor
frce draining into the air return fan and settling outside the crane wall.

Excess moisture in the containment atmosphere can be drawn through the air
return fans and then exhausted to the accumulated rooms outside the crane wall.
Containment spray is designed to direct spray inside the crane wall only.
However, for the purposes of the analysis, the licensee conservatively assumed
that they would be a homogeneous distribution of spray throughout the total air
volume above the operating deck, including the region outside the crane wall. >

Using this assumption, the totcl rate of entrained water that would pass |

| through the two fans has been calculated to be 70 gallons per minute per fan. L

| The containment air return fans have been evaluated by the vendor and found to !

be capable of performing their intended function with this amount of entrained1

water in the containment air.
;

The RHR and containment spray purps require a 13.2-foot sump water level to ,

naintain the proper net positive suction head (NPSH). Entrained spray water '

that would pass through the air return fans would he diverted f rom the surp;
thereby, reducing the sump water level and the pump's NPSH. However, to
maintain the sump water level and the proper NPSH, the licensee has proposed
certain modifications to trap the de-entrained spray water and drain that water
back inside the crane wall. The recessary modifications to the drainage areas .

outside the crane wall (accumulator Rooms 3 and 4) consist of the following:

(1) install 5 inch curbs in each accumulator room, as required '

(2) seal penetrations through the acdumulator room floors

(3) using 4-inch piping, construct a drain line that runs from each
accumulator roca floor to inside the crane wall

i
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(4) install orifices on the existing accumulator roum floor drain lines to
limit the total flow through them to less than 5 gallons per minute

All efforts associated with the curb and drain modifications have been
completed on Unit 2; those modifications for Unit I will be completed before
restart.

3.9.3 Conclusion

The staff concludes that re-design of the containment drainage system will
ensure that spray water will not damage the air return fans or bypass the surrp;
therefore, the design is acceptable.

3.10 Platfom Thermal Growth

The SNPP, Revision 1, Sectior III, item 15.5, "Platform Thermal Growth," deals
with thermal loads on structures during a postulated LOCA.

'

On May 15, 1965 TVA received an employee concern on temperature variation in
pipehangersandsupports(IN-85-103-002). As a derivative of this activity,
TVA found that some structural and misce'laneous steel structures were designed
and installed without proper consideration of themal loading during a
postulated LOCA. The requirements to consider themal load are specified by
license design criteria SQN-DC-V-1.3.3.1, the Standard Review Plan
(Sections 3.8.3 and 3.8.4), and industry standards.

The special program contains a suninary of the issues, a description of the
intent and scope of the program, steps TVA has already taken to correct the
issue, and the status of TVA's corrective actions. The staff's evaluation of
this program plan is discussed below.

The staff reviewed the licensee's criteria dated August 11. 1980, which was
used by TVA as a guide to re evaluate thermal growths in structures by TVA. In
particular, Section 4.2.2.b load combinations specify to ccmbine thermal loads
(Ta) with other loads such as dead and live loads and earthquake loads. The
criteria are generally consistent with the Standard Review Dlan; therefore,
they are acceptable.

TVA performed a thorough drawing review to identify the strucsural and
miscellaneous steel structures that appear to be thermally restrained to +.he
point where thermal growth might damage the structure itself or adjacent
structures. In the suggested corrective action of the Engineering Report (SCR
SQN CEB 86103 R0, Revision 1) a thorough drawing review was recomended and
subsequently ;;erformed by experienced design enoineers who are familiar with
thermal evaluation. A themal evaluation was then perfomed for each of those
structures that were identified in the drawing review. The primary function of
the evaluation was to determine if the structure is ductile and if the stresses
are secondary and self-limiting. For those structures that were shown to meet
these criteria, the themal loao was ignored in accordance with the criteria
and no further action was taken.

The staff found that the licensee's outline of the evaluation of the issue is
reasonable. However, the staff will inspect the licensee's calculttions to see
if the criteria are adequately interpreted, if the scope of the evaluation is
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adequate, and if the quality of the calculations is acceptable. The staff also
will review generic implication of the issue * relationship of this issue to
the thermal variation in the pipe hangers / supports as described in the employee
concern IN-85-103-002/ Report Number 220.11(B).

j

For those structures that do not meet the above design criteria, a certain i

modification was introduced to the structures to allow thermal growth in key (

members. The staff believes that this allowance for a free themal growth will |
'alleviate themal stresses in the structures. However, too much alteration of

the structure n.ay change the basis for the floor response analysis of the
equipment since structural natural frequencies may change. This aspect will be-

reviewed-by the staff durir.9 an audit.

TVA's review and evaluation identified four miscellaneous steel structures that
required modifications. The four structures were the instrument room access
platform, the reactor coolant pumps access platforms for loops 3 and 4, and the'

pipe support framing in accumulator room 4. The applicable drawings have been
revised for implementation. ;

On the basis of its review, the staff concludes that TVA's proposed resolution '

procedures are acceptable, i

3.11 pipe Wall Thinnino Assessment
.

,

; 3.11.1 Introduction ,

i

On December 9, 1986, Unit 2 at the Surry Power Station experienced a catastro- .

f
4 phic failure of a main feedwater pipe, which resulted from the erosion /
| corrosion of a carbon steel pipe wall. - Although erosion / corrosion pipe fail- !

ures have occurred in small diareter piping containing a water-steam mixture<

and in water systems containing solids, there have not been any previously !

reported failures in large diameter carbon steel piping systems containing
high-purity water; thus, the licensee did not have a procedure for the sys- j
tematic examination of the thickness of the walls of the feedwater and con- '

censate piping. |

|-

Main feedwater systems, as well as other power conversion systems, are !

important to safety. Failure of piping containing high-energy fluids such as i

the feedwater system can result in complex challenges to the operating staff i

) because of potential interactions of high energy steam and water with other
'

; systems, such as electrical distribution, fire protection, and security. The ,

licensee's comittents for the functional capability of systems containing high i
,

j energy fluids are a part of the licensing basis for the facility; an important 1

part of this commitnent is that piping will be maintained within allowable !

1
thickness values, e

j 3.11.2 Evaluation
4

i

The staff's evalu cion is based on Volume 2 of TVA's Nuclear Performance Plan |
; and meetings with the licensee on June 29, September 14 and 30, and October 29, ,

; 1987. Information was also obtained from the licensee's response to NRC !
; Bulletin No. 87-01, "Thinning of Pipe Walls in Nuclear Power Plants " which is j
j being evaluated separately. TVA's response of September 18, 1987, included its 1

j tests and inspections of piping.
| ,

; 1
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Erosion / corrosion for carbon steel piping is a con:bination of rusting and loss
of material as a result of moving water or steam or both. The licensee se- ,

'lected areas susceptible to erosion / corrosion based on base metal composition,
flow velocity, pressure differentials, unusual flow path or geometry, and
operating temperature. Inspection was by visual and ultrasonic testing (UT)
rethods. The five susceptible systems are listed below.

$ condensate (sinole phase)
$ feedwater (single phase)
$ extraction steam (two phase)
$ heaterdrainsandventlines(twophase)
$ turbine drain and vent lines (two phase)

The licensee subnitted inspection reports detailing the extent of wall
thickness testing. In 1983 the licensee replaced a portion of the Unit 1
moisture separator reheater drain tank steel line that had failed as a result
of steam erosion. In 1984 the extraction steam lines were examined. There was
evidence of wall thinning in some areas, but the thicknesses, as nieasured by
UT, exceeded the calculated minimum wall values. The piping downstream of the i

level control valves was changed to' stainless steel to prevent future problems.

A preliminary report of the suspected erosion / corrosion areas on the condensate
and feedwater piping dated January 27, 1987, described the testing procedures

: and the selecticn of locations to be tested. Some loss-of-wall- thickness was
' detected on a reducing elbow downstream of a feedwater pump, but this was

determined by the licensee to be the result of cavitation. Erosion / corrosion
had rict occurred in the areas most likely to be damaged. .

The recent inspections for Unit 2 are summarizen in reports, "Preliminary
Evaluation of the Turbine Building Heat Cycle Piping" dated March 6, 1987, and
"Wall Thinning Assessment Program Final Report" dated April 8, 1987. Approxi-
mately 70 areas were examined by UT and the results were compared with the

;

material specification's minimum wall thickness and the licensee's design
minimum wall thickness. Any measurement below specifications was noted, and
those areas fourd below or rapidly approaching the design minimum were targeted )
for replacement. This data is being used to establish a data base for tracking ,

purposes. Significant thinning was detected in several locations. One
'2-1/2-inch high-pressure reheater operating vent line elbow had about 50

percent erosion; this elbow was replaced in all three lines. The elbows in the
four 16-inch feedwater lines inrediately downstream of 12-inch valves were,

eroded below the minimum wall value as a result of high local water velocities,
i

lhese safety-related elbows have been repaired by overlay welding.

Chemical samples were taken of degraded and erosion / corrosion-resistant
fi tti r.g s . As expected, the resistant fittings contained elements known to give
corrosion resistance while the degraded fittings did not.

The licensee submitted copies of the UT procedures and surveillance instruc-
tions for the wall thinning program. The licensee plans to monitor susceptible
areas and trend the results.

3.11.3 Conclusions ;

!

,
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I

The hRC staff concludes that the licensee's inspection and surveillance program
is acceptable. The staff finds that monitoring the licensee's implementation
of the surveillance program is not necessary at this time.

3.12 Cable Installation
f

A number of enployee concerns were received relating to construction practices
at Watts Bar, particularly with respect to cable installation. The evaluation
of these concerns was extended to the Sequoyah plants.

The NRC and its consultant, Franklin Research Center (FRC) conducted a review<

of installation procedures at Sequoyah, plant walkdowns, and interviews with
electricians who had installed cables in the plants. The results of this
review were transmitted to TVA by letter dated March 9,1987. In that evalua-
tien, the staff concluded that tests should be conducted for Sequoyah before
restart to assess potential darrage for three situations: (1) cable pullbys, ,

(2) cable janning, and (3) vertical cable supported by 90-degree condulets.
TVA developed a test program to address the staff's concerns, which was subse-
quently revised in consultation with the NRC; this program is described in a
TVA submittal dated July 31, 1987. TVA has con'pleted its testing of cables for
these three issues; the results were submitted to NRC by letter dated Novem-
ber 20, 1987.

During its testir.g, TVA identified potential insulation deficiencies with sili-
cone rubber insulated cables supplied by three vendors: American Insulated
Wire (AIW), Anaconda, and Rockbestos. Some silicone rubber insulated cables
have failed in-situ high potential (hi pot) tests and some uninstalled, new,
but drop-weight impacted cables have failed laboratory testino that was con-.

ducted to ascertain the potential for ciible damage from nonnal stresses ex-
pected during shipping, handling, and installation. TVA provided a report on
these failures pursuant to 10 CFR Part 21 because it believed the findings ,

i could affect other plants. There are about 960 silicone rubber insulated
) single conductor cables inside containment, totaling about 60,000 feet.

In a letter dated November 13, 1987, the staff informed TVA that based on TVA's
infomation developed up to that time, all the silicona rubber insulated cables
at Sequoyah were corsidered suspect. Althcugh the generic concerns associated
with the use of this material in other plants are under review by the staff, it
was the staff's position that this issue nust be resolved for Sequoyah before,

restart. TVA was told that if it elects not to replace these cables, then TVA
will have to demonstrate, before restart, that these cables will perform their
intended safety functions in a harsh environment.

On November 24, 1987, in a meeting between NRC and TVA, TVA presented results
.

from tests conducted at Wyle Laboratory. The results were also submitted to
the staff in a letter dated November 24, 1987. The results demonstrate that a'

significantly lower insulation thickness than originally anticipated is
necessary for installeo cables to perform their intended function during and
after a LOCA.;

I
L In a letter dated December 28, 1987, TVA documented its basis for concluding i

! that the silicone rubber insulated cables installed at Sequoyah are adequate to
i perform their intended function. TVA also infanted the staff that, as a result i
j of a decision made before the Wyle Laboratory test results were known, .11 the j

i'

1 1
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AIW cables in safety-related harsh environment applications and the associated
Anaconda and Rockbestos cables mixed in the AIW cable conduits in Unit 2
containment have been replaced. These cables were replaced with cables
acceptable to the staff.

The staff has reviewed the TVA test data and concluded that the remaining in-
stalled silicone rubber cables--Anaconda and Rockbestos--are acceptable for
service. The Wyle Laboratory tests represent partial qualification of the
silicone rubber cables for a period of 10 years, which provides sufficient mar-
gin for startup. However, TVA will qualify the cables for the expected life of
Sequoyah before return to operation from the refueling outage.

3.13 Fuse Replacement

Bussman, the KAZ fuse manufacturing company, informed TVA in early 1986 that
KAZ actuator devices cannot be used as a fuse in 6 ampere er lower rated
125-volt dc circuit and 600-volt ac circuit applications. The device can only
be used in parallel with a higher rated fuse, so that when the higher rated
fuse blows, the XAZ also blows; and the indicator pin actuates the annunciator
circuit.

In June 1986, TVA decided to replace the KAZ actuators with HIS-5 indicating
fuses rtanufactured by Bussman. However, Bussman could not provide fuses that
had been seismically qualified. Hence, TVA contracted Northern International,
Inc., to supply seismically qualifico MIS-5 fuses. As of October 1986, TVA had
replaced approximately 2,500 KAZ actuators with HIS-5 actuating fuses.

In October 1986, TVA suspected that HIS-5 fuses were defective because of the
failures that had occurred, and suspend installetion uf MIS-5 fuses. A 10 CFR
Part 21 report was submitted to NRC on October 29, 1986.

In January 1987, TVA contracted Littlefuse. Inc., to supply indicating fuses,
FL AS-5 model . TVA contracted Wyle Laboratories to seismically qualify the
FLAS-5 fuses. The FLAS-5 fuse consists of a fuse wire, 560 ohm resistor,

spring-loaded indicator pin, and sana-like filler. The indicator pin is
mechanically attached to the spring. At the end of the spring, the resistor
and the fuse wire are soldered together. The solder material used is a eutec-
tic alloy that has a low trelting point. During overcurrent or fault condi-

!tions, the solder joint melts and releases the indicator pin. The indicator
pin serves to cause annunciation only and ooes not trigger any safety features.

TVA installed the FLAS-5 fuses by March 1987, and Region 11 completed the in- |
spection (Inspection Report 50-327/328 87-20) during the week of March 23, 1987 )
and founu the replacerent acceptable. However, on June 20, 1987, an FLAS-5 -

fuse blew in a diesel generator (DG) start circuit that started all four cgs.
TVA investigated the problem and found that FLAS-5 fuses from lots 2 and 3 were
inadvertently blowing without the ccmponent in service or any other activity in
progress. Discussion with Littlefuse, Inc, revealed this to be a creep failure
problen introduced during the manufacturing of the fuses in lots 2 and 3.

The problem was believed to be corrected by changing the solder material and
solcering process during the manufacturing of subsequent lots. TVA submitted a
licensee event report dated July 21, 1987, on this problem.

1
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By letter [ November 17, 1987(b)], TVA subnitted the testing performed on the ,

FLAS-5 fuses to detennine the cause of failure in lots 2 and 3 and to demon-
strate the reliability of subsequent lots of fuses.,

! '

! Scanning electron miscroscope photographs indicated partial melting was present
'

in all of the failed fuses. Those photographs showed a large amount of'

'

porosity in the solder and one fuse with almost no solder. These problems
point out the poor quality control exercised during the manufacturing process -

of these fuses. This was a preliminary conclusion before the creep failure
mechanism was identified by later tests. TVA also subjected four fuses from
lot 3 and four fuses from lot 6 to a temperature of 200*F under no electrical
load. The first fuse from lot 3 failed within 12 hours. All other fuses from
lot 3 failed within 80 hours. The 'irst fuse from lot 6 failed at 44 days and
the last fuse from lot 6 did not fail even after 71 days,

it should be noted that bismuth was included in the solder for fuses in lots 2
and 3 while cadmium was used on fuses from lots 4 and higher. Bismuth, because
of its low melting point, is believed to be the cause of failure of the fuses
in lots 2 and 3.

TVA also subjected these fuses to a long-term current test. Fuses from lot 3
were subjected to 2 ampere and 4 ampere circuits. Out of 20 fuses, 11 fuses
failed in the 4 ampere circuits within 33 days. The first fuses failed within
5 days. In the 2 ama re circuits, only one fuse failed (at day 26) during a
test of 40 days. No fuses from lots 4 and 6 failed in the long-term current
test.

TVA, at its Singleton Materials Engineering Laboratory, has perfonned tests on
the FLAS-5 fuses with cadmium bearing solder (lots 4 and upward) to evaluate '

the temperature dependence of the creep rate. During these tests. TVA
conducted limited stress rupture tests on the fuses at 100, 120, and 143'F.
These data combined with results of tests performed by Littlefuse, Inc. at 78
and 200*F provide the predicted service life of the FLAS-5. These tests prove
that soldering material used in these fuses are expected to undergo a
time-dependent increase in length (creep) under a constant load at elevated
temperatures. TVA also has measured the temperature rise above ambient at ,

various points of the FLAS-5 fuses. Based on the expected life tests and fute
temperature rise tests, together with knowledge of fuse loading and ambient t

temperature, TVA has predicted the service life of the solder junctions to be
80 months average and 25 months minimum.

TVA also has performed short circuit tests on samples of both types of fuses in ,

'
which the bismuth solder fuse indicating mechanism operating in 37.15 seconds
whereas the cadmium indicating mechanism operated in 37.45 seconds, an insig-
nificant time difference.

,

TVA has comrnitted to replace bismuth solder FLAS-5 fuses from lots 2 and 3 with
cadmium solder fuses before cperating at mode 4.

On the basis of these tests, it can be reasonably determined that the tailure ,

of the fuses had been caused by a creep problem. These tests also prove that ;
'cadmium solder fuses from lots 4 and higher are more reliable and will have

less tendencies of failure because of the creep problen than bismuth solder
fuses of lots 2 and 3.

,

,
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TVA has informed the staff that cadmium fuses (FLAS-5 lots 4 and higher) havo i

blown because of short circuit conditions and not creep failures as experienced ;

with lots 2 and 3. Based on the test results and experience with the FLAS-5
cadmium solder fuses from lots 4 and higher, the staff finds the replacement

.!fuses acceptable. However, because the analysis performed by TVA on the
service life of the solder junction is predicted to be 80 month on the average (
and 25 month minimum, TVA should either replace these fuses every 25 months or
extend the life of these fuses with further testing and analysis based on the
ambient conditions and failure rates of these fuses.
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4 RESTART READINESS ,

There are a number of programs necessary for safe conduct of nuclear activities
at Sequoyah. These include management performance, maintenance, quality assur-
ance and training. The nanagement controls, initiatives and procedures related
to these activities are discussed below. Numerous inspections of the effective-
ness of these programs have also been conducted and will continue.

4.1 Operational Readiness

4.1.1 Introduction

TVA has historically demonstrated weaknesses in performance of nuclear activ- i

ities as has been discussed in previous Systenatic Assessment of Licensee
Performance (SALP) reports. On September 17, 1985, on the basis of continued
poor performance as described in the fifth TVA SALP, the NRC issued a letter
delineating their concerns pursuant to 10 CFR 50.54(f).

Enclosure 2 to the staff's 10 CFR 50.54(f) letter posed certain questions to
TVA regarding

(1) equipment qualification (Questions 1 and 2)
(2 operational readiness (Question 3)
(3 cable tray support (Question 4)
(4 design control (Question 5)

Items (1), (3), and (4) are discussed in Sections 3.2, 2.5, and 2.1, respec- i

tively, of this report. Operational readiness will be discussed in this
section.

TVA has undertaken a significant effort to address and correct opera +.ional
readiness issues. A special Sequoyah Task Force was established by the
Manager of Nuclear Power on March 19, 1986, to identify problems and initiate
those actions necessary to resolve the problems before restart of either
Sequoyah unit. The Sequoyah Nuclear Performance Plan (SNPP), Revision 1 j
prcvides the assessment and plans for resuming operation of the Sequoyah units
and Section V discusses those topics related specifically to operational i

readiness.

TVA has stated that the overall purpose of operational readiness is to provide '

the Site Director with verification that activities, programs, and comitments
required for restart are completed. This is to be accomplished by designating
an Operational Readiness Manager who reports to the Manager, Office of Nuclear
Power (OhP) and an SQN Operatiunal Readiness Manager who reports to the Site

,

Director. The Operational Readiness Manager provides independent oversight of !
the development and implerentation of the operational readiness progran and .

assists the site in ensuring the program adequecy while also providing |
independent assessrents and evaluations to the Manager of Nuclear Pcwer. The
Site Director will use the results of the operational readiness program and

;

I

l
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other status reviews to make his reconnendation for Unit 2 restart to the
Manager, ONP. The Manager, ONP, will not approve restart of Unit 2 until te
is satisfied that all preparations for restart have been satisfactorily
completed.

The SQN Operational Readiness Manager assessas whether corrective action plans $
have been established to ac' dred the underlying causes of deficiencies or !

problem areas, evaluetes the adequacy of corrective action, reviews the close- !

out practices and provides connents to improve the process and program content. 9

The SON Operational Readiness Manager is respnnsible for working with the site |

and line organizations to obtain verification of program implementation, to
obtain verification of organizational readiness thrcuch the evaluation of per- '

formance objectives, and to develop the restart prerecuisite checklist. The
checklist will be used to verify that hardware issues directly impacting system i

operability are closed before applicable mode changes.

4.1.2 Evaluation

Success of the operationel readiness program is contingent upon the successful i

implerentation of the three program elements: the SNPP completion of Volume 2
progrars, the establishment and assessment of performance objectives, and the
restart prerequisite verification (Restart Test Instruction 1.1-Master Test
Sequence).

Irplementation of the first element will be to verify)(1) that restart activ-ities as defined in the Sequoyah Activities List (SAL have been completed,
(2) that SNPP Volume 2 text statements of intention have been ecmpleted, and
(3) that major projects, having broad impact on other plant activities, have
been completed prior to restart. Some long-term program er.hancements will be
open at restart and will be tracked through routine NRC observations of the
TVA corporate commitment tracking system.

The purpose of the performance objectives evaluation is to ensure thet site '

organizations fun.: tion ef fectively and are prepared for plant restart and
operation. Generic perforrance objec+ives and criteria have been established
and assigned to site organizations so that they nay address the a*eas of pro-
cedures, staffing, supervisory involverent, internally and externally identi-i

fied findings, housekeeping, and readiness of support organizations during *

restart. Additional performance obje:tives and criteria have been developed
1

i for the functional areas of organization and administration, document control,
i maintenance, training, licensing, engineering, and configuration control.

Performance objectives in these functional areas also have been assigned to
i the appropriate site organizations.

| TVA's performance objectives are b sed on the guidance provided by "Perfor-
mance Objectives and Criteria for Operating and Near Term Operating License2

Plants," INFO 85-001, Institute for Nuclear Power Operations, January 1985.

j This interim operational readiness evaluatien will include the following:
q ;

; establishing appropriate objectives and criteria l
*

evaluating readiness against established criteria )
'

assessing impact of deficiencies identified i
*

"

1
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developing and implementing additional corrective actions
for identified deficiencies
verifying that performance objectives have been met and*

readiness is assured

TVA has established plant instructions and tracking systems to ensure that
hardware issues directly impacting system operability are closed before mode
chances. To ensure that these hardware issues are complete, a restart pre-4

quisite checklist has been developed. This checklist was developed by the
SQN operational readiness staff and serves to consolidate hardware operability
issues, including those listed belcw.

maintenance or work request backlog*

; outstanding clearances*

modification status'

outstanding temporary alteration control forms (TACFs)"

outstanding preventive maintenance packages*

instrumentation availability*

outstanding hardware-related PR0s and SCRs*

The restart prerequisite checklist will be provided to the Sequoyah Restart
Test Manager for inclusion in the plant restart test sequencing instruction.
This instruction will provide for PORC review end plant manager approval of
results prior to leaving specified bold points, in addition to incorporating
the restart prerequisite requirerents, this instruction will address the com-,

pletion of required special testino during the restart of SON.

TVA will provide two reports, an initial report and a final report to document
i the operational readiness program.

The initial report provided

the status of each SAL item
the status of each Volume 2 restart text intention
closure criteria approved by the principal manager for each*

,

defined major project / issue4

the status of the performance objective / criteria evaluations*

a copy of the current draft restart checklist*

The final report will provide,

.

a revised update of the initial report to document*;

: operational readiness
a detailed description of the remaining open itens"

the specified rechanism for ensuring cicsure and the method byi *

! which closure will be documented for open items
: the final restart prerequisite checklist as submitted to the"

SQN Restart Test Panager

i A parallel, independent assessment of operational readiness was performed |
by the ONP Operational Readiness Manager. This review was conducted by<

senior personnel with plant experience from both inside and outside TVA.J

The team provided its finding; and recomendations to the Manager of ONP
in a letter dated January 5, 1988. This managerial group may be augmented

]
I

! TVA SER Vol. 2, Part 1 4-3 Revised Preliminary Report

. . . - _ _ , _ . _ . __ _- - __ ..-_. _ .__ __



_ - _ _
__

+

t

from time to time by additional senior personnel within or outside TVA to
provide special expertise in particular areas. Further, the Manager, ONP,
has requested that the SQN Nuclear Safety Review Board (NSRB) review the >

SNPP Volumes 1 and 2 and the actual status of preparation for restart of
Sequoyah units from a safety perspective. The NSRB has reviewed and accepted
the overall approach outlined in the SNPP. The Board also has reviewed the
special programs and certain secondary hardware issues and the onsite safety
review process, maintenance planning and procedure development. The Board !

will review the restart test program, and, on the basis of these reviews,
it will provide NSRB recommendations to assist the manager in his restart
decision. ,

The initial report has been reviewed by the staff. The NRC staff will review I

and evaluate W final report and the Independent Readiness Review as part of
the ongoing staff evaluation of the implementation of the Oper1tional Readiness
Review Program.

4.1.3 Conclusions

initially, the staff believed that TVA needed to clarify tre meaning of
hardware issues in the paugraph describing the restart pr3 requisite
verification elenent, in addition, provisions needed to te included to ensure
that TVA assesses hardware operability for the cumulative effect on system
performance. Overall the staff has concluded that the implementation portion |
of the operational readiness program represents a realistic and tystematic '

format to ensure that plant activities, programs, and commitrents required for
restart are completed. j

<

On the basis of its review, staff finds that this program is acceptable. As i
designed the program should provide the Site Director and Manager of Nuclear ,

Power verification that activities, programs, and comitments required for
restart are completed,

t

4.2 Management ;

4.2.1 Introduction

TVA's SNPP states that in the past there has been a lack of clear assignment ;

of responsibility and authority to managers and their organizations. To i

correct this weakness, TVA has reorganized the Sequoyah site organization. i

TVA also has taken specific actions to clarify each manager's authority and !
area of responsibility end to establish accountability. TVA also has programs
under way to improve the level of plant knowledge of plant managers and i

supervisors.

The staff has reviewed several efforts by TVA to improve the management and i
organization at Sequoyah and agrees with the type of programatic changes j
being trade. The staff inspected some of these programs during Inspection !

50-327/328 87-59; the purpose of which was to evaluate the management systems j
at Sequoyah by focusing on the following specific functional areas: ;

operations, naintenance, quality assurance, nodifications, engineering, and j
licensing. The inspection looked at the process by which TVA was implementing !

the comitments in Volume I and Volume 11 of the TVA Nuclear Perforunce |
Plan. ,

i
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4.2.2 Evaluation

4.2.2.1 Organization at the Sequoyah Site

Sequoyah site organization is orcanized into functional departments that
generally parallel the functional departments in TVA's headquarters Office
of Nuclear Powar. The functional alignrnent of the Office of Nuclear Power
is discussed in the staff's SER of the Corporate Nuclear Perfonnance Plan
(NUREG-1232. Volume 1). In that SER, the staff stated that corporate func-
tional area managers are responsible for the technical direction in each func-
tional area at each of the nuclear sites. The Sequoyah site organizction show-
ing this functional alignment is presented in Figure 4.1. Each site functional
dipartment is responsible for a di3 crete type of function.

The Sequoyah Site Director, through his organization, approves and controls
all activities conducted on site. The Site Director is responsible for plan-
ning, scheduling, coordinating, and providing direction for the activities of
the site organizations. The Plant Manager, Site Services Supervisor, Panager
of Projects, Planning and Scheduling Supervisor, Financial Planning Supervisor,
Radiological Assesssor, and Personnel Services Supervisor report directly to
the Site Director. The site Project Engineer, Licensing Manager Site Quality
Manager, Site Procedures Staff Manager, and Modification Manager report to the
Site Director for day-to-day functional supervision, but each of these individ- (

uals reports administratively and techi.ically to his director in the corporate
office. The Site Director maintains an interface with the Directors of Nuclear
Engineering, Nuclear Licensing and Regulatory Affairs, Nuclear Quality Assur-
ance Nuclear Construction, and other TVA organizations to ensure effective
implenientation of corporate goals and objectives.

The Sequoyah plant organization is showa in Figure 4.2. The Plant Manager is
responsible for conducting the day-to-day plant operations in corrpliance with
licensing regulatory requirements. A plant managerrent organization has been
implemented with a unit surerintendent assigned to operations and a unit super-
intenden' assigned to maintenance.

In summary, the staff considers the site organization acceptable and in ac-
cordance with the guidance of Section 13.1.2 of the Standard Review Plan,
NUREG-0800.

4.2.2.7 Responsibility, Accountability, and Authority

As described in the revised Corporate Nuclear Performance Plan (CNPP) the lines
of authority and responsibility have not always been clear. To correct this
preblen, TVA is revising the position description program.

The position description program is a continuing program that is constantly
being updated. After the organization charts and functional statements are
approved, a great many of the position descriptions will need to be rewritten.
NRC recognizes that this will be a large effort. Position descriptions have
been written for each rranager within the Office of Nuclear Power (ONP). Posi-
tion descriptions define the functions, responsibilities, reporting relation-
ships, and qualification requirenents for each ranagement position. Each

TVA SER Vol. 2, Part 1 4-5 Revised Prelininary Report
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position description will eventually be written according to TVA Procedure |
No. 0006.01, "Position /0rganization Control Process." The line manager is i

responsible for the position descriptions for managers and the job descriptions I

for non-managers. Jcb descriptions are essentially the same for non-managers |i

1 and ranagers. >

'

Organizational charts will include functional statements for each group
,

depicted on the chart. Interface agreements between organizations will definc ,

accountability and will be part of the organizational chart approval process.
Each organizational chart is being signed by the Director of ONP. The process

; provides strong centralized control of the organization development process. ,

, ,

;

i The Organization Charts Manual will be a controllad document that contains
i approved charts, thereby providing control. A position control system will

provide a number for each position within ONP. ,

6

4 In summary, the position / organizational control process establishes the controls
: necessary to develop and maintain position descriptions, job descriptions, i

j organization charts. and staffing plans. The process has very strong corporate |
management direction. However, because of the large number of organizations j

,

; and individuals involved, the process is moving slowly. |

4.2.2.3 Management's Level of Plant Knowledge j

| TVA has taken action at SQN to increase the level of plant knowledge in its |
line managers. Fi;ure 4.3 shows the staffing qualifications necessary for key i4

Sequoyah plant managers and supervisors. In addition, many other site super- |

; visors have received the systems portions of either managers and engineers .

certification training or STA training. |-

:

The Managers and Engineers Certification Program provides an opportunity for i
,

j individuals with a degree, who are considered to be potential candidates for
j upper plant management positions, to receive training necessary to gain simula-
; tor certifications. This program is designed to provide the trainee with an
i extensive knowledge of plant theory and operations. Included in the program

are 15 weeks of systems and theory training along with 7 weeks of simulator / .

i

| operations training. Candidates must pass comprehensive written and oral
: examinations similar in nature to SRO certification examinations before receiv-
j ing their simulator certification.

Technical training for technical staff and managers is one of the TVA training |
; programs accredited by INFO. Sequoyah Pracedure E02.17 describes the require- !

4 ments for the TVA Technical Staff and Manager Training Program, which is de- |

| signed to provide general technical training needed by plant technical perion-
nel. lt is not intended to supply discipline-specific training. The Management

| Training Program provides management and supervisory skill training,

i The first phase of the technical staff and managers training is called the
j orientation phase. The orientation phase is norinally accomplished within the
e first 18 months of holding a technical staff position. The following training
i is included:
.

l General Employee Training*

Plant Reference Material*

j TVA SER Vol. 2, Part 1 4-8 Revised Preliminary Report
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Nuclear Codes, Standards, and Regulations*
,

Plant Hodification and Work Control j*

Plant Systems and Components f
*

After-the orientation phase, several types of advanced phase training are i

available. Procedure 202.17 outlines the typical contents of Segment 1 and ;

Segment 2 and portions of the advanced phase training. j
IThese programs have resulted in increased management involvenent in technical
!training. The staff believes that these programs should contribute to the

overall technical and managerial capabilities of the Sequoyah managenant, ;

thereby enhancing plant safety. ;

4.2.2.4 Managerrent Goals and Objectives

The level of management involvement in controlling work practices has been j

inconsistent at Sequoyah in the past. To address this problem, the Manager of i

Nuclear Power established new goals and objectives, as listed below.
'

ensure that Sequoyah has a streng, effective management team with clear* ,

lines of responsibility, authority, and accountability j

fully implement required prerequisites for safe operation of Sequoyah*

bring Sequoyah back into operation expeditiously*

conduct operation of Sequoyah in a safe and efficient manner |*

!

create a working environment built on trust and confidence that will |*

permeate the entire organization |

Each of the stated goals is supported by several objectives to achieve the goal. !
i

The staff endorses the goals established for Sequoyah. While achievement of j
these goals would not, by itself, resolve all past problems that have been i

identified, it would produce an atnesphere conducive to resolving the control J
of work practices, t

}
4.2.2.5 Comunications

Since every employee has responsibility for safety, employees must receive and j

understand the relevant information. Therefore, the staff endorses the import- !

ance of comunication channels within SQN organizations as well as between |
Sequoyah organizations and coprorate offices. Inspection Report 50-327/328 ,

87-59 addresses these issues. In that report, the staff found that the com- !
munication channels at SON are adequate.

4.2.2.6 Procedures i
:

TVA has a program to upgrade all of its procedures to correct documented defi- |
ciencies, incorporate organizational changes, and reflect plant modifications. (
A short-term effort will fccus on the technical content and clarity of TVA's

*

nuclear operation and surveillance procedures. TVA intends that the long-term

TVA SER Vol. 2 Part 1 4-10 Revised Preliminary Report {
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.

;
; ,

!

L r

! procedures-upgrade program will ensure that recent industry and NRC concerns, !

such as human factors considerations, are properly addressed. {J

Long-term and short-term actions are under way to improve the plant proce- I

dures. Procedure development or revision is necessitated b !deficiencies or weaknesses in the existing procedures, (2) y (1) documented
i

results of conpleted i

| plant modifications and system walkdowns, and (3) changes in responsibilities !
.

| and authorities as a result of the organizational changes that have been made, j

4 The short-tem effort will consist of the development or revision of those >

procedures necessary to support plant restart. Changes that are not necessary
,

i prior to plant restart will be handled as part of the long-term procedure
upgrade program..

The long-term procedure upgrade progran is a corporate-wide effort that will |
'

exteno beyond restart of a Sequoyah unit. As part of this program, the
Sequoyah plant procedures will be incorporated into an overall five-tiered '
package of policies, directives, standards, procedures and instructions that
will govern the operations of TVA's entire Office of Nuclear Power. A Site
Proceoures Group has been established on a pemanent basis at Sequoyah to par-
ticipate in this long-range program. The group will assist the line organiza- ,*

tions in developing ano revising site procedures and instructions and will be
responsible for scheduling, tracking, editing, verifying, incorporating good
human factors practices, and coordinating the review and approval of site
procedures.

| An interim directive or plan has been tsued that provides a description of
1 the overall implementation plan for the TVA Nuclear Proceoures System. This i

j plan includes requirm ents that control both the transition period and the .

!implementation process. TVA has indicateo that its nuclear management has
placed increased emphasis on compliance with procedures and will monitor ,

i compliance. Supervisors must ensure that there are proper procedures in their
; areas of responsibility. Personnel performing the work must follow the appro- ;

priate procedures or initiate management approval for a temporary change to ,

the procedures. The nuclear headquarters staff and the site QA manager are to ;'

unitor compliance with procedures when they conduct their plant performance !
1

assessment activities.

On the basis of its review, the NRC staff finds TVA's proposed actions
i acceptable,
j
! 4.2.2.7 Management Training

Management training is conducted by the Management Training Branch, which
is part of the Division of Nuclear Training, but also reports directly to the

j Manager, Nuclear Power. The primary functions of the Management Training

|
Branch are listed below,

develop productive supervisors j
l I

| increase utilization of appropriate ad efficient supervisory skills |
'

|

assist supervisors / managers in moving from a reactive management style to*

a proactive management style
!
i |
i
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'
facilitato the development of consistent managerent throughout the ONP*

| The Management Training Branch personnel document and track training perform-
| ance of supervisors and managers within CNP. In addition, the Branch evaluates

the training as it is conducted and provides feedback to line management.
' .

Each of the core courses is taught by TVA although vendors may be involved in
such thinos as the printed materials. The core courses are Orientation to >

d

Nuclear Supervision, Supervisor Developnent Course, and Managing for Excellence.
-

On the basis of its preliminary review, the NRC staff finds the management i
training program acceptable.

4.2.3 Conclusion

On the basis of its evaluations, the NRC staff concludes that TVA has accept- +

;

ably addressed the Sequoyah-specific ranagement concerns and weaknesses.

4.3 Quality Assurance

4.3.1 Conditions Adverse to Quality (CAQs) :

'

TVA has acknowledged that it had not always taken timely action to resolve
conditions adverse to quality in its nuclear activities. This problem included i

a lack of upper-level management involvement and a lack of timely processing
,

i
; of conditions adverse to quality involving multiple organizations.
a

} TVA took actions to improve performance, including those listed below.
4

standardization of CAQ reporting and of the nethod used for determining*

significance j
)
'

autcratic escalation to higher levels of management when the timeliness or*

responsiveness at lower levels is inadecuate to resolve the CAQ

i training of personnel on use the of new CAQ process*

frequent status meetings'

j procedure changes requiring prcmpt assessrent of safety significance'

j when a CAQ is identified

The staff finds that the measures described in the SNPP (Section 11.2.5) for 1

handlin NRC inspections (see Inspection Report 50-327/328 i
87-55) g CAQs are acceptable.have shown that significant management attention is being directed toj

3
j

j this program but that problems still exist that will take time to fully resolve, i

These problems include additional employee training, accurate problem tracking, .

'

and general procedure cor:pliance, j
4

|

4.3.2 Quality Assurance Program

The TVA organization for quality assurance (QA) ttat has been in use since
3

t mid-1976 is described in a Topical Report TVA-TR75-1 entitled, "QA Program
!
|
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Description for Design, Construction, and Operation of TVA Nuclear Power ;
;Plants." This report contains organization charts, a description of the
'

organization, and the QA responsibility assignnients. The staff has reviewed
and approved program revisions that have been submitted by TVA. Hcwever,
although the staff accepted each QA program described by TVA, problems were
encountered in program execution, and the staff's systematic assessment of f

licensee performance (SALP) reports for TVA nuclear activities from 1980 L

thrcugh mid-1985 showed a need to improve QA. |

As noted in the revised SNPP, TVA's nuclear QA and quality control (QC) func- !

tions had not been effectively unified in a single department. One nuclear QA ;
organization was responsible for conducting corporate-level audits, a separate

1 nuclear QA group within the construction division was responsible for inspect- :

ing construction activities, and a third nuclear QA group within engineering
was responsible for conducting audits of engineering activities. To further
compound the problem, each nuclear site had its own QA group responsible for -

QA/QC activities at that site. As a result, TVA's nuclear QA activities were ,

not conducted according to a consistent set of programs and procedures, and the r

QA groups reported to various management groups within TVA, thereby diminishing -

4

the visibility and importance of these activities to top-level management. As'

a result, the staff believes that the QA program has not always been implemented i

on en effective, consistent basis.
!

The staff evaluation of TVA's Sequoyah Quality Assurance Program is based on a .

review of SkPP Section 2.6, "Quality Assurance." |

Under the new organization, the responsibility for all nuclear QA/QC functions I
has been consolidated under the Director of Nuclear Quality Assurance, who :
reports directly to the Manager of Nuclear Power. This responsibility includesa

! all QA/QC activities related to engineering, construction, and operations, as i

! well as QC inspections of construction and maintenance / modification activities. ,

1
i A standarized TVA QA program, nuclear quality standards and directives, and i

model QA procedures for the sites are being developed. The standard nuclear .

'
QA program is to be implemented at each site, with site-specific adjustments

! allowed only if (1) they do not degrade the level of quality provided by the
j standard program and (2) they are approved by the Director of Nuclear Quality |

Assurance. :-

i

i The staff concludes the overall revisions to the TVA nuclear quality assurance |

nrogram as generally described in the revised SNPP represent QA programmatic j'

improvements and, if properly implemented, are acceptable. |
~

TVA submitted to Region II (May 1986) a revised and upgraded version of its QA !
1 topical report for NRC review. The repcrt described the then-current organiza- |

tion and QA procedure system. After a review of the report and a meeting with
TVA representatives, the staff forwarded a request for additional infomation
to TVA. TVA revised the topical report to address these staf f questions and
to fully reflect the organization of the Office of Nuclear Power.,

!

Detennining if the changes in the TVA QA topical report will resolve past i4

problems can only be done by observing TVA's perfort:ance over an extended
1 period. As noted above, the prcblems in TVA's nuclear activities occured under

a previously approved QA program; however, that program was not implemented ]
) i

i I
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the way it was described. Thus, it is important to note that the staff's re- |,

; view and acceptance of the QA topical report means only that TVA's commitments !

| meet the programatic requirements of 10 CFR 50, Appendix B, as described in '

j Section 17 of the NRC Standard Review Plan (NUREG-0800). The staff will
i assess whether those comitments are fully and effectively met in its ongoing i

oversight and inspection of TVA's technical and QA programs. Because of TVA's ,

past problems in the QA area, the Region 11 staff approved this revision (Revi- :
; sion 9) to the QA topical report on January 30, 1987, for a period of 2 years. L

! The staff's cecisien on extending the approval of the topical report will |
!depend on how effectively TVA implements the program.

i On the basis of its review, the staff finds that the Quality Assurance Program |
is acceptable as described. |

1

4.4 Operating Experience Inprovement
1

Item C.3 of Enclosure 2 to the 10 CFR 50.54(f) letter requested a detailed |
description of the Sequoyah Operational Readiness Plan. In response to this .

request, TVA describec~ operating experience actions (in terms of enhancements |
.

nade through reactor trip reduction, limitation of spurious engineered safety
f eatures actuations, review of the Davis-Desse event for lessons learned, and
review of nuclear operations experiences) in the SNPP. Each of these enhance- ,

ments is addressed below. [

' 4.4.1 Reacter Trip RedLction

From initial criticality to the present shutdown, the number of reactor trips
: for Units 1 and 2 has bef.n 83 and 53, respectively. To reduce unnecessary !

challenges to the reactor protection system and increase plant reliability. TVA |

,

established a reactor trip reduction program using input from vendor and other :

j nuclear industry organizations.

] The staff reviewed Sequoyah's reactor trip reduction program during a special
! NRC team inspection (Inspection Report 50-327/328 85-46). The program consisted |

of an evaluation of the areas identified in the Institute for huclear Pcwer ;

i
i Operations (INPO) report, "Scram Reduction Practices" (INP0 85-11), dated

November 21, 1985. The TVA evaluation addressed in detail each of the INP0 t

|| items and identified which were being implemented and which were standard |
practice.

!

TVA identified 27 trips at Sequoyah that have occurred since January 1,1984, |
,

J and categorized them as follows:
i

i equipment nalfunction or failure 13 trips*

1

manual feedwater control of steam generators 8 trips*

i

! personnel error 5 trips*

|

) irexperience with single element controller 1 trip*

i for steam generator feedwater bypass regulating
j valve
,

!
l
:
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The root causes of the 13 trips associated with equipment malfunction or fail-
ure were identified. Long-term corrective actions consisting of preventive !

'

maintenance, design reviews, and posting of warning signs to prevent recurrence
were taken for five trips. (No long-tenu corrective action was felt appropriate
for the remaining eight trips.) Structured to reduce these types of equipment
malfunction / failure-induced trips, TVA's preventive maintenance program includes,

4

the folicwing:

| Critical plant equipment that can cause scrams is inspected anc tested*

I
; during each refueling outage.
i

1 Vendor simulators are used for testing systems,*

i Preventive maintenance on important equipment is minimized while the*

plant is operating.
J

Instrumentation and control (l&C) technicians verify that control systemsJ '

i are functioning properly by stroking components through their full range, e

Major equipment perfonnance is monitored so anticipatory corrective action*

can be taken before a scram.<

A design change to provide autenatic control of feedwater bypass regulating
valves was installed to reduce the trips that occurred from manual control

: during startup and shutdown evolutions. Additional feedwater system modifica- '

tionc made as a result of the Davis-Besse event will improve the auxiliary
feedwater system reliability.

1 To address those trips caused by personnel errors. TVA has implemented the
! following additional training:

;

I&C technicians receive a half day of systems training each week as part*
2

! of the continuing training program. ,

a

Simulator training is provided for I&C technicians, engineers, and certain f*

maintenance personnel based on availability of stimulator, j
3

i

hewly hired technicians must complete a certification program that in- i; *

cludes procedures, policies, system training, and practical factors.1

Certification must be completed satisfactorily before a technician perfoms

|
unassisted testing, j

:y

i On-the-job training is conducted by a foreman as part of the training / (*

] cualification process. j

!

Vendor training programs are used for critical plant equipment (e.g., !) *

electro-hydraulic control, governors, and motor-operated valves). |;

!

Operations personnel receive training on plant modifications before new4 *
i

equipment is placed in service. (Single element feedwater controllers"

i have been added to the Sequoyah simulator and are used during operator i

j retraining.) |

1 !

! !
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Trainees, including available auxiliary operators, observe and, in some*

cases, receive hands-on experience during such plant evolutions as
startup, synchronization, and shutdown in the control room.

Operations personnel are given additional in-depth training on balance of"

plant equipment.

TVA has implemented the following practices to reduce plant trips through
increased personnel responsibility and enhanced root-cause deteminations:

beginning to assign a system enginte- 'o be responsible for each plant'

system
f

perfoming a comprehensive post-trip review for each reactor trip*

delaying startup until a multi-discipline committee reviews the trip to*

detemine the cause and impluentocion of corrective actions (A historical
data base is maintained to allow analysis and trending by scram cause
codes.)

participating in the Westinghouse Owners Group, which has a program for'

investigating each scram

As documented in the SNPP and the special NRC Inspection Report 50-327/328
85-46 TVA has taken positive steps to improve plant reliability through trip
reduction. Based on its review of the SNPP and the infomation gained from the
special inspection, the staff has concluded that the actions taken by TVA to
reduce reactor trips are acceptable.

,

4.4.2 Limitatien of Engineered Safety Features (ESF) Actuations

To reduce unnecessary challenges to safety systems and maintain system avail-
ability, TVA has an established program to limit spurious / unnecessary ESF
actuations.

In 1985, the number of spurious unnecessary ESF actuations was significantly
reduced from the number that occurred in 1984. The main contributors to the
number of ESF actuations historically have been containment ventilation isola-
tions ano auxiliary building isolations caused by spurious and inadvertent
radiation monitor high radiation trips. To reduce the number of isolations,
TVA initiated several actions.

One of the actions taken by TVA was to have the Chemical Engineering Section
revise the sampling instructions to coordinate activities with operations, and
to block the applicable radiation monitor channel before changing filter paper

: or obtaining air samples. Additionally, proper sample flow on monitors is
ver'fied once per shift, thereby limiting spurious high radiation actuations
due to sample ficw switch actuation fren low flow conditions.

.

Other actions have included raising the set 9 its for the noble gas channels
of the upper and lower containment monitors %t 20 percent to 40 percent of
the allowable value of the technical specif cation. NRC has approved a tech-4

nical specification change to raise the set point of the fuel pool radiation
:
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monitors to further reduce the number of auxiliary building isolations caused i

by movement of contaminated trash and elevated background radiation levels.
!Tine delay relays have been incorporated on the vent monitors in the contain-

ment, control room, auxiliary building, and fuel pool to reduce the impact of :

*hort-duration electrically induced spikes on these radiation monitors. The
waneral Atomic RP-30 radiation analyzer has been modified on the noble gas and
air particulate channels to operate with an upper level and a lower level
discriminator, and radiation monitor signal cables have been installed in
conduit on all ESF and effluent radiation monitor channels. ;

ihe spurious and unnecessary ESF actuation reduction program has been effective
in reducing the number of actuations caused by electrical noise. Although the i

program has been less effective in reducing personnel errors during testing i

activities, centinued upgrading of the implementation of this portion of the r

progran will help to increase its effectiveness. !

iOn the basis of its review, the staff finds TVA's' program to limit spurious and
unnecessary ESF actuations acceptable.

r

4.4.3 Review of Findings From Davis-Besse Event

TVA assigned a task team to evaluate NRC Generic Letter 85-13, which trans- ,

nitted NUREG-1154 in response to the staff's findings of the June 9, 1985 [
Davis-Bessie event, and an INp0 report entitled "The Operational Performance

-

of Auxiliary feedwater (AFW) Systems in U.S. PWRs 1980-1964."
!

A special NRC inspectinn team (Inspection Report 50-327/3885-46) reviewed
TVA's evaluation of huREG-1154 and the INp0 AFW report. TVA's evalcation |
adoressed the significar.ce of the Davis-Besse loss of main and auxiliary feed- t

water event with respect to Sc?Joyah. TVA used the INPO report to review the |

Sequoyah AFW system for problems that have been experienced by other utilities. -

As discussed in the ShPP; the nine maior topics f rom the Davis-Besse event that
were evaluated are listed below.

'interaction of plant security features and operator actions*

availability of shift technical advisors (STA)*

reliability of the AFW contairment isolation valves and other safety-'
1

related valves j

reliability of AFW pump turbines*

reliability of power-operated relief valves*

adequacy of control room instrumentation*

adequacy of plant procedures*

adequacy of safet) system testing*

acceptability of current safety assessment methods*
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The NRC inspection team confirred that the interaction of plant security fea-
tures and operator action problems that occurred at Davis-Besse would not have
occurred at Sequoyah. Additionally, the STA would be available at Seouoyah
during such an operational event.

Unlike Davis-Besse, Sequoyah's AFW system does not have any containment isola-
tion motor-operated valves (MOVs). However, reliability problems with other
MOVs in the AFW system, as well as with the main feedwater isolation valves,
h6ve occurred as a result of inproper limit switch settings. TVA is implen.ent-
ing increased MOV maintenance, and the motor-operated valve and test system
(M0 VATS) is being used to adjust limit switch settings.

Operator training sessions have been conducted with the Unit 1 turbine driven
auxiliary feedwater pump covering problems experienced by operators during the
Da>is-Besse event, and a laminated sign has been installed near the turbine
throttle valve with a drcwing of mechanical overspeed trip. Managerrent has
indicated that all operators will receive training of a similar nature before
startup of either unit, and annual simulator training on a complete loss of
feedwater (normal and emergency) has been implemented.

Sequoyah surveillance programs provide some assurance of operational readiness
of the power-operated relief valves (PORVs). However, TVA does nct support the
automatic block valve closure suggested in NUREG-1154 as a potential remedy
for P0RV failures. The acoustical monitoring instrumentation for both units
is located in the corr'on area of the control room, approximately eouidistant
frcm the Unit 1 anc Unit 2 controls. TVA has evaluated the adequacy of the
location of the acoustic rnonitors and the pressurizer tail pipe temperature
indicator during the detailed control room design review. TVA will relocate
the acoustic monitors to the panels that contain the tail pipe monitors. The
staff's stfety evaluation report assessing the adequacy of the control room
design review and TVA's corrective actions was issued on August 27, 1987.

TVA's evaluation of NUREG-1154 shcws that the Davis-Besse event should not
occur at Sequoyah because of several differences. Sequoyah's design provides
two motor-criven and one turbine-driven AFW pump per unit, as opposed to
Davis-Besse's two turbine-driven pumps. Also, Davis-Besse only has two steani
generators where Sequoyah has four, with only one required for decay heat
removal. /cditionally, Sequoyah does not have an automatic systen like Davis-
Besse's steam and fecdwater rupture control system, which could allow a single
operator error to totally isolate AFW. Total isolation of AFW at Sequoyah
requires several deliberate manual operations for each AFW pump and could not
be accomplished by a single operator error.

On the basis of its review, staff finds the TVA actiens in response to Generic
Letter 85-13, combined with its AFW reliability improvement program, are
acceptable.

|

4.4.4 Review of huclear Operations Experience l
l

In January 1985, TVA transferred the responsibility for experience review to !
the site. At that tine, Sequoyah assigned tht Site Services Group the func-
tion of handling such items and made several progran improvencnts, i
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The staff reviewed the nuclear operations experience feedback program during a
special NRC team inspection (Inspection Report 50-327/32885-46). Improvements
to the program include the following:

The procedure covering experience review was rewritten.*

A formal computer system was initiated for the tracking experience*

review items at the site until they are closed out.

A system was set up for putting together "packages" on Sequoyah events and*

making this infomation available to other utilities and TVA plants.

Provision was made for consolidating site experience review information*

into one file. This will facilitate the tracking of evaluations and other
actions en individual review items.

Provision was made for Sequoyah items to be routinely romunicated to*

other TVA nuclear facilities for their experience review, including nuclear
network releases on Sequoyah events, licensee event reports, and studies
that may be applicable to other plants (e.g., auxiliary feedwater study).
When items are received frem other TVA nuclear facilities, they are
evaluated on site for applicability to Sequoyah.

Provision was made, since September 1985, for the Sequoyah plant manager*

to participate in a regular weekly conference call with the Browns Ferry
and Watts Bar plant managers. The purpose of the call is to exchange
infomation on operating experience, programs initiated, and other
activities at this management level.

Inspection findings have indicated that the revised procedure is vague on how
the operating experience received outside 1VA is being processed to differen;
departments within the Sequoyah organization. However, TVA's Division of
Nuclear Services receives operating experience information frein outside the TVA
system, such as NRC generic letters, information notices, and bulletins and :

INP0 reports and vendor letters. This infomation is then routed to various i
;departments, including the TVA Training Center, and to the training shift

engineer. A senpling of this process indicates that the inforration is being
provided to the operators.

!

TVA's SNPP addresses measures to improve dissemination of infomation on operat-
ing experience. A site nuclear experience review progran (NERP) has bee'1 )

'established as part of the ccrporate prnoram managed by Nuclear Licensing and
Regulatory Affairs. The site licensing organization interfaces with the
corporate NERP to disseminate infomation to operations and engineering depart- '

ments. The training department reviews operating experience items to incorporate ,

!them into the training programs.

Based on a selective sample review of TVA's operator experience feedback
process, it is apparent that the necessary information (e.g., operating experi- ,

ence reports and plant modifications is being provided to the operators. These !

program improv ments should enhance the program. Accordingly, the staff consi- |
ders the feedback program acceptable.

!
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4.5 Fost-Mootfication Testing

Past NRC inspections have identified problems with respect to the acequacy of
testing on systems and cornponents following nodification. TVA assembled a task
force to review the Sequoyah post-modification testing (PHT) program. The
task force examined 124 completed engineering change notices (ECN) to check
the testing that was perforned. in addition, TVA comitted to review all
Unit 2 or comon ECN packages associated with the systens that are within the
scope of Phase I of the design baseline verification program (DBVP) that have
been issued since Unit 2 received its license. These TVA prograrns are
discussed in Section III and Appendix 2 of the SNPP.

The staff inspected modification testing July 28 through August 1, 1986 (Inspec-
tion Report 50-327/328 86-43). Two violations were identified with respect to

failure to specify a required surveillance test in the work package and it: proper
changing of FORC-approved procedures. In response to the PMT task force re-
view and the hRC notices of violation, TVA has irnproved its plant procedure on
PMT. Training also eas conducted on specification of correct testing in the
work plans.

TVA conducted a review of all work plans issued after the post-modification
task force and the DBVP reviews and identified a total of 117 rnodificaticns
that will need additional testing to dccument functional crerability. The
staff is following the scheduled testing as discussed in Inspection Report
50-327/328 87-30.

The staff subsequently conducted a reinspection which examined 16 CBVP sy(ste:nevaluation reports for adequate screening by TVA of work plans and ECNs Inspec-
tion Report 50-327/32887-18). While isolated deficiencies were identified, the
staff's overall conclusion was that the licensee had adequately determined
testing requirerents for previous modifications.

The stiff concludes that the programs instituted by TVA to address post-
trcoification testing are acceptable.

4.6 Surveillance Instruction Review

4.6.1 Introduction
'

Staff reviews and audits of Sequoyah surveillance instructions (sis) identifiec
| technical anc administrative weakncsses in these instructions. To rerredy these

weaknesses TVA has undertaken a corrprehensive and disciplined program to re-
view and revise these instructions. The program has undergone several evolu- .

tions since it was initiated in the surmer of 1986. These changes have resulted |
in increasing the technical and administrative depth of reviews, the scope of 1

reviews, the independent evaluations of the process and its products, the field
,

1 verification of sis and their supporting instructions, and the technical content
dnd specificity of sis. The staff has evaluated the program that has existed

j since January 1987, which includes the irrprovements and was discussed in TVA's
March 24, 1987 submittal and in Section !!.2 of the SNPP. !

|

| 4.6.2 Evaluation i
i

'

The staff assessment of the descriptise material providing the basis for the 1

TVA pregram to review and revise certain Sequoyah Unit 2 sis that iraplement i

1
'
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technical specificatien surveillance requirerents before restart included the
scope, methodolony and organization of TtA's-surveillance review and revision
program. The staff also conductea inspections in this area as discussed in
Inspection Reports 50-327/328 87-36 and 87-50.

The basic objective of the SI program is to ensure all technical specification
requirements are addressed and that the Sts and their supporting instructions
covered by the program scope are technically adequate to fulfill the surveil-
lance requirements of the technical specifications, have an appropriate level
of dependence en the skill of the perforrer of the instruction, and comply with
basic administrative requirements that make performance of the Si reliable.
This program will be completed before Unit 2 restart.

Although the ctoff concurs with TVA's objectives. TVA should define the skill
level required to write, revise, and review the surveillance instructions and
supporting procedures and TVA should describe, including starting and comple-
tien dates the long-term program which will be undertaken to ensure complete
administrative consistency, achieve standard format and organization and make
other improvements and enhancements as are determined to be reeded.

The scope of TVA's review program includes those technical specification sis
and supporting instructions that are required for startup, operation, and safe
shutdown of Sequoyah Unit 2 to the coint of the next refueling. The licensee
noted that the criteria for determining which instructions would not be included
in the SI program prior to restcrt were provided in a memorandum separate from
the SI review program. During NRC inspections, the staff reviewed those proce-
dures not in the restart scope and did not identify any cases which were
considered necessary for restart.

TVA has indicated that some instructions that are not required for startup and
oper3 tier. will be reviewed using the latest SI-1 Appendix F (Part 1) checklist
to cenfirm that the instruction was adequate for its last performance; this
review will be completed before restart, if this review indicates that the
instructions are not technically adequate to verify equipment operability,
these instructions will be revised and another review perforred before restart.

The program rethodology end the governing organization, required training and
qualification, and instruction validation and verification are discussed below
with staff coments, as required.

The program is under the control of the Plant Manager, and it is irrplemented
by the estabitsbed plant organizatior under the day-to-day dirtction of the
Instruction Review Project Manager.

The site procedures staff performs the functions of typing (wcrd processing),
process control to rrove th6 revised instructions through the various parts of
the cycle, and process tracking to naintain visibility of progress. The Plant
Manager approved list of instruction to be reviewed and identifies any
deficiencies for tracking to ensure that they are resolved.

Whichever section is respersible for a particular instruction performs the re-
view, produces the revised instruction, and validates it. In some cases the
validation of the instruction is perforned by a section other than the section

l
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responsible for instruction preparation because the second section is normally ;

responsible for perfomance of the instruction.

The Technical Support Section (TSS) ensures that personnel are appropriately
traired to perform the review in accordance with the established checklist
and that the review is properly documented. This section ensures that there
is an $1 to satisfy each applicable technical specification surveillance
requirement; in cases where the surveillance requirerent is satisfied by more
than ene instruction (each instruction partially satisfying the requirenent),
this srction ensures that the group of instructions fully satisfies the
surveillance requirement.

The staf f concludes that since most of the persornel perfoming the review had -

previously approved ouestionable instructient, it is appropriate for TVA to
specify the training / screening process used to ensure that reviewirg personnel
have adequate sys6 ems knowledge and expertise in their assigned areas.

An independent review group (IRG) is respc lble for verifying that the check-
lists used to detemine the need for instruction revision have been properly
completed and for verifying that the reviews are perforced by trained and .

'

qualified irdividuals. The IRG ensures that updated drawirgs are appropri-
ately reficcted in the S!s whenever these affect the instruction. The IRG also
conducts independent technical reviews of a sample of the revised procedures to
ensure that progre objectives are being r'et. The IRG selects the instructions

'

to be reviewed so that representative instructions are sarpled, but the IRG
also rey perfom the functions of qualified individual reviews while perferring
such indrpendent reviews, As of the first week in March 1987, the IRG had per-
forved 186 indtrendent reviews for the primary purpose of icertifying defici-
encies in the detailed process and approach being u nd by the responsible
section. These reviews were conducted at various stages in the section re-
visinn and approval process so the problems could be renedied at the earliest
possible time. The IRG provided written cent.ent to each responsible section.

The future activity of the IRG will concentrete on review of int : ructions after
itey have been released by the responsible sectiers into the approval cycle.
The IRG will review about 10 percent of the instructions introduced into the
approval cycle.

The site quality assurence (QA) organization reviews instructions during the
Plant Operations Peview Conraittee (P0pc) approval cycle and perfoms program
surveillance. In addition, QA is perfoming technical reviews of selected ;

instructions to ensure that the program is achieving its objective. Since the
'

program began in tre summer of 1986, CA performed technical reviews of instruc- i

tions in various stages of the revision and approval prccess and detemined 1

that progran changes were necessary; its contents wtre provided and changes I

were impicmented. To provide additional assurance that the program objective |
'

is being achieved. 0A will perfom a technical review of at least 10 percent
of the instructions that have been submitted for PORC approval.

The prcgram calls for a detailed checklist to be used during the technical
review of an instruction to identify technical deficiencies. Fart I of this
checklist fccuses on the technical edequacy of the thstruction, with an I
operability evaluation being perfomed only if the instruction is found to be

i
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technically inadequate. Part !! of the checklist focuses on the administra-
tive adequacy of the instruction, but all items within this section do not
need to be fulfilled to ensure instruction adequacy. Part 11 of the check-
list does not have to be completed for this program. Certain items in Part 11
of the checklist, such as SRO approval to perfom the test and verification or
double verification signoffs, stem from other documents and are checked to
ensure necessary compliance.

A number of sources identified instruction deficiencies that needed to be
remedied. These sources include INP0 reviews, NRC inspection reports, employee
concern reports, QA deficiency reports, corrective action reports, conditions-
adverse-to-quality reports, and audit reports. These deficiencies are listed
and tracked by the site procedures staff in a temporary tracking systen. This
staff ensures that these deficiencies are satisfactorily resolved, as appro-
priate, when the instruction is revised. Such deficiencies include correct
identification of site organization and organizational respcnsibilities.

The developed checklist is used during the training for personnel performing
the reviews. Post of the involved individuals (about 80 percent) received
this training on December 10, 1986. The renaining personnel received training
using the training package at other times. The list of trained personnel is
maintained by the IRG and is used to ensure that the evaluations of instruc-
tions using the checklist are performed by these personnel. This appears
inconsistent with the description of the duties of the IRG in the organization
description where it is stated that the TSS will ensure appropriate reviewer
treining takes place and is documented. It is not clear why the roles of the
two groups are indicated this way. The staff believes that IRG also should
verify that training has taken place to ensure that the reviewers are indeed
trained.

Reviews of the procedures revised by the responsible sections are performed as
part of the onsite independent review, as specified in Sequoyah Nuclear Plant
Standard Practice SQA21. SQA21 lists the organization members of the PORC and
identifies the qualifications of individuals who may function as cualified
individuals in the perforrance of review. The appendix to SQA21 lists the
individuals (by name) who meet the requirements and have been approved by the

,

Plant Manager as qualified to perforn qualified-individual reviews.

Validation and verification are important activities that help to ensure that
the program objective is accomplished. The fundamental purposes of the vali-
dation and verification activity are to ensure that the instruction is correct
and accomplishes the intended purpose, that the instruction is clear to the
perfomer, that it is written to a sufficient level of detail, that the plant
equipment and instruction identifications are consistent, and that the instruc-
tion can be accomplished by the performer without reference to infomation or
consultation with personnel not indicated in the instruction.

The technical specifications do not permit full performance of a surveillance
instruction that involves manipulation of equipment and changes in critical
safety system components (CSSC) configuration until the instruction has been
approved. TVA has reviewed the plant conditions and technical specifications
and has not found a reasonable justifiable approach to satisfy this interpr.?ta-

~

r

tien and constraint. In addition, there are some instructions that cannot be
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validated by perfomance until applicable plant condir. ions and configuration
are attained.

TVA has adopted a progressive validation and verification approach that obtains
the best validation and verification permitted by plant conditions and the
approval status of the instruction. During the latter stages of instruction
preparation, the responsible section will perform or has perforred nonmanipula-
tive valkdowns to confirm that the instruction is correct. Once the instruc-
tion has been through the approval cycle and appropriate plant ccnditions are
attained, the responsible section will perform or has perforced a validation by
actual performance. TVA anticipates that performance may involve temporary
changes in the instruction because some deficiencies may not reasonably be
discovered without performance at requisite conditions. Any such changes will
be made according to approved procedures. This would only be acceptable to the
staff if, after the problems were resolved, those temporary changes necessary
for perfomance of the surveillance instruction were permanently incorporated
into the affected instruction, the revised instruction is approved by PORC, and
the newly revised / approved instruction is then perfomed satisfactorily out in
the field.

In addition to the validation and verification activities described above,
this program involves an independent sample review of sis by personnel not
involved in their preparation, review for approval, or performance. These
personnel will review a 20-percent sample of the sis for clarity and complete-
ness, and they will observe the validation (walkdown or performance) of at
least 10 percent of the instructions in the field to help ensure that they are
performed as written. The guidelines for this activity are drown from "Proce-
dures Evaluation Cbecklist for Maintenance, Test and Calibration Procedures
Used in Nuclear Power Plants," NUREG/CR-1369, Revision 1 (September 1982). This
activity also has a progressive character as a result of plant configuration
limitations, but it will be performed only with approved instruction. The staff
has d ermined that the program should clearly indicate the necessary qualifi-
cati .s of personnel who will be used to perform tnis independent sample review
of sis. Since such personnel are not involved in the preparation, review for
approval, or perfomance of these surveillance instructions, the program should
explicitly define the persons allowable relationship to the surveillance
instruction and the required level of training and expertise for these ancillary
reviewers.

4.6.3 Conclusions

On the basis of its review and the NRC inspections, the staff concludes that
the Surveillance Instruction Review and Revision Program has produced adequate
procedures to support Unit 2 startup. However, the staff believes that the
program for lorg-term contrcl of surveillance instruction upgrades, including
resolution of the issues of temporary changes, qualification of reviewers, and
schedule, needs to be provided to completely resolve this issue.

4.7 Operability "Look Back"

As a result of violations regarding the adequacy and timeliness of corrective
actions for repetitive equipment failures and out-of-tolerance conditions,
the licensee implemented a trending and tracking program at Sequoyah (see also
Section 4.8. Paintenance). Because this program was geared toward identifying ,

!
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future deficiencies, the staff raised concerns regarding potential operability
questions resulting from past, undetected, repetitive failures. TVA committed
to conduct an operability "look back" review, as described in its submittal of
December 12, 1986.

The operability look back rrogram was designed to identify adverse conditions
associated with equipment operability, to evaluate the safety significance of
these cor. 'tions, to document the effectiveness of corrective actions, and to
propose further corrective acticns where :lecessary. Data was collected from
maintenance-related potentially reportable occurrences (PRO) and from interviews
with senior plant engineers. The review process identified 44 conditions with
corrective action recommendations requiring resolution before restart. An
additional 163 issues were identified for corrective action after restart.

NRC inspection and assessment of the Sequoyah operability icok back review pro-
gram was performed the week of April 27, 1987 and is documented in Inspection
Report No. 50-327/328 8/-24. The inspection staff perfomed a detailed review
of the issue sumary packages for two systems, selected revicws in other areas,
as well as a review of 44 restart items. Additionally, interviews were con-
ducted with the reviewers and other plant personnel.

The staff concluded that the scope, guidelines, and implementation of the
Sequoyah operability look back review program satisfactorily accomplished its
intended purpose.

4.8 Maintenance

4.8.1 Introduction

Previous NRC inspections at TVA nuclear units indicated programmatic defi-
ciencies in the site maintenance programs. These findings are documented in .

systematic assessment of licensee perfomance (SALP) reports for the TVA |
nuclear plants and in numerous inspection reports. TVA conducted a detailed l
review and reassessment of maintenance perfomance beginning in March 1987. 1

The review, including findings contained in the most recent SALP report, NRC |
notices of violation, licensee event reports (LERs), the latest INP0 evaluation, !

internally identified findings, and applicable Davis-Besse issues. These
progrannatic deficiencies have been attributed to (1) management problems in
the development and administration of appropriate controls for maintenance of
nuclear safety-relatcd couipment, and (2) the failure to in.plement effective
ard timely corrective action when problems have been identified.

In Revision 1 to the SNPP, TVA discusses specific problens identified by the
NRC and TVA that have existed at Sequoyah. These deficiencies include failure
to implement appropriate preventive maintenance programs, failure to provide
adequate planning of maintenance activities, and inadequacies in the training
programs for the corporate and site personnel involved in maintenance activities.

1

To further assess the maintenance programs at Sequoyah, TVA's Manager of ;
Nuclear Power directed TVA's Nuclear Manager's Review Group (NMRG) to conduct '

a comprehensive assessment of corrective and preventive maintenance practices. ;

1

|
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As a central part of their corrective actions, in part to address the results
of this report, TVA will increase maintenance management involvement by
stressing personnel accountability. This will be accomplished through

better review and inprovement of maintenance procedures,

placing emphasis on trending equipment failures and preventive maintenance*

requiring improved training of craft personnel
monitoring and use of established performance indicators

4.8.2 Evaluation

The NRC staff evaluated the scop.., organization, and methodology of TVA's
maintenance program and found it to be adequate.

NMRG Study Findings

The NRC staff has reviewed the scope and findings of the NMRG study of Sequoyah
maintenance and finds that it was a comprehensive evaluation of the maintenance
programs at the TVA sites and corporate offices. The performance areas re-
viewed were based on those identified in the INP0 guidelinas for the content of
maintenance at nuclear power stations and included competent program 1atic re-
views and field observations of maintenance activities. The staff noted that
the findings of the NMRG study closely parallel those findings identified by
HRC inspections.

The NMRG study states that the most significant improvement areas needed, in-
cluded the aggressive correction and prevention of hardware problems, corporate
involvement in nuclear maintenance, and implementation of challenging goals
and objectives for maintenance. The discussion on correction and prevention
of hardware problem cites the diffusion of responsibility for maintenance
control and checks, the lack of aggressive and coordinated efforts to solve
problems and a lack of clear accountability for solving specific problems.

Specifically, the NMRG found deficiencies in corporate involvement in the main-
tenance program, inadequate training and qualifications of planners, preventive
maintenance program deficiencies, inadequecies in maintenance instructions and
the performance of instructions and work requests, deficiencies in the planning
and scheduling of maintenance, inadequate control of maintenance activities,
failure to provide adequate post-maintenance testing, problems with materials
suitability, inadequate control of maintenance tools and equipment, lack of
management involvenent in cngoing maintenance activities, incomplete maintenance
history programs, a failure to use trending techniques to guide maintenance,
ineffective quality assurance reviews of n'aintenance, and a lack of follow-
through on corrective action for maintenance deficiencies.

TVA's maintenance plan addresses the findings of the NMRG report and also
addresses the role of SQN plant management in emphasizing adherence to SQN
procedures. TVA's actions to address the hMRG findings are discussed below.

Agressive correction and prevention of hardware problems

SQN has reviewed the technical specifications and the FSAR for maintenance
requirements; corrective action for deficiencies noted in the maintenance
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program are being implerented (SNPP Section 11.4.3.2). This will be
completed before restart.

'

SQN has established a Maintenance Planning Section under the Maintenance
Superintendent to plan, coordinate, and prioritize work (SNPP Sec-
tion 11.1.2.2). Administrative controls have been strengthened to ensure
that preventive naintenance is performed as planned.

Training will be provided to maintenance planners on post-maintenance test-
ing that will enable the planners to specify adeouate post-maintenance
testing requirements to ensure equipment operability. This training also
will provide instruction on determining the required level of detail needed
in maintenance plans and instructions. Training will be completed before
restart, ,

SON's long-term approach to correct deficiencies includes the following:
(1) SON will hire outside specialists to assist in a ccrplete update of
the preventive maintenance program, which is expected to extend over at
least 2 years. (2) A master plan will be developed to address space and
equipment needs for the maintenance groups by March 1988. (3) A struc-
tured training program will be developed and implemented for maintenance
planners that will develop the requirenents and skills for planners.
This will ensure that new and existing planners can capably develop and
issue work instructions. (4) Finally, SQN has hired a Preventive
Maintenance Manager who reports to the Maintenance Superintendent and is ,

!responsible for implementing and improving the preventive maintenance
program.

The NRC staff agrees that completion of these actions will help to correct
and prevent hardware problems through increasing resources dedicated to
naintenance and better equipping the maintenance organization to handle
day-to-day maintenance activities.

Corporate involvement in nuclear maintenance*

TVA corporate management is dedicated to providing more corporate direc-
tion for nuclear maintenance and establishing a viable preventive
maintenance program.

A position has been established for a corporate Nuclear Maintenance
Manager. This manager will be responsible for developing and implement-
ing improved maintenance programs and policies at all TVA nuclear plants.
Knowledgeable maintenance personnel from all nuclear sites will contribute
to these maintenance improvement efforts under the guidance and direction
of the corporate Nuclear Maintenance Manager. Although each nuclear site
will remain resporesible for planning, scheduling, and executing its own
naintenance, the corporate Nuclear Msintenance Manager will be responsible
for regular assesment of the effectiveness of site maintenance and for
assisting site maintenance personnel with needed improvements.

Significant corporate-initiated improvements have been planned. These
improvenwnts will emphasize reducing recurring corrective maintenance,
improving use of preventive maintenance, and adherence to established
preventive maintenance routines.
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The full scope of significant maintenance activities will be defined
before performing the activity; will be coordinated with the appropriate
organizations, including Operations and Quality Assurance; and will be
completed and documented before closecut of the activity.

Enhanced training for planning and scheduling personnel will be developed
and implemented. This training will include training on the selection of
proper safety classifications for maintenance work and identification of
proper post-maintenance testing.

The staff agrees that a centralized corporate Nuclear Paintenance Manager
can contribute to an effective maintenance organization. The staff is
particularly interested in how the site maintenance personnel will inter-
face with this corporate nuclear maintenance organization. Results of
the corporate Nuclear Maintenance Manager's efforts will be reported
regularly to the Manager of Nuclear Power.

Implementation of challenging goals and objectives for maintenance*

Corporate standards and goals for maintenance are being established to
measure the effectiveness of each plant's maintenance program. Action
plans are being developed to achieve corporate maintenance goals, to
assist in the prioritization of maintenance activities, and to accomplish
corporate objectives.

In addition to addressing the concerns identified by the NMRG, SQN plant ,

management is stressing management dedication to procedure adherence.
Plant directives and procedures will be issued by the Site Director that
require management involvement in the work place.

The NRC staff agrees that the implementation of these goals and objectives |

should result in inproved equipment performance and reliability. These |
actions should contribute to the safe operation of Sequoyah. |

Sequoyah Management Involvement

The Sequoyah site management has detennined that a compon root cause for many
of the issues is inadequate management involvement and the resulting failure to 1

establish consistent accountability for work performed. Actions to correct
this problem include

increasing management attention and oversight of craft work

providing increased training to craft personnel on QA requirements, the*

naintenance work control system, clearance procedures, temporary altera-
tions, and procedural adherence

increasing accountability by having had the Maintenance Department imple-*

ment and continue to use an improved program for employee performance
,

reporting

implementing a new Maintenance Request System that includes establishing i
*

a Maintenance Planning Section and providing additional detail for the I

work request tags / cards |
|
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These actions should programmatically help to focus management's attention on
factors that have in the past contributed to maintenance program weaknesses.
However, management must aggressively pursue its attention to and oversight of
the maintenance program.

Maintenance Instruction Enhancement

A writers guide has been included in SQN Plant Procedures (SQM-1) and all
maintenance procedures submitted to Sequoyah's work processing group after
June 30, 1986, are in accordance with the writer's guide and SQM-1. Cumbersome
naintenance instructions will be replaced with stand-alone instructions and
procedures with a series of steps will be mininized. Generic maintenance
instru tions will be incorporated into specific procedures. Experience and
improved procedural quality also will be incorporated into procedures as they
are updated. Craftsmen will be instructed to review maintenance instructions
with their foremen, to list any suggestions to improve the instructions for
future use and to prepare new maintenance instructions for major maintenance
work related to critical safety system components (CSSC) equipment.

Maintenance instruction clarity, consistency, and accuracy are of paramount
importance in a successful maintenance program, implementing these enhancements
should improve the maintenance procedures.

Long-Term Preventive Maintenance

TVA has embarked upon a systematic effort toward shifting maintenance emphasis
and resources from corrective maintenance and short-term operations support to
proactive, long-term preventive maintenance for Sequoyah. This effort will be
focused through:

Efforts to improve preventive maintenance, which include increasina super-"

visory personnel within the Mechanical Maintenance Engineering Section,
continuing to use the Plant Vibration and Diagnostic Unit, establishing a |

Maintenance Trending and Environmental Qualification (EQ) Section, increas- )
ing electrical maintenance participation in the development of preventive
maintenance instructions, perfonning deteiled review of the technical
specifications and FSAR to ensure that maintenance requirenents for
preventive maintenance are identified, and establishing a Reliability and

iPerformance Branch within Design Nuclear Engineering.

Establishing significant enhancements in the area of motor-cperau:d valves
(MOVs), which includes developing a comprehensive safety-related M0V pro-
gran for visual inspection, lubricating and testing Unit 2 MOVs during the
Cycle 3 outage, forming a composite crew with cross disciplinary experience
to perform maintenance on MOVs, and developing a history data base for each
valve. The MOV testing and maintenance program is based on the motor-
operated valve automated test system (M0 VATS) and uses equipment and
training of personnel provided by M0 VATS, Inc. j

1

Providing better control of measuring and test equipment (M&TE) by assign-
'

ing primary responsibility for control of out-of-calibration M&TE to the I

site services organization that maintains a computerized data base for |
M&TE and providing each maintenance group with a qualified individual to |
perform the M&TE out-of-tolerance evaluations. '

1
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A proactive, long-term preventive maintenance program is essential for an effec-
tive maintenance effort at a nuclear facility. The NRC staff views positively
TVA's efforts to shift maintenance emphasis and resources from corrective
maintenance and short-tem operations to a proactive, long-term maintenance
program.

Maintenance Training

Sequoyah management is fully committed to upgrading its maintenance training
programs by seeking INP0 accreditation. The instrument maintenance training
program was accredited in January 1987. Mechanical and electrical maintenance
training programs were accredited May 7, 1987.

Mechanical craft personnel have completed training on Limitorque actuator
maintenance, emergency diesel generators, systems familiarization, air compres-
sors, bearings, rigging and various pumps and valves. Electrical craft person-
nel have completed training on Linitorque actuator maintenance, emergency
diesel generators, ac and dc motors, control circuits, generators, and M&TE.

INP0 accreditation of TVA's entire safety-related maintenance training programs
provides an adequate basis for NRC staff acceptance of these prograns.

Additional Maintenance Pestart Activities

The Sequoyah Operations staff will review the pre-start checklist of surveil-
larce instructions, systen status files, configuration logs, and TACF logs to
determine the status of plant systems as required by general operating instruc-
tions (G0!), G01-1 and G01-2. SI-604, "Essential Instrumentation Operability
Verification," also will be performed by the instrurrent maintenance group to
ensure that the essential surveillance instrumentation needed to monitor plant
processes during normal operating conditions is available and operable. The
Maintenance Department will also review outstanding maintenance requests on

'safety-related equipment to ensure that unworked items will not degrade equip-
ment or impede operator action necessary for safe operation of the plant.

l

To assess the reliability of technical specification equipment, potential
reportable occurrences (PR0s) initiated for equipment failures that occurred
between January 1984 and December 1985 were reviewed to determine if the
corrective maintenance performed was adequate to prevent recurrences. Ten
itens required additional action; all will be completed before restart.

In addition to these initial efforts, Sequoyah has performed an evaluation of
plant equipment operability. This effort included evaluating PR0s associated
with the plant maintenance sections and interviewing plant managers, senior
engineers, and senior reactor operators. The evaluation of the PR0 history
files provided assurance that equiprent deficiencies identified therein, from
the beginning of the PRO progran until the start of this evaluation, had been |
properly dispositioned. The interview process provided input from senior plant '

personnel with years of experience in operation, testing, and maintaining plant
equipn:ent. These two processes together provide a high level of confidence
that any deficiency with safety equipment was identified and properly disposi- ,

tioned. This review of plant equipment operability has been completed and !
items identified as required for restart will be scheduled and completed before I

restart. |
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4.8.3 Conclusions

The NRC staff hat, conducted a series of maintenance inspections at Sequoyah to
ensure that TVA has identified the programmatic problems and is taking adequate
corrective action to correct the deficiencies. The staff has inspected the
actions TYA has taken to correct the deficiencies related to the restart of
Sequoyah. The inspections included an evaluation of the program as outlined in
this SER and an assessment of the current status of the Sequoyah maintenance
program as well as a review of corrective actions for NRC open items and a
review of status of "NPP commitments and HMRG findings.

The staff concludes that significant progress has been made in improving the
maintenance area. The structure of the maintenance organization has been
evaluated and numerous constructive changes in the maintenance organization
have been acccmplished. 4

1

TVA engineering and management staffs have devoted many staff hours to identi-
fying the problems in the maintenance areas and finding solutions to these
problems. Management interest in improvements has been shown oy the dedica-
tion of managenent resources to this area, including additional staff, addi- ,

tional time spent in plant staff engineering reviews, and additional management i

effort dedicated to reviews such as the NMRG study and equipment operability i

study (OES). Support of management iniatives is indicated in the dedication of !
the plant and corporate staff to achieve improvements.

During recent inspections the staff determined that TVA had spent significant
resources in resolving the iJsues that have been identified by the NRC, NMRG,
employee concerns program, and other review groups. The staff confirmed during .

recent inspections that the plant has issued a comprehensive action plan for |

resolution of the HMRG findings and has established tracking systems for j
restart and long-term issues, i

i

In addition, progress has been made in establishing effective programs for
preventive maintenance and corrective maintenance and in establishing clear
assignment of responsibility and accountability.

Through interviews and reviews of resumes, the staff observed that managers in '

the maintenance area are well qualified and are aware of their responsibilities
in the implementation of the maintenance program. The staff also observed that
upper managenent, both plant and corporate, supports the implementation of
corrective and enhancement efforts.

The staff noted that managers do not adequately address long-term program
developrent and that irprovements are needed in time management, interface with
support groups, and stabilization of the corporate organization.

Interviews indicate that TVA has taken the first steps in resolving these
problems as evidenced by:

(1) TVA has conducted a time study of managers at the plant and has identified
problen areas. It is the staff's understanding that this study involved
evaluations of management skills, work processes, climate and stress
factors, facilities and tools and that a report with recommendations on
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improving the utilization of management talent will be provided to TVA in
the near future and evaluated by TVA for corrective actions.

(2) The staff noted that the meintenance management appears to be working
with support groups to establish effective interfaces as evidenced by
management plar.ning meetings with QA and utilization of SR0s in the work
planning process.

(3) The staff noted that the permanent corporate organization is beginning to
take shape with the hiring of several very capable managers. The staff
feels that the corporate organizations can have a significant impact on
the establishment of an effective program, but believe that the stabili-
zation of the corporate staff is essential to making this a positive
impact and not a negative impact.

Therefore, the NRC concludes that TVA's Maintenance Program is acceptable.

4.9 Restart Test Program

4.9.1 Introduction

In response to employee concerns, TVA conducted a reassessment of its plants'
operational safety. A major re-review of the Sequoyah Nuclear Plant, Unit 2,
initial design, construction and operating practices has been conducted and a
Restart Test Program (RTP) was also instituted to ascertain the functional
integrity of the accident mitigation and safe shutdown systems. The program
is described in TVA letters of May 26 and July 6,1987.

The NRC has conducted several inspections of the restart test program as
documented in Inspection Reports 50-327/328 87-30, 87-43, 87-54.

.

The principal objective of the RTP is to instill confidence that certain pre-
operational tests conducted during initial plant licensing and surveillance
inspections routinely conducted following plant licensing and during the long
plant shutdown are valid tests that can ensure the current functional integrity
of safety systens and components. This assurance is required because the func-
tional integrity night have been jeopardized by plant modifications, maintenance
practices, or the like.

This assurance is obtained by reviewing post-modification and maintenance tests
and any other tests, or programs that might have a potential impact on the
validity of the subject tests.

The scope of the RTP includes testing of integrated safety system functions,
beyond periodic surveillance requirements at the component or subsystem level.
Such testing is being considered for systems where major modifications could
have potentially altered system performance. TVA is presently reviewing all
major plant reassessment programs (e.g., Design Baseline and Verification
Program, Calculations, and Post-Modification Tests) and has determined that a |

'

form of integrated testing is required for (1) portions of the onsite power
supply system (diesel generators), (2) the auxiliary feedwater system, and
(3) the heating ventilation and air conditioning (HVAC) system. ,

i
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The main systens identified by the RTP that will require testing to ensure
their functional integrity are those systems reviewed by the Design Baseline
and Verification Program (DEVP). The DBVP was instituted to assess the ade-
quacy of the plant design and the as-built plant configuration and reconcile
potential differences between the design hasis and plant modifications. The
systems reviewed by the DBVP are the accident mitigation systems that are
included in Chapter 15 of the plant FSAR, and the safe shutdown systems. The
RTP included verification of the normal functions of these systems.

The accident mitigation and safe shutdown systems that were identified by the
RTP for testing, were further subdivided into component or subsystem level
functions for which individual functions tests are being conducted. in this
program, the integrated performance of the main system function is largely
ascertained from valid individual component or subsystem level tests.

The restart test crganization was established to implement the RTP ar.d con-
sists of the restart test group (RlG) and the joint test group (JTG).

The RTG consists of test personnel who report to the Restart Test Manager.
This group is responsible for developing the function revieM matrix, function
analysis reports, test outlines (all contained in a function cnalysis package),
detailed test instructions, as well as detailed test plans and schedules. The
group also is responsible for performing special testing and preparing test
analysis packages, test analysis reports, Special test instructions, functional
test matrices, and reviewing completed test results.

The JTG is responsible for review and approval of various aspects of the RTP.

The function review matrix (FRM) is developed by the RTG to list the identified
functions, the tests that acceptably prove these functions, the programs that
were reviewed for potential impact on these functions, the results of this
review, and any applicable remarks. This matrix is primarily used for internal
control and tracking by the RTG, This matrix is presented to the JTG as part
of a function analysis package developed by the Restart Test Engineer.

A function test catrix is developed by the RTG to list by system the identified
functions, the results of the function test reviews (which include test results),
and any remarks. This matrix is completed after the final JTG review of the
test analysis package. The JTG reviews and approves the test matrix before it
is transmitted to the Site Director.

A restart test program punch list is generated by the RTG to provide an inter-
nal method for identifying and tracking open items generated during a review.
Open items on this list have unique identifiers to facilitate tracking.

1
|Design fur.ctions of systems covered by the RTP are developed by the Division of

Nuclear Engineering (DNE) and additional functions may be identified by the RTG
as a result of the function review process. As identified previously, these
functions include systems required to mitigate FSAR Chapter 15 events as well |

as systems required for safe shutdown of the plant. Normal functions of these
systems also are included. A function under review that affects one or more
additional system (interface function) is tracked on the FRM to ensure adequate
review in the function review process. These functions are cross-referenced to
a previously completed test or a test planned to be implemented during restart,
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such as a surveillance test or post-modification test. The identifiec' test i

documents are reviewed to verify that they contain tett results that prove the
adequacy of the function in the as-constructed condition. This process is docu- )
mented in the functional analysis report (FAR). If it is determined, nowe:er,

that a particular function is not adequately tested, new test instructions are i

generated (special test instructions) and scheduled for implementation at the
appropriate time during restart to demonstrate acceptable operation of the
identified function.

The above decisions, as well as any applicable test results docue nted in a I

test analysis package, that are required to prove the functions, are
reviewed by the JTG which, in turn, presents its recommendations to the plant
operations review comittee and the Plant Manager for review and approval.

Several procedures were written to address the various aspects of the RTP,
including the restart test organization, qualification of restart test
directors, and the RTP methodology.

4.9.2 Evaluation |

Although the RTP did not repeat the pre-operational tests, it did take the as-
built plant configuration and assess the effects of subsequent modifications
on these test results. Credit was taken for any testing performed as a result
of these modifications, for regularly performed surveillance instructions, and
for other program outputs.

I The staff determined that individual component or subsystem level testing, ,

though not completely equivalent to a fully integrated system test, is equiva- |
lent to testing required at other licensed facilities, following initial pre- '

operational testing, where major modifications have not altered plant configu-
ration and system response requirenents. Moreover, the performance of larger
tests for systems where major modifications could have potentially altered ;

system performance provides assurance that some tests equivalent to pre- !
operational tests have been or are scheduled to be conducted. Therefore, the I

Istaff has determined this approach to be acceptable.

The staff identified major functions that are omitted from the program, includ-
ing plant natural circulation and core performance tests. TVA's justification

for omitting these functions from the RTP is based on the following:

(1) Natural circulation tests conducted for Unit I at Sequoyah continue to be
applicable to Unit 2.

Plant configuration has not been altered to affect the heat sink relation-
ship to the heat source and core geometry has not been changed.

Tube plugging for the stean generators has been maintained within allowable
margins and no modifications have been made to the reactor coolant flow
path since the issuance of the operating license.

(2) Core performance analyses for each reload have been reviewed and approved
by the staff, and no modifications have been made to the core geometry
since the operating license was issued.
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Core physics tests also are performed following each refueling outage to
verify that core performance parameters are within the reload analysis
envelope. Other tests required by the Technical Specifications will be
performed during power ascension to verify present core perfornance

1characteristics.

TVA's line slope program (see Section 3.4.1) resulted in some hardware modifica-
tions. The RTP has verified that, for all affected cases, instrument function-
ality end test integrity were preserved.

The staff reviewed TVA's bases for use of the DBVP for identifying systems
whose functional integrity must be ascertained before restart of Sequoyah Unit 2.
The staff has determined that the DBVP has provided a comprehensive evaluation
of the accident mitigation of safe shutdown systems and that the modifications
proposed from this evaluation have served to re-establish system functional
integrity for the affected systems. <

l
'

The staff review of the RTP systems resulted in the inclusion of the flood mode
boration makeup system and the control rod drive system. The inclusion of the
normal functions of these systems, in addition to functions required for acci- i
dent mitigation and safe shutdown, enhances the completeness of the TVA review.

The staff reviewed the RTP organization and determined that it contains the I
essential elements required for the proper emution of the program objectives.

Staff audits and field inspections have <ietennined that |

o The input provide to the RTP by the DNE is comprehensive.

o RTG's review of this input is thorough and has, in some ',nstances, re-
sulted in additional functitins not previously identified by the DNE.

o The function review process is thorough, taking into consideration the
results o# some 18 programs, processes, and related material including'

post-modification tests, as-constructed drawings, post-maintenance test
surveys, surveillance instructions, design criteria, technical
specifications.

4

o The generated documentation that includes the function analysis reports
;

and test analysis reports is thorough. I
l

The staff's audit reviews and inspections of the implementation of various
aspects of the program have provided assurance that the administrative controls
and implementing procedures applied in the developrent of function and test
review documentation and test results reviews are properly executed.

The staff performed the safety injection audit during plant recirculation to
ensure that the programmatic asoects of the RTP, which include the RTP method-
ology, have been properly implemented and demonstrate that the chosen mode of
operation has been adequately tested. This particular rode of safety injection
was chosen for review because Sequoyah probabilistic risk assessment studies
have deter:nined that a small-break LOCA event with loss of plant recirculation

|
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results in the highest probability for core meltdown. The staff has determined
that

The FARs are thorough in scope and contain adequate documentation for*

addressing component or subsystem level functional testing. They include
related tests perforred on a component or subsystem level during
pre-operational tests, surveillance instructions, etc. and include the
effects of other program outputs on system functions.

Test Analysis Report (TARS) were assembled for tests completed after the*

inception of the RTP, including regularly performed surveillance inspection.

Punch list items were closed, in most instances, soon af ter the TARS were*

approved and remaining punch list items will be closed before restart.

The RTP relies principally on pre-operational tests conducted during*

initial plant licensing, and surveillance tests, for ensuring functional
integrity.

4.9.3 Conclusion

On the basis of its review of the RTP, the staff concludes that continued
implementation of the program, as presently constructed, will ensure the func-
tional integrity of safety systems at Sequoyah Unit 2.

4.10 Trainino

4.10.1 Introduction

Because of the programatic concerns arising from licensed operator requalifi-
cation deficiencies identified at Browns Ferry and deficiencies identified in
operator and shift technical advisor (STA) knowledge of the safety parameter
display system (SPDS), the staff determined that the Sequoyah training program
would have to be reviewed for adequacy prior to startup.

Section 11.2.3 of the SNPP documents TVA's review and evaluation of training
and staffing. In addition to review of this information, the staff conducted
6n inspection at the Sequoyah site and-at the TVA Power Operations Training
Center (P0TC) the week of February 17, 1986. The results of this inspection
are documented in NRC Inspection Report 50-327/328 86-17. The areas inspected
are all INP0 accredited and included licensed operator and non-licensed
operator training and licensed operator requalification training.

Operator requalification examinations were administered by the NRC to licensed
holders at TVA Decenber 15 through 18, 1986. Additional inspections of the
requalification program were conducted December 14 through 18,1987(Inspection
Report 50-327/328 87-75).

4.10.2 Evaluation

The overall pass rate of 74 percent for the past 3 years at Sequoyah was cause
for staff concern. Contributing causes appeared to be the short length (12
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weeks) of the licensee's training course and a shortage of instructors to
support the training.

In the SNPP, the licensee committed to increase the reactor operator certi-
fication program to 16 weeks. In addition, the licensee has developed observa-

operator (SRO) qualification cards for reactor operator (RO) and senior reactor
tion training

candidates to establish specific study and job assignments dur-
ing their 13-week observation training phase, to help accomplish the goals of
this phase of training. The staff concludes that these measures will enhance
the training program and address the concerns previously raised.

The requalification period for licensed operators was 4 weeks, and the staff
considered this period brief considering the amount of material to be covered.
This conclusion was suppo-ted by discussions with the operations and training
staff.

The requalification examination administered in December 1986 found the
Sequoyah program to be marginal. Three of four reactor operators and one of
eight senior reactor operators failed the written examinations, all passed
the simulator examination. The reactor operators who failed have received
additional training, were re-examined (successfully) and have returned to
licensed duty. The weaknesses identified during the NRC requalification
examinations were addressed in the requalification training program. ;

In the SNPP, TVA comnitted to increase the recualification period to 6 weeks.
In 1987, the licensee implemented a six-shift rotation to provide one week in ;

6 for training, as discussed in Inspection Report 50-327/328 87-37. j

|
Concerns also were raised concerning the amount of requalification training for l
non-licensed operators. In the SNPP, TVA noted that training for assistant
unit operators was increased from 1 week to 2 weeks in 1986 and will be 6 weeks
in 1987 and thereafter. The staff finds this comitment acceptable. |

1

In Section 11.2.3.6 of the SNPP, TVA dr. scribes the training that will be given j

to project managers. The duties of the project managers involve ensuring that i

proper planning and controls are in place for projects requiring the approval |

of the Manager of Nuclear Pcwer. Training of the project managers is intended ,

to provide them with the understanding needed to function quickly and effec- 1

tively. Also, the program will help to develop the skills necessary to achieve
proper planning and control over the projects.

,

The staff has reviewed the information provided in the SNPP and has detemined
that the training program for project managers is acceptable to permit restart
of the Sequoyah facility. However, the staff will continue to monitor this
program to ensure proper implementation.

As described in the SNPP, a training program for new technical staff has been
developed. The training consist of 4 weeks that are devoted to plant reference
material and procedures along with the appropriate codes and regulations. This
training is in addition to the INFO-accredited Engineers and Managers Certifi-
cation Training Program.
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The staff concludes that the training program for nuclear site personnel is
,

'acceptable for restart.

TVA has attained INPO accreditation for non-licensed operator training, li-
censed R0 training, licensed SR0 training, STA training, technical staff and
managers training, instrument and control technician training, chemistry tech-
nician training, radiation protection technician training, electrical main-
tenance and mechanical maintenance training. Thus, their program is accredited
in all areas. |

The SPDS was installed and implemented on Sequoyah Units 1 and 2 in September
and October 1985, respectively. Inspections in November 1985 determined that
adequate training had not been conducted for operators and STA on the SPOS.
As a result of this finding, TVA conducted retraining, which included a com-
prehensive operational perfornance test. TVA also developed an SPDS user's ,

manual that will be a controlled plant document available in the control room. ;

These corrective actions were inspected as documented in Inspection Report j
I50-327/328 86-28.

Technical support managers have completed either STA training or the engineers
and managers certification training. This exceeds industry norms and the staff
finds this level of training acceptable.

Maintenance training is discussed in Section 4.8 of this safety evaluation.

4.10,3 Conclusion

The staff concludes that the training plans set forth by TVA are acceptable.
'

4.11 Security
_

In the 10 CFR 50.54(f) letter (September 17,1985), the staff noted that there
were several areas in which TVA had not been perfoming adeountely. These areas ,

were identified from their low ratings within their respective SALP categories. !

As a result of these concerns, TVA has initiated several actions intended to I

upgrade perfomance. In the most recent SALP, the staff found an improving !
trend in the area of security, compared to the degradations previously noted.
However, to ensure that this improvement would continue TVA undertook several
actions. These actions, which are discussed in Item 4 of Appendix 2 to the
SNPP, are evaluated below.

TVA identified in the SNPP those measures it will take to enhance the knowledge ,

'of supervisors and employees in their responsibilities for complying with
security requirements. Public Safety Service, a division of the Office of
Corporate Services, will trend all security degradations to identify areas for
inprovement and revise the training program for public safety to include
experience from prior security incidents. To ensure the planned inprovements
were being properly implemented, the staff conducted physical security inspec-
tions at the Sequoyah plant as documented in Inspection Report Nos. 50-327/328
86-30, and 50-327/328 86-47.

|

|
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The staff has reviewed the infornation provided in the SNPP and has performed
several physical security inspections as part of its evaluation of the improve-
ments to the Sequoyah plant security. Based on the results of its evaluation,

the staff concludes that the action taken by TVA to improve security addresses
the staff's concerns. In addition, the staff finds that with the implementa-
tion of these actions TVA will have an acceptable security program for restart
of either Sequoyah unit.

4.12 Emergency Preparedness

4.12.1 Introduction

SNPP Appendix 2, Section 6, Revision 1, documents TVA's actions tnken in the
Sequoph emergency preparedness (EP) program to resolve problems identified in
NRC SAll avaluations. The corporate Emergency Preparedness Branch has been
reorganizea :nd additional staff identified to provide additional resources in
the areas of emei pncy planning and procedures, state and local government
interfaces, development and conduct of exercises and drills, and onsite and
offsite facilities. Additional staff has been identified at the sites for
program implementation.

Problem areas which have been addressed by TVA include (1) inadequate coordina-
tion between the Central Emergency Control Center (CECC) and the Radiological
Dose Assessrent (RDA) staff, (2) inaudible inplant alams, and (3) vaguely
written implenenting instructions for protective action recerarendations. Im-
provements have been made in emergency organization, crergency facilities and
equipment, emergency classification system, accident assessment, training and
drills, and procedures to enhance the licensee's emergency capabilities.

4.12.2 Evaluation

improvements to TVA's Radiological Emergency Plan (REP) have been made in the
areas addressed below.

TVA has changed the emergency organization so that the RDA staff operates as
an integral function of the CECC. This change involved the consolidation of
the RDA staff from Muscle Shoals, Alabama, to the CECC offices in ChSttanooga,
Tennessee. The effectiveness of this change was demonstrated by the successful
performance of the CECC staff during the Sequoyah emergency preparedness
exercise November 19, 1986.

Another organizational change included providing engineering support from the
onsite Division of Nuclear Engineering (DNE) as well as DNE engineers located
in Knoxville, Tennessee, to the onsite Technical Support Center (TSC) by onsite
DNE staff. This support was previously provided indirectly to the site through
the CECC or by DNE staff in Knoxville.

TVA has completed installation of sirens and strobe lights in accordance with
approved engineering change notices issued to meet the requirements of
IE Bulletin 79-18, Audibility of Alarms in High-noise Areas. Tests to verify
the system's effectiveness with the added sirens and strobe lights will be
completed after restart of both units, when the equipment operating roise
levels are normal.
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The SPDS has ben installed et Sequoyah to meet the requirerrents of NUREG-0737,
Supplement 1, I r J.n 1.D.2. The SPDS and the onsite TSC functions of the TSC
computer are fa ctional for both units and are accessible in the CECC. The
installation and validation progran for the SPDS is considered adequate and the
systems were declared operable by TVA within connitment dates.

TVA has evaluated and revised the emergency classification system criteria,
which was identified as being vague in the 1985 emergency preparedness exer-
cise. Additionally, TVA is continuing evaluation of the criteria for possible
further enhancement. As revisions are made, TVA will enhance operator training
on emergency action levels and emergency classification.

TVA also has revised the protective action reconmendation (PAR) chart used by
the Site Emergency Director / Shift Engineer for a licensee declaration of a
General Emergency to enable them to make consistent offsite protective action
recommendations, including utilization of specific plant status indicators.
The use of the revised PAR was satisfactorily demonstrated during the Sequoyah
emergency preparedness exercise November 1986.

Previous problems with coordination of offsite monitoring teams has been
addressed by TVA by assigning the CECC RDA staff the responsibility for direct-
ing offsite IVA radiological environmental monitoring efforts in support of
site government operations in an emergency once the CECC is staffed. Emergency 1

preparedness procedures have been revised to reflect this change in respon- |

sibility and the 1986 SQN exercise demonstrated satisfactory coordination of j

environmental menitoring efforts. |

TVA has included a training module on offsite PARS in the licensed operator
reoualification training program. Simulator and classroom training on the use ;

'

of the SPDS as well as training on the onsite TSC functions of the TSC computer
have been included in requalification training.

TVA has designated a full nime staff position at Sequoyah; the site EP Program
Manager is responsible for implementation of the EP program on site. To assist
the Manager, a full-time technical position also has been identified. The
Manager's duties include coordinating the development of the site-specific
portions of the energency plan and the site-specific implementing procedures;
implementation of onsite drills; ensite EP training program; providing support
to the annual exercises scenario development efforts; maintaining site emer- !
gency facilities, equipment, and supplies; and providing timely resolution of l
internally and NRC identified weaknesses for Sequoyah.

TVA has established the EP Exercises and Facilities Section within EPB, with
EP exercise scenario development and implementation being one of its major |functions. The Site EP Program Panager provides input to EPB on development of |

the annual exercise. The site manager assists, as recessary, in the exercise
scenario implenientation including training, supervision of exercise controllers
and designated observers, and the critique of the onsite exercise perfomance.

Over the past 2 years, TVA has put considerable effort into revising and enhanc-
ing ensite and corporate EP procedures. The REP has been revised to reflect
organizational changes that have taken place and redefined responsibilities
and interfaces needed because of the changes. Additionally, a proposed
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"generic" REP for the Office of Nuclear Power has been developed and is cur-
rently under internal TVA review. This "generic" REP would consolidate the
individual site REPS into a single ONP Emergency Plan with site-specific
appendices.

The NRC inspection of the exercise conducted on August 6, 1987 (Inspection
Report 50-327/328 87-49), identified no violations or deviations. An addi-
tional inspection of the REP was conducted in September 1987 (Inspection Report
50-327/328 87-58).

4.12.3 Conclusion

On the basis of its review, the staff finds that, with proper implementation,
past EP problem areas should be satisfactorily resolved.

4.13 Radiological Controls

In Section 11.1.2.3 of the SNPP, TVA discusses its improvements to the radio-
logical controls (RC) organization. These include the following:

A site Radiological Assessor position has been established on the Site
Director's staff to provide programatic overview of the Sequoyah RC
program.

The Superintendent of Site RC now reports directly to the Plant Manager.

The contamination area control progran has been implemented.

A new decontamination facility has been placed in operation.

An inventory and centralized storage area has been designated for radiation
shielding materials.

The Health Physics Shift Supervisor participates in maintenance planning.*

A training position has been established in support of RC.'

Additional staff positions on site have been established for professional
health physicists.

The staff concludes that these measures will strengthen the RC program at
Sequoyah. Several inspections have been conducted of the Sequoyah radiation
protection program, as discussed in Inspection Peports 50-327/328 86-54,
87-03, and 87-56. The staff concludes that the actions taken by the licensee,
including correction of previous weaknesses in its program for maintaining
exposures as-low-as-reasonably-achievable (ALAPA), are sufficient to support
plant restart.
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5 EMPLOYEE CONCERNS

During the spring of 1985, a number cf TVA employees informed the NRC and
selected members of Congress of safety concerns, primarily related to the
Watts Bar Nuplear Plant. In addition, TVA learned of many employee concerns
through its own organization. The cor.cerns expressed indicated that many TVA
employees had lost confidence in TVA's nuclear management and its ability to
properly conducted nuclear activities. In addition, some of these employees
expressed fear of reprisal from TVA management if they raised their concerns

|directly. Two programs relating to employee concerns have resulted; they are ;
referred to as the new program and the special program. These two programs are Idiscussed in detail in the staf f's Safety Evaluation Report on the Tennessee

{Valley Authority Revised Corporate Nuclear Performance Plan, NUREG-1232,
iVolume 1, dated July 1987.
|

The new employee concern program (ECP) was implemented at Sequoyah on
February 1,1986 as described in a TVA submittal of February 3,1986. The. key
element of the program is the ECP Site Representative at Seq 00yah. The ECP
staff receive and investigate concerns from employees who feel that normal
channels of resolution have failed. The program is further described in other
TVA submittals including the SNPP. The staff issued its safety evaluation i

'

accepting the TVA new ECP on September 30, 1987.

In May 1985, TVA awarded the Quality Technology Company (QTC) a contract to
develop and impler:nt a program for conducting confidential interviews with TVA
employees performing assignments for the Watts Bar Nuclear Plant. Concerns
also were collected from TVA employees at the Sequoyah and Browns Ferry plants.
This program, which emphasized the identification of employee concerns dealing
with nuclear safety at all TVA facilities, identified more than 5,000 employee ,

iconcerns. In February 1986, TVA initiated a program to evaluate and resolve
{these employee concerns. The employee concern special program (ECSP) was devel-
|

oped to review the concerns received through the QTC or from the Nuclear Safety '

Review Staf f (HSRS) for applicability to Sequoyah. This work was performed
by the Watts Bar employee concern task group (ECTG). The staff evaluation of
the ECSP was issued to TVA by letter dated October 6, 1987.

The employee concerns were grouped into nine categories for evaluation and
iresolution. The categories are construction; engineering; industrial material '

control; operations; quality assurance / quality control; welding; management and ipersonnel; industrial safety; and intimidation, harassment, wro.1gdoing, or
misconduct. ;

|

Because the Sequoyah plant is presently scheduled to be the first T/A plant
restarted, the concerns applicable to Sequoyah only, within each employee con-
cern subcategory, were divided into individual element reports that addressed
related concerns. For Sequoyah, over 300 element reports were~ prepared cover-
ing six of the categories. TVA has submitted element reports to address
the resolution of employee concerns for Sequoyah. Safety evaluations on the
ir,dividual element reports will be provided in Part 2 of this safety evaluation.
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Subcategory and category reports will address the resolution of employee con-
cerns for the other TVA nuclear plants. TVA will not submit any element report
for the management and personnel and industrial safety categories because TVA
has concluded these do not contain safety-related concerns. The staff has con-
cluded that employee concerns in these two categories have been adequately

,

addressed as discussed in letters to TVA (December 14,1987(c),andAugust24,
1987,respectively). Concerns in the ninth category, relating to intimidation,
harassment, wrongdoing, or misconduct, will be investigated and the results
reported separately by the TVA Office of General Counsel or the TVA Inspector
General. The staff's review of TVA's handling of these concerns is discussed
in an October 8, 1987 letter to TVA. 1

I

On the basis of its review of the TVA employee concerns pro 0 ram, the NRC staff
concluded in Volume 1 of NUREG-1732 that TVA now has a policy that promotes
quality and safety and TVA has taken steps to ensure that this policy is under-
stood by TVA employees and that the policy is strictly enforced. The actions
taken by TVA to improve employee confidence define an acceptable program for
dealing with employee concerns. In combination with the other improvements in
the nuclear program that TVA is implementing, these steps should improve the
confidence of employees in TVA's management. The staff considers effective
implementation of the new employee concerns program necessary if TVA is to sig-
nificantly change its prior performance record.

:

The staff will continue to monitor program implementation and the effectiveness
of actions taken to deter intimidation and harassment. The NRC staf f has
issued, by letter dated Merch 11,1988(b), its "Preliminary Safety Evalautions
on the Tennessee Valley Authnrity Employee Concern Element Reports."

I

l

I

i
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6 ALLEGATIONS

A number of allegations of safety problems at TVA have been made directly to
the NRC staff in lieu of being provided to TVA under t,he employees concerns

In.a number of instances, the technical content of the allegationprogram.

has been provided to TVA for its review and response to the NRC. For these
cases, TVA has entered the allegation into its employee concerr.s program and
the tech.iical resolution of the issue is discussed in the safet/ evaluationfor the specific element report. The remaining allegations will be handled by
the staff in accordance with established NRC policies for allegations. The
NRC has reviewed all allagations to identify potentially safety significant
Sequoyah-related allegations, which will be resolved before restart of Sequoyah.

.
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APPENDIX A- i

,

LIST OF CO:.TRIBijTORS |

R. Architzel Office of Nuclear Reactor Regulation
R. Carroll Office of Special Projects i

T. Cheng Office of Special Projects- ,

P. Cortland Office of Special Projects |

J. Donohew Office of Special Projects ;

J. Fair Office of Special Projects
H. Garg Office of Special Projects
G. Georgiev Office of Special Projects*

J. Gilray Office of Special Projects
E. Goodwin Office of Special Projects

!

P. Hearn Office of Special Projects
R. Hermann Office of Special Projects .
S. Hou Office of Nuclear Reactor Regulation
G. Hubbard Office of Special Projects
E. Imbro Office of Nuclear Reactor Regulation ,

P. Kang Office of Nuclear Reactor Regulation !

5. Kim Office of Special Projects {
E. Karinos Office of Special Projects '

E. McKenna Office of Special Projects !

R. Pierson Office of Special Projects i

F. Rinaldi Office of Nuclear Reactor Regulation |
D. Smith Office of Special Projects j

R. Wescott Office of Special Projects !

T. Rotella Office of Special Projects i

I
t
i

t

:

1

!
,

1
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-- , March 26, 1985, letter from R. Shell to E. Adensam (NRC), on environmental
qualification of equipment.

-- , August 5,1985, letter f rom J. A. Domer to E. Adensam (NRC), transmitting ,

deviation requests for Appendix R. ,

-- , November 1,1985, untitled letter from C. H. Dean to William J. Dircks .

'

(NRC), transmitting TVA Nuclear Performance Plan, Volumes 1 and 2.

-- , December 23, 1985, letter from J. Hufham to B. J. Youngblood (NRC),
regarding environmental qualification of equipment.

-- , January 17, 1986, letter from J. A. Domer to H. Denton (NRC), Subject:
"Welding Review Program Description." ;

-- , January 29, 1986, letter from R. Gridley to B. Youngblood (NRC), Subject: !

"Environmental Qualification." ,

,

-- , February 3,1986, letter from R. Shell to H. Denton, Subject: "Employee ,

Concerns Program."

-- , February 27, 1986, letter from R. Gridley to B. J. Youngblood (NRC), :
Subject: "Electrical Design Calculations." !

-- , March 10, 1986, letter from S. White to Lando W. Zech (NRC), transmitting
Revised Corporate Nuclear Performance Plan.

-- , March 19, 1986, letter from R. Gridley to B. J. Youngblood (NRC), !
Subject: "Compliance with 10 CFR Part 50, Appendix R."

-- , May 30, 1986, letter from R. Gridley to B. J. Youngblood (NRC), Subject: ;
"Response to Request re Unresolved Items from Inspection 86-20."

-- , June 2, 1986, letter from R. Gridley to B. J. Youngblood (NRC) transmit-
ting additional information on auxiliary power system.

.

-- , June 27, 1986, letter from R. Gridley to J. Taylor (NRC), Subject:
"Sequoyah Design Control Program information."

-- , July 17, 1986, letter from S. A. White to Lando W. Zech (NRC), transmitting ;

Sequoyah Nuclear Performance Plan and Revision 1 to Pevised Corporate Nuclear
Performance Plan.

-- , July 31,1986, letter from S. A. White to Lando W. Zech (NRC),
transmitting Revision 2 of Revised Corporate Nuclear Performance Plan. I

|

- , August 1,1986(a), letter from R. Gridley to B. J. Youngblood, regarding |

electrical design calculations.

-- , August 1,1986(b), letter from R. Gridley to B. J. Youngblood (NRC),
,

Subject: "Welding Program." l

TVA SER Vol. 2, Part 1 B-2 Revised Prolininary Report
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-- , August 13, 1986, letter from R. Gridley to B. J. Youngblood (NRC), trans-
mitting "Main Steamline Break Environrtental Qualification Study for TVA Sequoyah
Units 1 and 2 Main Stean Valve Vaults."

-- , August 18, 1986, letter from R. Gridley to B. J. YoLngblood (NRC), Subject:
"Interin Acceptance Criteria, Civil Engineering Programs."

|-- , September 4,1986, letter from R. Gridley to B. J. Youngblood (NRC), trans-
nitting interim acceptance criteria.

-- , September 11, 1986, letter from R. Gridley to B. J. Youngbloed (NRC), Sub-
ject: "Additional Information on PSB-i."

-- , September 24, 1986, letter from R. Gridley to B. J. Youngblood (NRC), Sub-
ject: "Response to Inspection Report item 86-20-09." i

-- , October 29, 1986, letter from C. Mason to J. Taylor (NRC), transmitting i

10 CFR Part 21 notification on MIS-5 fuses.
|

-- , November 10, 1986, letter from R. Gridley to B. J. Youngblood (NRC), j
transmitting interim acceptance criteria, i

1

-- , December 3,1986, letter from R. Gridley to B. J. Youngblood (NRC),
Subject: "Additional Information on PSB-1 Test Data."

1

-- , December 4,1986, letter to Lando W. Zech (NRC), untitled letter tr1nsmit-
ting Revision 3 to the revised Corporate Nuclear Performance Plan.

-- , December 11, 1986, letter from R. Gridley to B. J. Youngblood (NRC), |
Subject: "Additional Infonnation on Sequoyah Design Baseline and Verification '

Progran."

-- , December 12, 1986, letter from R. Gridley to J. N. Grace (NRC). Subject:
"Operability lookback."

-- , December 23, 1986, letter from R. Gridley to 8. J. Youngblood (NRC),
Subject: "Cable Ampacity Information."

-- , December 29, 1986, letter- from R. Gridley to B. J. Youngblood (NRC),
Subject: "Electrical Design Calculations." i

l
-- , December 31, 1986(a), letter from R. Gridley to B. J. Youngblood (NRC), |
forwarding supplemental information on the Design Paseline Verificaticn Pro- |

gram (DBVP).

-- , December 31, 1986(b), letter from J. A. Domer to B. J. Youngblood (NRC),
Subject: "Fxemption from Appendix J Leak Testing."

-- , January 2,1987, letter from R. Gridley to B. J. Youngblood (NRC),
Subject: "Containtrent Isolation Design Pertaining to Chemical and Volume
Control System."

I
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-- , January 14, 1987, letter from R. Gridley to Document Control Desk
(NRC), Subject: "Interim Acceptance Criteria for Cable Tray Supports."

-- , January 23, 1987, letter from J. A. Domer to Document Control Desk
(NRC), Subject: "Exemption from 10 CFR 50, Appendix A, General Design
Criteria 55."

-- , January 28, 1987, letter from R. Gridley to Document Control Desk (NRC),
Subject: "Sequoyah - Interim Acceptance Criteria from Small Bore Piping."

-- , January 30, 1987, letter from R. Gridley to Document Control Desk (NRC),
forwarding response to open items in welding review.

-- , February 3, 1987, letter from J. A. Domer to Document Control Desk
(NRC), Subject: Exemption from 10 CFR 50, Appendix A, General Design Criteria
55 and E6." ,

-- , February 4, 1987, letter from R. Gridley to Document Control Desk (NRC), -

Subject: "Supplerental Items Interim Acceptance Criteria for Cable Tray
Supports."

-- , February 6, 1987, letter from R. Gridley to Document Control Desk (NRC),
Subject: "Concrete Evaluation Report."

-- , February 17, 1987, letter from R. Gridley to Document Control Desk (NRC),
Subject: "Superheat in Main Steam Valve Vaults."

-- , February 27,1987(a), letter from R. Gridley to Document Control Desk (NRC),
forwarding comments on draft SER on DBVP.

-- , February 27,1987(b), letter from R. Gridley to Document Control Desk (NRC),
Subject: "Electrical Design Calculations."

-- , February 27,1987(c), letter from R. Gridley to Document Control Desk (NRC),
Subject: "Summary of Cable Arpacity Sampling Program."

'

-- . March IC,1987, letter from R. Gridley to Document Control Desk (NRC),
transmitting list of comitments on electrical calculations.

-- , March 23, 1987, letter from R. Gridley to Document Control Desk (NRC),
Subject: "Status of Post-Modification Test Review."

-- , March 24, 1987, letter from R. Gridley to S. Ebneter (NRC), Subject:
"Surveillance Instruction Review Program."

-- , March 26, 1987, letter from S. White to S. Ebneter (NRC), transmitting
Revision 4 to Revised Corporate Nuclear Performance Plan.

-- , April 1,1987, letter from S. White to Document Control Desk (NRC),
transmitting Revision 2 to the Sequoyah Nuclear Performance Plan.

-- , April 1,1987(a), letter from R. Gridley to Document Control Desk (NRC),
Subject: "Sequoyah Drawings to be Maintained as Configured."

TVA SER Vol. 2 Part 1 B-4 Revised Preliminary Report
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-- , April 1, 1987(b), letter from R. Gridley to Document Control Desk (NRC).
Subject; "Program Plan for Replacement Items Project."

,

-- , April 2,1987, letter from R. Gridley, Document Control Desk (NRC),
Subject: "Instrument Sensing Line Slope questions."

-- , April 8, 1987(a), letter from R. Gridley to Document Control Desk (NRC),
Subject: "Sequoyah - Alternate Analysis Program Phase II."

-- , April 8,1987(b), letter from R. Gridley to Document Control Desk (NRC),
Subject: "Concrete Evaluation Supplemental Information on Concrete Sampling."

-- , April 8,1987(c), letter from R. Gridley to Docunent Control Desk (NRC),
Subject: "Exemption from 10 CFR 50, Appendix A, General Design Criteria 55

'

and 56."

-- , May 12, 1987, letter from R. Gridley to Document Control Desk (NRC),
Subject: "Post-restart Scope and Sr.hedule for the Design Baseline and
Verificaticn Program."

-- , May 13, 1987, letter from M. Martin to Document Control Desk (NRC),
transmitting elenent reports on material control.

-- , May 15, 1987, letter from R. Gridley to Document Control Desk (NRC), for- '

warding "Engineering Assurance Oversight Review Report - DBVP." !

-- , May ?6,1987, letter from R. Gridley to Document Control Desk (NRC),
Subject: Restart Test Program."

-- , June 12, 1987, letter from R. Gridley to Document Control Desk (NRC),
Subject: "Electrical Calculations - Revised Final Status Report. ;

-- , July 2, 1987(a), letter from S. A. White to Document Control Desk (NRC), ,
transmitting Povision 2 to the Sequoyah Nuclear Nuclear Performance Plan.

-- . July 2,1987(b), letter from R. Gridley to Document Control Desk (NRC),
Subact: "Moderate Energy Line Break Evaluation."

-- , July 6,1987, letter from J. A. Domer to Document Control Desk (NRC),
Subject: "Restart Test Program."

-- , July 8,1987, letter from R. Gridley to Document Control Desk (NRC),
Subject: "Leakage of Spray Behind the Crane Wall Following a Postulated
Design Basis Accident."

-- , July 20, 1987, letter from R. Gridley to Document Control Desk (NRC), 1

Subject: "Instrument Sensing Line Slope Questions Norris Report
No. WR 28-1-85-124.RL."

---July 21, 1987, letter fron L. Nobles to Document Control Desk (NRC), trans-
mitting licensee event report 37-30, notification on FLAS-5 fuses.

!
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-- , July 31, 1987, letter from R. Gridley to Document Control Desk, Subject:
"Revised Cable Test Program."

-- , August 4, 1987, letter from R. Gridley to Document Control Desk (NRC),
Subject: "Leakage of Spray Water Behind the Crane Wall Following a Design
Basis Accident."

-- , August 17, 1987, letter from R. Gridley to Document Control Desk (NRC),
Subject: "Interim Acceptance Criterie for Altornate Analysis."

-- , August 11, 1987, letter from R. Gridley to Document Control Desk (NRC)
Subject: "Unit 2 Support Podification Restart Criteria for Rigorous Analysis
Piping."

-- , Septenber 16, 1987, letter from R. Gridley to Document Control Desk (NRC),
Subject: ""Containment Coatings."

-- , September 18, 1987, letter from R. Gridley to Document Control Desk (NRC),
transnitting response to IE Bulletin 87-01.

-- , Octobe- 6,1987, letter from R. Gridley to Document Control Desk (NRC),
Subject: "Sequoyah Unit 2 - Pipe Support Modification Restart Criteria Meeting
Summary."

-- , October 9, 1987, letter from R. Gridley to Document Control Desk (NRC),
Subject: "Poderate Energy Line Break Floeding Evaluation."

-- , October 23, 1987, letter from R. Gridley to Document Control Desk (NRC),
transmitting Supplemental EA Oversight Review Report for DBVP.

-- , October 29, 1987, letter from S. White to J. Keppler (NRC), regarding
findings from Integrated Design Inspection.

-- , November 17, 1987(a), letter from R. Gridley to Documental Contral Desk
(NRC), Subject: "Unit 2 Support Modification Restart Criteria Supplemental
Revision."

-- , November 17, 1987(b), letter from R. Gridley to Document Control Desk (NRC),
Subject: "Additional Infornation Requested by NRC on Fuse Replacements."

-- , November 20, 1987, letter from R. Gridley to Document Control Desk (NRC),
transmitting results of cable testing.

-- , November 24, 1987, letter from R. Gridley to Document Control Desk (NRC),
transmitting Wyle test results.

-- , December 4,1987, letter from R. Gridley to Document Control Desk (NRC),
transrritting response to Inspection Report 50-327/328 87-44.

-- , December 8, 1987(a), letter from R. Gridley to Document Control Desk (NRC),
Subject: "Replacement items Project (RIP) Seismic Adequacy Verification."'

,
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-- , December 8, 1987(b), letter from J. Russell to Document Control Desk (NRC),
Subject: "Employee Concerns Special Program - Sequoyah Element Report C017301."

-- , December 10, 1987, letter from S. White to Document Control Desk (NRC),
transmitting Revision 5 to Revised Nuclear Performance Plan.

-- , December 15, 1987, letter from R. Gridley to Document Control Desk (NRC),'

Subject: "Design Control Program."

-- , December 28, 1987, letter from S. White to S. Ebneter (NRC), Subject:
"Silcone Rubber Insulated Cable Issue Pesolution." i

-- , December 29, 1987, letter from S. White to S. Ebneter (NRC), Subject:
"Integrated Design Inspection (IDI): Response to NRC Inspection Report |

50-327/328 87-48."

-- , January 5, 1988, S. White to S. Ebneter (NRC), Subject: "Operational
Readiness Revinw."

-- , January 22, 1988, J. Russell to Document Control Desk (NRC), Subject: |

| "ECTG NRR RAI Sequoyah Element Report C017301." |
-- , February 10, 1988, R. Gridley to Document Control Desk (NRC) Subject:
"Replacement Items Project Program Plan."

-- , February 16, 1988, R. Gridley to Document Control Desk (NRC), Subject:
"Response to Violation Nos. 50-327, 328/87-65-01. -02, -03 and Unresolved Items

| (URIs) 50-327, 328/87-65-04." ,

,

-- , February 18, 1988, R. Gridley to Document Control Desk (NRC), Subject:
"Electrical Calculations - Revised Final Status for Unit 2 Restart."

'

-- , February 27, 1988, R. Gridley to Document Control Desk (NRC) Subject:
"Compliance with 10 CFR 50.49, Environnental Qualification (EQ) of Electrical

,

Equiprent Important to Safety for Nuclear Power Plants."
1

) -- , February 29, 1988, R. Gridley to Document Control Desk (NRC), Subject: j
"Revised Instrumenation Accuracy Calculations." ;

I
|

; U.S. Nuclear Pegulatory Connission, June 23, 1981, E. Adensan letter to |

H. Parris (TVA), transmitting safety evaluation on environmental qualification
of electrical equipment.

'

-- , April 26,1983 E. Adensam letter to H. Parris (TVA), transmitting safety
evaluation en environmental qualification of electrical equipment.

-- , August 10, 1984, J. P. O'Reilly letter to H. Parris (TVA), Confimatory
Action Letter on Appendix R Compliance.

-- , N9ust 5,1985. H. Thompson transmitting Generic Letter 85-13, issuing
; NUREG 's t54

!
|
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-- , September 17, 1985. W. Dircks untitled letter to C. Dean (TVA), transmitting
staff concerns and 10 CFR 50.54(f) issues.

-- , March 26, 1986 B. Youngblood letter to S. White (TVA), regarding Verifica-
tion Testing.

-- , May T7,1986, C. F. Rossi letter to E. P. Rahe, Jr. (Westinghouse),
Subject: "Acceptance for Reference of Licensing Topical Reports WCAP-8822-P-51/
WCAP-8822-P-S2, "Mass and Energy Release following a Steam Line Rupture."

-- , May 29, 1986, B. Youngblood letter to S. White (TVA) regarding deviation
requests from Appendix R.

-- , June 10, 1986, B. Youngblood letter to S. A. White (TVA), Subject:
"Welding Program Request for Information."

-- , August 1, 1986, B. Youngblood letter to R. Gridley (TVA), Subject:
"Verification Testing for Auxiliary Power System Voltage Study for Sequoyah."

-- , August 7, 1986, B. Younchlood letter to R. Gridley (TVA), transmitting
questions on verification testing.

-- , September 9, 1986, B. Youngblood letter to R. Gridley (TVA), Subject:
"Request for Information on Sequoyah Design Baseline and Verification Program."

-- , October 6,1986, B. Youngblood letter to S. A. White (TVA), regarding
deviation requests from Appendix R.

-- , January 13, 1987, B. Youngblood letter to S. A. White (TVA), regarding
verification testing.

-- , Janua ry 20, 1987, letter from B. Youngblood to S. A. White (TVA), forward-
ing draft SER on DBVP.

-- , March 9,1987, letter from B. Youngblood to S. White (TVA), Subject:
"Evaluation of Sequoyah Units 1 and 2 Cable Pulling and Bend Radii Concerns."

-- , June 9, 1987. J. A. Zwolinski letter to S. A. White (TVA), Subject:
"Restart Criteria."

-- , August 24, 1987, J. A. Zwolinski letter to S. A. White (TVA), Subject:
"Industrial Safety Element Report Safety Evaluation."

-- , August 27, 1987, letter from J. A. Zwolinski to S. A. White (TVA), Subject:
' Safety Evaluation Regatding DCRDR In-Progress Audit."

-- , Septenber 18, 1987, letter from J. A. Zwolinski to S. A. White (TVA),
transmitting Amendments 51 and 59 to Operating Licenses for Sequoyah Units 1
and 2.

-- , September 30, 1987, J. A. Zwolinski letter to S. A. White (TVA), Subject:
"Employee Concern Prograu Safety Evaluation."
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-- , Octeer 6, 1987, J. A. Zwolinski letter to S. A. White (TVA), Subject:
"Employeo Concerns Special Program."i

,

-- , Octooer 8,1987, S. Ebneter letter to S. A. White (TVA), Subject:
"Employee Concerns Related to Harassment and Intimidation (F11), Wrongdoing and i-

Misconduct." ,

,

-- , October 29, 1987, letter from J. Xeppler to S. A. White (TVA), Subject:
"Seismic Screening Methodology."

-- , November 13, 1987, letter from J. Xeppler to S. A. White (TVA), Subject:
"Cable Testing Program."

| -- , December 4,1987, letter from G. Zech to S. A. White (TVA), Subject:
"Exemption fren 10 CFR Part 50, Appendix A. General Design Criterion 55 for
Seal Injection Lines."

-- , December 14, 1987(a), letter from G. Zech to S. A. White (TVA), Subject:
"Exemption from 10 CFR Part 50, Appendix A, General Design Criterion 55 for
Pesidual Heat Removal."

-- , December 14, 1987(b), letter from G. Zech to S. A. White (TVA), Subject:
"Exemption from 10 CFR Part 50, Appendix A, General Design Criterion 56 for
Vacuum Relief Lines."

-- , December 14, 1987(c), letter from G. Zech to S. A. White (TVA), Subject:
"Safety Evaluation for Panagement and Personnel of the Employee Concern Program

' for Sequoyah."

-- , January 7,1988, letter from G. Zech to S. A. White (TVA), transmitting
Amendments 64 and 56 to Operating Licenses for Sequoyah Units 1 and 2.

| -- , January 15, 1988, letterfromG.ZechtoS.A. White (TVA), Subject: ,

"Exemption from Type C Requirerents of 10 CFR 50. Appendix J." |

-- , February 23, 1988, letter from G. Zech to S. A. White (TVA), Subject:
"Non-Nuclear Heatup for Sequoyah Unit 2 Prior to Restart." :

|,

| -- , March 11,1988(a), letter from G. Zech to S. A. White (TVA), Subject: l

"Restart Criteria."

-- , March 11, 1988(b), letter from G. Zech to S. A. White (TVA), Subject:
"Preliminary Safety Evaluations on the Tennessee Valley Authority Employee

j Concern Element Reports."

-- , July 17-18 Veeting Sunrrary J. Holonich to TVA, July 24, 1986.4

-- , August 13, 1986 Meeting Sumary J. Holonich to TVA, August 15 1986.

-- , January 21, 1987 Peeting, Sunr.ary T. Alexion to TVA, February 2, 1987.

-- March 26, 1987 Meeting, Sumary T. Rotella to TVA, May 18, 1987. ;

i -- , November 24, 1987 Peeting, Summary E. McKenna to TVA, December 2, 1987. j

!
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Westinghouse Electric Corporation, WCAP-10961, Revision 1 (Proprietary) and
' '

WCAP-11184 (Non-Proprietary), "Ste6m Line Break Mass / Energy Release for Equip- ;

;ment Qualification Outside Containment," October 1985.
.

-- , WCAP-10986, "Ice Condenser Drain Test Results. Data Analysis and i
Development of Drain Flow Models for LOTIC-III Ice Condenser Code,"

,
i

(Proprietary), November 1985. !
1

-- , WCAP-10988, "COBRA-NC, Analysis for Main Steamline Break in Catawba Unit 1 !
Ice Condenser Containnent," (Proprietary). November 1985. |

-- , WCAP-8822-P-SI/WCAP-8822-P-S2, "Mass and Energy Release Following a Steam I

Line Rupture " January 1985 and September 1985, respectively. -

t

!
:

!
;

I

i
;

i
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TER-C5 5 0 6 -6 5 6

1. INTRODUCT:CN AND SOCPE CF RIVI %'
.

1.1 INTRODUOTICN

Equipeent that is used to perform a necessary safety function in a nuclear
power plant must be shown to be capable of maintaining functional operability
under all service conditions postulated to occur during its installed life for
the time it is required to operate. This requirement, which is embodied in

General Design Criteria (GDC) 1 and,4 of Appendix A and Sections III, XI, and
XVII of Appendix 3 to 10CTR50, is applicable to equipment located inside as
well ws outside contatnnant. More detailed requirements and guidance relating

to the methods and pro:edures for demonstrating this capability in electrica;
equiprent have been set forth an 100FR50.49 and Regulatory Guide 1.69. Rev. 1.

During and fe;1ow:n; postulated 4:cadents in nuclear power plants, safety-
related ele:trica; equiprent e.ay be sub]e:ted to harsh environ ents. As part
cf the effort to derenstrate that equip ent is capable of maintaining qualtfted
fun:::ena; operati; ty under a;; service conditions. the U.S. Nuclear
Regulatory Co .4ssten (NRC) regulations state that testing with supporting
analys:s ra, be used te show that equip-ent is acceptable.

The Tennessee Valley Authority (TVA) opted to use therral analysis in

,

:en;un:::en with qua;tf2:atten test results after new temperature profiles for
the ra:n sten- line break (MSLB) for the Sequoyah Nuclear Power Plant main

s t e a.- va;ve vault s (MSV's ) were found net to be bounded by the qualification

test terparature profiles. The analyses were submitted to NR; to demonstrate

qua;;f::ation for the MSL3. The KR staff requested Tranklin Research Center
(TRC) to review the analyses and to verify the validity, cor.pleteness, and .

l

acceptability of the heat trtnsfer calculations provided to the NRC staff in
:

the Licensee's submittals. ~he TVA analyses represent time-dependant thern41

responses of safety-related electrical equipeent located in the main steam
tselation valve vaults of Sequoyah Nuclear Plant Units 1 and 2. !

This report provides an evaluation of the TVA submittale for the helt ;

transfer analysis of corponents in thu main stea.m isolation valve vaults. !
i
i

|

|
1

*
,

'
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i
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1.2 500FE OT REV:EW

TRO was contracted by the NRO to provide technical assistance in

determining the acceptability of TVA's analyses for fulfalling the require-
ments of 100TR50.49. The following tasks were to be performed:

1. Revaew the list of equipment provided in the submittal te. determine
af the most critical subassembly was being used to conduct the
analysis.

2. Review the f ailure modes i,dentified in the submittal for completeness.

3. Review the heat transfer calculations for acceptability to determine
11:

the rethodology was reasonable and was an acceptable means toa.
snaly:e the conditions of interest

t. the results were sufficiently accurate to reasenably represent
reality.

.

.:.

.,
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2. BACKGROUND

,

Af ter havie.g been informed by the NRC that certain mass and energy
releases had not been taken into account in calculating the response of the
primary containment atmospheres to an MSLB. TVA became aware that the issue

*

would also a'fect the MSVVs located outside the primary containment. TVAf

reevaluated its Sequoyah Nuclear Plant's MSVV temperature profiles considering
the additional energy from the MSLB and calculated a peak atmospheric,

torperature of $35'T using a standa'rd subcompartment code. This temperature
was substantially higher than the 325'T design temperature used in the
equiprent qualif::atson (EQ) prograr. Trom a list of options for resolving

this problem. TVA chose Westinghouse's suggested approach of reanalyzing an
MSLS :n the valve vau': by taking into account the circulation of the cool.

outside a:: in the vaults that would occur after such a break. This effect
was not rede;ed an the sub:orpartrent code used in the previous analysis. The

West:nghouse analysts indicated a peak MSLB ainosphere temperature of 435'T.
wh::h was st:11 haghcr than the I; program peak torperature of 325'T.

To derenstrate that ele:::1:a1 equipment located in the MSVV wall be abic
to operate as ne:essary during an MSLB. TVA opted to analyze the therea'.
respense cf Cate;craes A and E corpenents to the MSLB profile and to compare
the results te ex: sting results frer qualification tests. (A Category A

devt:e ts requ: red to operate to m:tigate an event; a Category B device as not
needed :: r:::;tte a design basis event, but must not fail in a manner

detr: rental to safety. Category C dev:ces are not neede: to mitigate design
bas.: events and have no fa:1ure modes that affect safety functions or could
mislead the operator.) TVA believed that although high surface temperatures
were possible, it was unlikely that the internal coeponents of equipment would
rise above the temperatures they experienced during qualification testing. ,

This premise formed the basas for their approach.

TVA cal:ulated the surfa:e and internal temperatures for equipment that
would be exposed to the expected MSLB temperature profile and to the EQ test
temperature profiles. The TVA proposed that, by comparing the results from
these calculations, the qualification of the equipment for MSLB service can be

deterrined f rem ex:stan; qual:f t:ation test documentation if the surf ace or

anternal terperatures during the MSLB event are bounded by the surface or
internal terperatures from the existing qualtiteation test.

3
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'

3. DISCL'SSICN OF TVA SUBMITTALS
.

Tne Licensee submitted three documents relating to MSLE equipment |

qualification. The first doeurent, which was submitted to the NRO on August .

13, 1986, contained extensive inforretion on the east a,nd west valve vaults.
'

,

and identified thermal response of a limited number of pieces of electrical
equipment located in the vaults to an MSLB. The information included a
physical description of the valve vaults with the size of vent areas. The
results of the Westinghouse COMPACT analyses of the vaults' atmospheric
tenparature profile were also presented as were assumptions and detailed
descriptions of the vault ecdels supported by data on the compartments and
heat sinks.

The 00MFA07 results were presented for three postulated MSLB events,
narely, a double-ended rupture of the steam line (1.4 ft ), a 0.9 ft

break assured to occur upstrear of the maan steam line, and a 0.9 f t break

downstrear cf a main steam isolation valve (MSIV). The thermal response of a
solenoid for the MSIV. an AS;0 solenoid valve, and a cable an a conduit were

prssented fer a;l of the break cases analyzed. These components were analyzed

by use of the ODMFA ! code. The Justification for choosing these components
for analysts was that if it could be shown that the coeponents' response to
the MSLB terperature profile did not exceed the charter cerperature
profile from EQ testin;. no component an the valve vaults would exceed its EQ,

terperature durtn; a MSLE. This eethodology relied on the assurption that

; these components had the least there41 rass of all of the corponents and would
respond most rapidly to the MSLB tenperature profile. The devices were
modeled as one-damensional slab heat sinks except for the cable in the conduit

which was modeled in two dimensions.

Analyses of the conponents done independently by the Licensee using the
KEATING5 heat conduction code were included in the August 13. 1986 submittal.

The purpose of these analyses was to evaluate the effect of dafferent
modeling. Thas submittal also contained the results of RELAP5 modeling

'

performed for verification of the COMPACT results for the atmospheric
profiles.

In response to a request f er add;t tonal inf ornat acn (RAll dated Noventer
14. 19fi. TVA forwarded a second sutmattal dated Decerter 23. 1986. In

responte to the request to provice a logical basis for the selection of the

4
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ASCO solenc2d coal and cable as the critical devices for evaluation. TVA
replied th4t the select 2on was based on the concept that the components with
the least thermal anertia would heat up most Juring the MSLB. The valve vault

equipeent lists had been reviewed, and components with low mass and thin
housings were selected for analysas. TVA believed that the thermal response
of these components would bound the response of all other larger and heavier

components. However, upen receipt of the RAI, TVA performed thermal analyses
for all of the equipment in the vaults that required qualification. These
analyses were submitted to support 'the basis of the original selection of
equipment for evaluation.

TVA also rep rted that no equipment was removed from consideration in the
MSLB E; study on any bas:s other than f unction. This response was prompted by
the reques to de onstrate that failure of a device that was removed fro- the
list on a basis other than fun:tton will not degrade any safety systen or

provade c:sleadin; infor at:en to the operators. Revised lists of the

Categories A and B equipmen; expected to be in the valve vaules at the tire of
restart cf S equ:yan '.*nt and the catie types lo:ated in the vaults were
provided :n the Oe:errer 23, 1956 sube::tal. The information in the tables
in:1uded dev:ce n -ber. ranuf s:turer mode; number, and a description of the

fun: len of the :o penent as requested. Table 1 identifies the equipnent

requirang qualef::atten. !ne cr.tacal internal corponents of Categories A and
B e;e:tr::a1 equaprent were ident:fted by TVA to be the cable insulation,
other e;aste ers. and solen::d ce:is. A discussten to supper TVA's een:;u-

sien that these cocpon:nts would not fail was presented. TVA's type pJJa

cable was chosen for evaluat:en be:ause it is a snall multiconductor cable and
thus would have a relatively rapid heatup. In addition, its thermoplastic

Jacket and insulation materials are more heat sensitive than the thermoset
materials in other cables in the valves.

Analyses were provsded in the De:eeber 23, 1986 submittal for the
Liettorque valve operators. : unction boxes, terminal connectors, and Namco,

limit switches in addition to the MS1V solenoid valves and ASCO solenoid

*FJJ is a TVA code referren; to culticonductor cable with polyethylene insula-
tien an: polyv:ny; :nlor:de :ar'<et.

.!.



TER-C5506-656

,

Table 1. List of Equipment Requiring Qualificataen
for Main Stean Line Break Temperature Prof alee

in the East and West Main Steam Valve Vaults

Equipment ID No. Manufacturer
' *

MSIV TSV-001-004A Gould Allied
Solenoid Through TSV-001-004J

TSV-001-029A
Through TSV-001-029J
TSV-001-011A
Through TSV-001-C11J
TSV-001-022A
Through TSV 001-C22J

Valve Cperator- TCV-001-015 Limitorque
Auxiliary Teedwater TCV-001-016
Furp - Turb:ne TCV-001-017
Steam Supply FCV-001-016

Valve C erator - Main TCV-003-033 Limitorquei
reedwatet- TCV-003-100 ;

1 solation TCV-003-047
TCV-003-057

Ma:n Stea- TSV-001-147 As:o
L:ne Warr:ng TSV-001-149 '

Soleno:d valve TSV-001-149
TSV-001-150

Stea- Generator FVC-001-012 (LS) NAMCO
FORV L:r Sw:::hes FVC-001-023 (LS)

FVC-001-005 (LS)
PVC-001-030 (LS)

Stear Gene:ator TSV-001-007 Asco
Blovdown Isolation TSV-001-014
Solenoid Valves TSV-001-025

TSV-001-032

Stear Generator TSV-001-007 (LS) NAMCO
Blowdown Isolation TSV-001-014 (LS)
Limit Switches TSV-001-025 (LS)

TSV-001-032 (LS)

Level Control LSV-003-174 Asco
So.'.enoid Valves LSV-003-175

Junction Boxes 1-JBox-991-1927-B N/A
1-J3ox-991-1985-A
2-JBox-991-1996-A

,

-j -
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t

'labl e 1. Last of Equipment Requiring Qualification
'

for Main Steam Line Break Jemperature Profile
,

in the East and Wert Main Steam Valve Vaults (Cont.)
,

Equipment ID No. Manuf a cture r
,

Junction Boxes 1-J3ox-991-1985-A N/A* -

(Cont.) 1-J3*x-991-3067-5
1-JBox-991-3114-A
1-J3ox-991-3116-3
2-J3ox-991-1986-A
2-J3ex-991-3070-B
-J3cx-991-3115-A

2-JBox-991-3117-B ;

1-J3cx-991-2041-3
1-J3cx-991-2041-A ,

1-73cx-991-2257-5
1-!!cx-991-2256-A
;-!?ox-991-2590-2

2-!!cx-991-2891-A
2-J5cx-991- !92-3
;-73cx-991-2E93-A

1-J3ex-991-3041-A
1-J3ex-991-304 -A
1-JEox-991-30ti-A
1-73ex-991-3065-3
1-!!ox-991-3066-3
2-73cx-991-3062-A !

2-J3cx-991-3063-A
:-! Box-991-3064-A
2-JBox-991-3066-3
;-!!cx-991-3069-3
;-JBox-991-1997-B

Jereinal SON-XXX-JE-991 GE

Jonnector

Raychem Splices WJST-N Series Raychem Corp.

!

I

.
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valves which had been submitted in the August 13, 1986 document as one-
ddamensional , analyses. All of the new analyses were two-dimensional. A.n

explanataon of the heat transfer eethodology was also included. Assueptions
and derivations of heat transfer coefficients were discussed. The Oe:exter 23 '

submittal also documented the assunptions made in each individual analysis.

A justification for modeling equipeen: as multilaye'r slab-type heat sinks
was provided in a Dece-ber 23 submittal. TVA stated that a one-dieensional

model, in conjunction with proper selection of heat transfer paths. can be
used to conservatively maxin.ise the equipment's external and internal
temperatures. The results of the analyses were presented in the form of
temperature-tare profales of the responses.

A third subcattal, dated February 17, 1997, was forwarded to the NRO in
response to an RA: dated January 20. 1987. This document addressed spe:ift:
questions an the RA:. Responding to a request to identify the pieces of
equipment wht:h have been tested to determine anternal temperatures, it was
stated that qual;f::ation of all MSW equipment types to the superheat prof 11e f
is based on therr.41 analysts. Telephone discussions with TVA had indicated

that some testing was done that would supersede the analysis. A last of
equapeer.: to te relo:ated prior to restart was also provided.

TVA's response to a request for information con:erning acceptability of
the ter :nal t;o:ks for use in a stear enviroment referred to testing in

* wh::n ter anal blo:ks were exposed to the worst-case t.::ident prof:le postu-
lated for Sequeyah's containeent. It was stated that as a result of these
tests. terr:nal blo:ks had been removed from transmitter circuits that required
qualificataon :n a :ordance with 10CTR50.49. but had been determ:ned to be
a::eptable for other 100TR50.49 applications.

In response to a request to provide a description of the justification
for the change in reclasssfication of the Masoneilan valve positioners to

,

Category C from Category A, it was stated that failure of the positioners in i

conjunction with a sangle active failure does not place the plant in a con-
figuration tnt would prevent the availability of one intact steam generator i

and one motor-driven aux 211ary feedwater puep and that the devicei no longer
required qualtf: cation.

.g.
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TVA also provided details of the guidelines used in constructing the heat
transfer ro'dels. TVA's assurptions were made to conservatively increase the
torperature predicted during a MSLB. while lowering the surf ace and internal
temperatures resulting f rom analysis of EQ test chamber profiles. In this

way, 'igher than expected surface and internal temperat,ures resulting f rom
MSLBs are corpared to lower than expected surface and internal temperatures
derived from the qualification tests, thereby adding conservatism. The values
of heat transfer coefficients used f,or the MSLB analyses were provided along
with scheratics of the models used. The Licensee concluded that qualification
of the MSVV devices was established for each component by comparison of the

calculated therra; response during a MSLB to the calculated response during
qualificatien testang. The qualification for steam and moisture exposure is
based who;;y upon the ex: sting qualification test results. The review of the i

'ex2 sting qua;1facatten test results was not within the scope of this
evaluatson. The results cf the ex: sting qualification tests have been assured ,

to be acceptab;e during th:s evaluation. A sample of Licensee-supplied
terperature pref 21es as included as Tagures 1 through 3. Tigure 1 represents
the E; terperature pecfile of a MS:V solenoid versus the MS*B torperature
pref :e. T:;ure : as a plot of the ca;eulated MS:V solenoid surface

r

te perature during the MSL5. T2;ure 3 represents the calculated internal co;;

torperature dur:n; a MSi5 as corpared to the E; test torperature.

.
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FIGURE SUPPUED
BY THE LICENSEE

- MSIV SOLENOID EQ TEST CIIAMBER TEMPERATURE
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FIGURE SUPPUED
BY THE LICENSEE

MSIV SOLENOID SUHFACE TEMPERATURE DURING MSLB
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4. EVALUATION

.

4.; TVA MITHODCLOGY

TVA used two-dirensional sections in developing the heat transfer models.
Although the two-dinensional models may produce tempera,ture profiles that are
Iower than ac'tual because of the reduction in heat transfer surfaces, the

.

relative positten of the KSLB and EQ profiles would not change and, therefore,
a qualification determination can still be made. Except for the cable-in-
conduit model, it was stated that no gap resistances were modeled so as to
maximize the heatu; of internal components in response to a MSLB. |

t,

TVA ce heds used to dertve the heat transfer coeff teients in the analyses ;

i were consistent wath guideltnes an NURE3-0588, Appendix 5 where app 11:able and ,

t
.

were conservative;y c::stned in ether carss. An irportant concept in this ;

evaluation is the unders:andan; that qualification testing was perforced for
several hours under saturated condittens. This would allow for nearly idea; j<

hea: transfer eendations. The MSL! event being analy ed would be of much !

_
snorter duratton and at lower saturatton teeperatures. While this would allow f

,

1

for ht;h surf a:e ter;eratures, the interna; tenperature of vital coeponentsi

snow;d a::.a;;; to st;nif t:antly icwer than that shown in the EQ prcfilas.
t

| Tne spe: aft: approa:nes used to ana;y:e the KSV. equipment are based on ,

!

;tneral;y a::e; a ;e ana;y:::a; pra:: ces. The demonstration of qualif t:ation
,

i of solen:td va;ves. the un:tten boxes and terminal blo:ks, the Ltettorque

va;ve operator, and the Namco lantt switch were based on direct coeparisons of
|

:ne MSLB and I; therra; responses of "worst-case" equipment configurations. ;

Where several models of equipment from the same manufacturer required qualifi- :

cation, the model having the swallest thermal inertia was used, adding con- t

t

servatis: to the overall conclusions. [
"

:

I I
'

i

j 4.2 CCMPO W i* EVALUA!!ON

'

4.2.1 KSIV Solenotd

The qualifteation of the MSIV solenoid valves for the thern41 effects of
,

an MSLB was derenstrated by co partn; the KLATIN35 conputer model results of

the solenoid va;ve therra'. response d<ran; an MSLB to the results of the

! co puter rede; fo tne I; testing, Ha'at f'.ow between the environ.en and the
MS V so;en:13 was def.ned by heat trarsfer coeffi tents spectfred at the

boundartes of the two-direnstenal rode of the valve.
; .2 -
.

!
_-_ --
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The heat transfer coeffacients used in ths MSt.B model were obtained from '

the Westinghouse COMPATT code analysis of the value vault environnent. The
coefficients accounted for convective and radiant heat transfer, which are
expected to be the dominant modes. No condensing heat transfer as espected to

take place- because the housing temperature of the ener,gined solenoid exceeds
the sature on teeperature. The heat transfer coefficients used to determine

the heat flow between the EQ test chamber and the MS!V solenoid conservatively,

represent the physical thereal dynamics of the EQ testing. For condensing
heat transfer, four times the maxircum coefficient from the Uchida correlation !

was used. Stagnant natural convection was modeled during the remainder of the
EO test when the surface temperaure exceeded the saturation temperature of the
test charter. During the spray peraods in the qualification test profile, a I

laminar convection heat transfer correlation for film flow was used.

The ra:ct assarptions made an the MSIV solenoid analyses are acceptable
because they can be expe:ted to produce results which reasonably represent the

f
i actual therral responses. The assurption of stagnant ; nural convection

| neglects any velo:tt es :n the test chanter that might to induced by the
periodic add: tion of stear to reatntaan test conditions. However, the

velo:attes are seal'. and cf short duratton and conseguently wn!! not have an
appreciable effe:: on the heat transfer rate to the MSiv solenott. Thns

assurptaon also :enservatively accounts for heat flow durang those periods
when the surf a:e terperature ex:eeds the charter temperature san:e at reducesi - .

the rate at wh::P the solenoid :co;s down.

The c.edel used for the HIA!!N35 analysts of tJ.= MS1V solenoid was a two-
darensional cc: through the coal (cratical component), which manitrated the
thermal shaelding between the atmosphere and the coil and thus maximites the
response of the coil temperature to the atmospheric transient. Analysis was

perforrred in the rectangular coordinate system, which is acceptable since the
thermal r. ass of the cyltndrical coil is essentially conserved. No heat was

assured to be transf ered through the valve body to the cot 1. This is

reasonable in view of the relatively large thermal mass of the body.

The results of the MS!V solenoid valve analyses show that the therm 41
response of the cos; to an MS*.! is bounded by the response to the E; test.

proftle. Cn that tasts, the coal r.ay be considered qualafaed for the therral
profale for the MSI.5 event.

-14-
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4.2.2 ASOO Solenoid

The therral qualafication of the MSW solenoid valves for an MSLB was
; de onstrated by co.mparang the KEATING5 results of the MSLB analysis to the I

results of the model for the EQ test profile. Heat transfer between the MSLB
envaren. ment and the AS00 housing surface and internals was accounted for in
coefficients which conservatively describe the heat transfer process that

' o::urs during the event. For an energized solenoid, heat transfer was assu ed
to oe:ur by convection and radiation. Since the surface testperature of the
energized solenosd as higher than the MSLB saturation torporature, no L

condensatien as expected to occur. For the unenergized solenoid, a

coefficient of four tires the eaximu.m Uchida coef ficient was used to model
condensin; heat transfer. Heat transfer between the ASCO and the test charter

envarer.ent was defined as stagnant natural convection correlation sin:e the s

ASCO was energated during tne E; test and its surface torperature was higher '

than the E; saturatton torperature at any given time.
;

The a;;r assu ption rade in the KEATIN35 modeling of the A500 solen 2d's
respenses to the MSLB and I; envaror. ents was that ne condensing heat

rtransfer te an energtzed AS;; s:lene:d existed. This is reasonab?.e sin:e the |

surf a:e te perature of an energ::ed A500 solenoid ex:eeded the saturatton
torperature.

,

The medel of the ASCO valve was constru:ted in the polar system of
,

| coordsnates. T.ts ethod realistacally represents the basically cylandra:a1
asse-aly an wht:h the components are arranged in a concentric canner. To

'raxte.ize heat transf er to the coal and minimize therral lag, a vertical
section was taken through the valve so as to in:1ude the opening in the steel

9

yoke of the coil's magnetic circuits.
,

The results of the KEATIN35 analyses of the ASCO solenoid response to a |

MSL3 and the E2 test profile shew that both the housing surf ace tort.perature
4

*

and the coal terperature responses to the MSLB are bounded by the respective

| res;cnses to the EQ test profile This is sufficient to demonstrate

| qualification to the there41 effects of a MSLB.

|

|

|
'

!
' |

1

l

-11-
|
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4.2.1 Junctson Bowes

4.2.3.1 Terminal Blocks '

Qualification of the MSW terminal blocus ans?de junction boxes was
demonstrated by comparing the HEATING 5 results of the thermal resportse to the
MSLB prof 11e of a junction box containing the smallest * terminal block to the
results of the coeputer code for an identical configuration in the EQ test
profile. The heat transfer methodology employed was samilar to that used for
other components already descrabed.*

The model that was constructed for the HEATING 5 analysis of the terminal

block ansade a Junction box was a two-danensional section of the box taken
through the terminal blocks and the concrete structure to which it is attached.

,

A section thus chosen can be expected to mantrase the thermal shield:n; between
t.he envaronrent and the tern.nal blocks. Cor: duction of heat away f rom the
Junction box to the concrete heat sank would te neglagible for two reasons:

1. The con rete as a poor conductor of heat.

2. The attachrent poant between the junctaen box and the concrete wall
wea;d be expected to heat up f aster than the unction box because of
ats relatively low thermal e4:s. Heat wodd thus tend to flow f ror
the attachnent to the junction box housan;.

The resu'.ts of the HDTIN35 modeltn; of the thermal response of the
ternana' t'.ock ansade a Junction box indicate that the response to the Et

.
.

profale bounds the response to the MSLB profile. This evaluation represents
adequate demonstration of MSLS temperature profile qualification.

1

4.2.3.2 Cables and Splices

, Qualaf acation of the cables and splices inside Junction boxes was demon-
I

strated by calculating the transient thermal response of the inside surface
and the aar contained wathan an empty junction box. The basis for this

'

approach was that af the tenperature of the inside surface and the air,

contained within an onpty Junction box during a MSLB is bounded by the IQ test
profile for the most critacal cable and the splace then these itees are
qualafted for an MSLB event. This approach as reas' able and conservative

|

since the peak temperature of any piece of equaprent wathan the junction box -

cannot exceed the peax tePrerature of the ansade surf ace of box. The heat
.

-if-
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,

>

transfer methodology used an this model was the same as for the terminal block
with the gu'= tion box. The results indicate that the response of tha eeptyn

junction box is bounded by the EQ profile for the most limiting cable and the
splices. |

t
t

*
.

4.2.4 Limitorque Valve Operators
|

Qualification of the MSVV Limitorque valve operators was estabitshed i-

using the same approach as des:ribed for the equipmented discussed earlier.
'

Heat transfer between the environnent and the operator was defined by
coefft:1ents that were deterrined using the general approach described. No ,

special assumptaon was nade for this ecdel.

The tw:-d:~ ens enal model of the Lie: torque valve operator was the input
for the HEA7;N35 code :s an a::eptable representation of the physical dev;ce
for use an the therral analysas. *he analysis was conducted using a cross-
se:taonal rodel rade perpendt:ular to the ector through the electrical '

|

j co ponents. The retor was not included in the model due to its large nass.

I which would allow for at to 4:t as a heat sank. The rebults of the KEATING!

I model:n; of the Lan: torque valve operator indicate that the surface
3

| torperature durtn; an MSL5 :s bounded by the surf a:e temperature during E2
testang. This as to be expe:ted be:ause of the rather large mass und hence*

therra; anert:a cf the dev;:e. Consequently. the thern41 responses of the ;

operator :nterna:s would be sa alarly selated. Dr. this basis. thernal !

qua;;f::at;on of C . .; ; torque valve tperator is demonstrated. [
;

I 4.2.5 NAM 0 Lt-1: Sw ::h
! !

The approach to estabitshing qualification of the NAM 0 limit switch to [

; the thermal transient of a MSLB is the saee as was used for devices p eviously [
'

\
"

evaluated. The applacation heat transfer rethodology was consistent with a j

j reasonably a: urate predaction of the heat transfer mode which predominates at
any given time. No deva:e spe afic assumptions were applied to the NAMOO

switch model.,

| t

The model constructed as the input for the limit switch is two-dieen- !

: s:enal. A cut was taken so nat heat entered the device from ene sade. An
!

) ansulated boundary was defined on the other side. This boundary condation
t ,

a

i i

4 -17-
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.

a::ounted for the fact that therral diffusion across the netal cocponents on |

the other adde of the boundary was much slower than on the side where the
critical plastic coeponents were located due to a thern41 inertaa of the
parts, A: ordingly, for practical purposes, it can be assused that no heat

,

crosses that boundary. Consequently, the location of the cut is sustified.
The results of the analysis andicate that although the' surface torporature of
the limit swit:h housang during a kSLB exceeded the torperature during EQ

f

testing, the response of the terminal block (critical component) to the EQ
*

test profile beunds the response of the clock to a MSLB.

.

4.2.6 C4ble in Condu:t

Qualificat2on of the cable in conduit was demonstrated by a eethod
similar to that used for the other devices. A dire:t conparison of the cable- ;

in-conduit MSLB profiles with EQ test profiles could not be perforned because
only the :atie was suble:ted to EQ test:ng. The modeling was therefore
perforced using the conta:t temperature instde the conduit. This approa:h
provided :enservat:sr san:e the cable is sublected to more severe condation

f

during E; testang than at would be during an MSLB.

The spe::ft: assur;trons made for the KLA!!N35 analyses can be expe:ted {
'to g;ve results wath reasonable ac:uracy. The models negle:ted the ther.al

res;stan:e :etween the ca:1e raterial layers. This approa:h is centervative :

an that 2: would gave a faster heatup rate for the cable. A gap resistan:e of-

11 Stu/ft* nr/'r was ussi to rodel the contact between the :able and the !

condutt. Experinental results have been reported to anticate contact
2reststan:e etween : to 5 Btu /ft* hr/'r: therefore, a value of 1C Btu /ft hr/'r

is conservat*.ve, permitting faster heat transfer from conduit to cable. The

model used to determine response of the cable in conduit was constructed in

the rectangular coordinate system. Thas approach simplied the modeling since
the circular cross sections of the conductors were not concentrically arranged.
The conservatasm of the modeling was maintained by keeping the area bounded by
the rectangular representations the sane as that of the physical coeponent
sin:e this increases the area and hence the heat flux to the anternal com-
ponents. The effect of the thackness of hollow sections such as the conduit

-1!-



_ __

<

;

TER-C5 5 0 6-6 5 8

i

and wrap as ne;11 gable because the thickness is small compared to the other
|

danensions,. Representation of solid internal sections, such as conductors, in
re:tangular coordinates as justified on the basis that the temperature of the t

co ponent is dire::1y proportional to the atmospheric temperature in both

] coordinate syster.s. Consequently, if the response to an P"LB is bounded by
'

the response to the EQ test profile in the rectangular coordinate systen., the
a

same relationship can be expe:ted to hold for a model constructed in the polar
coordinate syste .

4
,

The results cf the analysis of the response of the cable in conduit to an

MSL3 event and the response to the EQ testing indi: ate that although the peak I

terperature of the :enduit during the MSLB event exceeds the peak temperature '

ca:1e temperature daring E; testing. the cable surf a:e therr41 response from
the MSLE at bounded by the cable surface te perature from E; testing. Tne
cable can :nus he considered qualified for the MSLB torperature profile on

:
this basis. 1

i
Ii

j !

i
t

'

i

i

I

;

i

1 *

,

'
i

f

t

!''

i ,.
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.

'

) |

'
i
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5. CONOLUSION

,

Based on the above evaluation, there if, reasonable assurance that the
heat transfer modeling accurately reflect 3 component temperatures during an
MSLB. Where ast.ue.ptions were required during the medeling, the Licensee
maintained a, conservative approach, providing addition ~al assurance that the

predicted component temperatures during an MSLB approach a worst-case
scenario. Therefore, the Licensee has effectively demonstrated that the
components located in the mair stea'm valve vaults ider.tified in Table 1 would

not exceed their qualified temperatare profile during an MSLB and may be
considered qualified for this condition,

j

!
.

U

|

l

1

l

i

|
.

4

|

|
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6. RETERINCES
.

1. General Design Criteria 1 and 3 of Appendix A to 10CTR50

2. Sections II;, XI. and XVII of Appendix 3 to 10CTR50

3. 10CrR50.49, "Environmental Qualification of Ele'etric Equipment
Important to Safety for Nuclear Power Plants"

4. Regulatory Guide 1.89, Rev. 1, "Environnental Qualification of
Electric Equipment Important to Safety for Nuclear Power Plants"

5. "Sequoyah Nuclear Plant - Electrical Equipment Qualification for a ;

Main Steam Line Break in the Main Steam Valve Vaults," Tennessee '

'

Valley Authority Subm:ttal with Letter Dated August 13, 1986

6. "Sequoyah Nuclear Plant - Additional Information on Sequoyah* s
Equ:pment Qualification Under Superheat Conditions," Tennessee Valley
Authoraty Submittal with Letter Oated December 23, 1986

7. "Sequoyah Nuclear Plant - Additional Information on Sequoyah's
'

Equ:prant Qualificatien Under Superheat Conditions," Tennessee Valley
Authority Submittal with Letter Oated Tebruary 17, 1987

8. Tinal Work Assigr.nent No. 14. Transmitted by S. Bajwa (NRC) t: Dr. S.
Pandey (TRC) on Never.ber 6, 1986

* ,

.

I

|
,

1

1

1
i
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EXECUTIVE SUMMARY

Specific concerns brought up by TVA employees indicated several areas of the
TVA welding program at the Sequoyah Nuclear Units 1 and 2 (construction and
operation) which, if accurate, question the adequacy of the program. This,
coupled with the utility's review of various quality indicators (NRC inspec-
tions, audit findings, etc.), suggested that conditions existed in the TVA
welding p'rogram which did not meet industry / regulatory codes or standards.

The utility's approach to resolution of the Employee Concern Program was to
evaluate the concerns with a three-way investigation. The first evaluation
consisted of a review of a sa=ple of documents from the plant which were com-
pared to TVA's commitments to the USNRC. In the utility's Phase I report,
they believed that these commitments had been met with the exception of
preveld inspections.

The second approach to the resolution of the Employee Concern Program by TVA
was composed of two independent audits of the Sequoyah welding program. The
first audit performed by Aptech Engineering consisted of an in-depth ravic ' of
the two units' PSI /ISI programs. This audit, in general, concluded that the
welding program contains the necessary controls to ensure a high quality of
welds. An additional independent audit of the velding program at Sequoyah was
perfor=ed by Bechtel Engineering. The Bechtel team expended thirty auditor
weeks (five-member team) and audited all aspects of the welding program (both
construction and operations). This audit discaosed no findings relative to any
employee concerns, but did observe that many TVA documents were ".... confus-
ing, overlapping, repetitive and unclear".

The third segment of the TVA investigation consisted of a sample peinspection
of 333 Class 3 piping veldr.15 spiral duct welds, and 403 structural joints
by TVA inspectors. As a result of this reinspection, the utility concluded
that all of the reinspected weld joints meet design requirements and that
additional reinspections (by the utility) are not required.

The USSRC's evaluation of TVA's response to the Employee Concern Program
consisted of reinspections at the plant (both the Region 1 NDE Van and a
combined NRC and BNL Welding Team audit), and the forration of an expert
welding tea =, under BKL contract, to review TVA's resolution of welding issues
and to eake recommendations on the adequacy of TVA's corrective action. This
;eam co..sisted of five independent experts in the fields of welding /
caterials/ structural engineering. The team evaluated the TVA investigation
and responses to 117 concerns (either specific or genecic) relative to the
Sequoyah units. These evaluations found areas of the Sequoyah velding program
which suffered programmatic breakdovn. Various questions on these areas have
been transmitted to the USVRC for forwarding to the utility. Since there were
these areas of "progra=matic breakdown", it becomes necessary to address the
question of the adequscy of the Sequoyah velding utilizing a hardware inspec-
tion approach.

Three NRC inspections involving the Sequoyah units were perf ormed. The first
NRC inspection was performed during February 18-28 198o. This inspection i3

included 417 inspector hours on site ta evaluate TVA's reinspection !

i

l

1
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The second inspection took place in February 1986, by the NDE. Van. Thi s
involved the inspection of 40 pipe weldsents (Class 3, either dye penetrant or
magnetic particle inspection), 361 structural weldrients visually inspected,
and 46 piping welds (ANSI B31.7) visually inspected. This report concluded
that "..... the NRC findings were representative of the types found by the

.

licensee." '

*

The third NRC reinspection cook place in June-July 1986 and involved 30 pipe '

welds. 502 pipe support velds, 31 instrument tubing velds, 120 instrurnent
support velds, 130 structural welds (electrical), 280 HVAC support welds, and
100 structural velds and generally concluded that the 41censee complied with
the governing codes and specifications for the welds examined.

A review of the evaluations and inspections perforned to date have shown that
the Sequoyah units have suffered some areas of."prograusatic breakdown," but j
the hardware itself does not have any defects of great detriment or magni- I

tude, nis being the case, if questions posed to TVA are answered to the |NRC's satisfaction, then the welds at the Sequoyah units are deemed "suitable i

for service." I

The expert welding team has also ser.t separate summaries of their
technical opinions of the exployee concern program for the Sequoyah units,
which is also part of the TER.

|

|
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1.0 INTRODUCTIOh'

l.1 Background
,

Various qu'ality indicators (e.g. , KRC inspections, audit" findings, non-
confcreance reports, etc.), manifesting the=selves during the construction of
the TVA nuclear units, directed the utility toward possible existing condi-
tions in their velding program which did not meet industry / regulatory codes or !

'standards.

Specific concerns brought up by TVA e=ployees also indicated several areas of
the TVA welding program (both construction and operations) which, if accurate, ,

additionally question specific practices at the various TVA units.

The NRC requested a meeting with TVA in order to diecuss these welding program
concerns and provide a listing of various co==ents and questions by the
regulatory body on the adequacy of the TVA welding program. The utility
evaluated these co==ents and presented a two-phase plan to the KRC at a public
eeeting on January 7, 1986. These two phases would be applicable to each of
TVA's nuclear plants and would involve: I.

Ensuring that the TVA welding program which is currently in effect.

adequately reflects the regulatory requirements and TVA's com=1tment ,

to sa=e.
,

Evaluation of the imple=entation of the TVA welding program and I.

verification that field weldwents are adequate for service.
,

1

The first phase of the Action Plan is stated in Volume 1 of the Project Review
*Plan:

Review TVA co==itments to NRC.

Verify that written program reflects commitments:.

Determine that welding related commitments are reflected in design-
,

output.

Determine that construction and nuclear operstions prograss, as-

applicable, reflect design output and quality requirements.
.

Assemble welding program quality indicatots (including employee weld-.

ing concerns) by type and plant. *

! Analyze and evaluate effect of quality indicators on programs. :.

1

Issue adequacy statement regrading written programs to implement /.
,

control welding. I

i
The Phase II program is broken into two parts: |

|

Independent Audits. .

Rardware Inspections and Corrective Actions |.

|

I
!
I

l
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;

1.2 Independent Audits

This part of the program is to encompass an in-depth auditing of the utility's
~

welding program. It is to be approximately one month in duration accomplished
by a five can audit team. The audit is to cover ASMI and AWS, as well as non- -

ASMI saf ety-relatec applications at the site. '

l.3 Hardware Inspections and Corrective Actions

A reinspection program was devised by TVA, with NRC concurrence, for selective
structures of systems from six different groups. This program consists of in-
spections of a minimum of 100 welds from each group. The six groups include:

1. ASMI Class 3 and ANSI B31.1 welds and attachment welds

2. Supports associated with Croup 1 (above)

3. Cable tray / conduit supports

4 Miscellaneous structures

5. HVAC support velds

6. Butt welds on spiral velded ducting
!

The pipe welds were to be reinspected to ANSI B31.1 or 831.7 using both visual |and nondestructive (surface only) examination and the structural welds exa=- '

ined in accordance with NGIG-01 (4). !

The results of these inspections and audits are described later in the TER and
were documented in the "Tennessee Valley Authority Velding Project, Sequoyah
Nuclear Plant, Phase 1 and Phase 2 Review and Program Results".

>

.

2.0 FOPp.ATION OF THE EXPERT VELDINC TEAM

l

The excessive number of employee concerns expressed by TVA employee's regard-
ing the utility nuclear units generated suf ficient concern in the USNRC to
form a triumvirate NRC team (NRR, I&E and Region II) sanage the overall NRC
staf f activities including the TVA resolution to t'.ieir welding concern
program.

Part of the KRR responsibilities was to: * Contract with Brookhaven National
Laboratory (BKL) to constitute an expert team to review TVA's resolution of
welding issues and to aske recommendations on the adequacy of TVA's corrective
actions, as appropriate."

The implemention of these responsibilites was realized in the form of two
|contracts to BNL entitled "Evaluation of Welding Concerns at TVA Operating

Reactors," FIN A-3839, and * Evaluation of Concerne at TVA Near-Tern OperatingLicenses,* TIN A-3836. ;

'

i

|
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The contract under FIN A-3839 is specific to this TER and has as its objec-
tive: The formation of a panel of independent experts in the field of welding /
materials / structural engineering to evaluate the utility response and action
plan for addressing the employee welding concerns. The work requirements for '

the contract are:
*

. ,

e

Task 1: Secuevah Nuclear Power Station
I

1. BNL will contact, iscue and administer subeontracts to various welding /
,

structural engineering experts in order to form the welding team.
<

t

2. BNL will coordinate the receipt and appropriate distribution of TYA's ,

resolution of the welding concerns and various supporting documents to ,

the team necessary to develop a coeprehensive and informed evaluation of i

the TVA welding program.

3. BKL will convene, coordinate and schedule team meecings as necessary to
=eet the program objectives.

4 BNL will review and evaluate the TVA welding program as a full partic- f

1 pant of the velding tes=. !
i

5. BNL will evaluate and categorize welding e neerns received f rom TVA and
distribute as necessary to the team members.

,

;

6. BKL will coordinate and schedule field inspections if necessary for team
eembers to assess the progras implementation and the structural integrity i
of affected components. The team is composed of experts in the various
fields involved with welding. The welding team see,retary 10 Carl J.

|Czejkovski, a BNL Staf f Research Engineer specialized in f ailure analy- ;
sis, welding and metallurgical investigations. Every effort was made to
verity that this team did not have a preconceived bias relative to the

,

utility and ths NIC. Based on the above, the following list was proposed '

as the team of onsultants: [

William D. Doty An independent consultant, forserly a Technical !
Director of U.S. Steel's Reseatch Center; ,

author of several books and numerous papers; a |
Member of Velding Research Council and Prussure r

Vessel Research Committee. I
e ,

Carl E. Martbower An independent consultant, formerly Chief
Velding Engineer at FRA, NRL; AWS D1.1 membe r.

; Paul E. Masters An independent consultant, formerly Chief
Velding Engineer at American Bridges Co.,

;

advisory member to AVS Dl.1 Con =1ttee.
7

I
'

William H. Hunse Professor Emeritus of Civil Engineering,
University of Illinois; member of AVS & AISC
Code Committees. |

1

(
l

f
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Robert Stout Dean Eeeritus Lehigh University, specialized in *

welded steel structures; author of several
books and numerous technical papers on the i

subject. -

More coeplete copies of the resumes of the welding team .are listed as Attach-
=ents (1-6) to this TER.

r

Additionally, in April 1986, the BNL effort was enhanced by the addition of
Mr. Milford H. Schuster (resume - Attach ent 7), foreerly of Long Island
Lighting Company. '

,

As of the writing of this TER, the team has had tso group meetings (totaling
3-1/2 days of effort) and each member has been to the Sequoyah site for dis- |cussions and weld inspections (Attacheents 8 and 9). Additionally, all infor-
cation relative to the cencerns has been sent and reviewed by the team. A
three-day meeting was also held between Messrs. C. Czajkowski and M. Schuster ;

(BNL), D. Smith (NRC/NRR) and C. Georgiev (KRC/I&E) on May 13-15, 1986. At f

this =eeting, the concerns relating to Sequoyah Units 1 and 2 were categor-
tized. The categorization was made in six groups: '

>

1. Welding Procedures
;2. Welder Qualification / Training
i3. Velding lespe tions

4 Veld Design and Configuration |
;5. Tiller Metal Control

6. Miscellaneous /One of a Kind '

,

The first five groups were considered to be essential elements in any welding
progrs= which would be necessary to assure that a welding program was adequate i

to produce a sound weld as an end product. Into the six categories, all of
the concerns (both generic ar.d Sequoyah-specific) were divided. The total ,

'

input for the concern listing came from three sources:
'
,

1. A Franklin Institute listing dated 3/21/86 (F).
2. A list supplied by TVA as the "Concerns" applicable to the Sequoyah

units (71).
,

3. The contents of Appendices 5.1 and 5.2 of the TVA Welding Project
Phase II Report-Volume 3 (T2).

These three sources were cross-checked one against another and a total listing
of concerns generated. The concerns were placed in the categories with these ,

!

results:

1. Welding Procedures O concerns-

2. Welder Qualification / Training 27 concerns-

3. Velding Inspection 48 concerns-

4 Weld Design and Configuratico 7 concerns-

5. Tiller Metal Control 26 concerns-

6. Miscellaneous /one of a kind 9 concerns-

TVA VOL 2 4 Appendix 0
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This totals 117 concerns (either generic or specific) for the Sequoyah Nuclear
Units. These concerns and the utility response to these concerns were evalu-
ated in detail by the welding team and are contained in Section 3.0 of this
TER. There were 26 specific concerns relative to Sequoyah (T2) with the
balance being Vatts Bar concerns with possible generic implication for the
Sequoyah un'it s.

3.0 EVALUATION OF EMPLOYEE CONCERNS

lt had been previously determined (Section 2) that there were 117 em-
ployee concerns considered applicable to the Sequoyah Units and that these had
been divided into one of six categories. This section of the report will list
the e ployee concerns for each of these categories, the reference for how the
concern was determined (Tranklin Institute Report (F), TVA original submittal
(TI), Appendices 5 1 er 5.2 of firal report (T2)), the TVA Report which an-
swered the concerns, and a brief description of the concern. A welding team
evaluation of the concern is also included in this section.

It should be noted that the exact number of concerns may dif f er f rom
various reports and lists due to the continuous updating and overlapping of
concerns (generic or specific). This TER has therefore listed all of the
concerns that the BNL team consicer to be Sequoyah applicable. Even though
some differences may occur, it is believed that all major categories (fit up
inspection, had electrode, etc.) of the concern program have been evaluated.

3.1 Caterory 1 - Velding Procedures

There were no concerns found to be specific for this category.

3.2 Caterory 2 - Veldinc Qualifications / Training

This category had 27 concerns associated with it, as listed on the following
page.

,
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Report Number
Concern Responding Brief Description
Number Reference to Concern of Concerns

EX-85-042-003 F.T2 VP-03 All positrions based on WQ 2Q
posit ion

EX-85-021-002 F,T1,T2 WP-03, No objectives evidence WQ
IN-85-426-002 T1 T2 k7-03 Updating welder certs

inadequate based on bead on
plate

IN-85-346-003 T1.T2 WP-03 Updating velder certa
IN-85-480-004 F,T2 WP-03 Updating certs irregularity
PH-85-052-002 F,T1,72 VP-03 Updating and backdating of

welder corre
PH-85-052-X03 F,71,T2 k?-03 Welder certs classified
IN-85-352-001 T2 VP-03 Welder cert

updating-just burned rod
15-85-424-011 T2 WP-03 Welder cert '

updating-card stamped
IS-85 493-004 T2 WP-03 Welder cert inadequate
IN-85-532-005 T2 WP-03 Welder cert recertified

without having used process
15-85-835'002 T2 VP-03 Welder recerts by stamping
IN-85-778-001 T2 k?-03 Welder recerts updating
IN-85-940-XO4 T2 WP-03 Welder recerts updating

*

15-85-113-003 T2 WP-03 Welder racerts stamped every
90 days; no rod burning

IN-85-770-002 T2 VP-03 Update on welder certs
1N-85-627-036 T2 VP-03 Welder certified / backdating
IN-85-706-001 F,71.T2 WP-07 Welder insufficient velder

training and exp.
XX-85-045-001 F,T2 VP-07 Insufficient welder training
XX-85-049-001 F.T2 1-85-135-SQN Updating and backdating of

welder certs
XX-85-049-X03 F,T1.T2 1-85-135-SQN Welder certs classified
XX-85-101-006 F,T!.T2 ERT XX-101-006 Welder performed welds

without proper certs
SOM-6-005-001 F.T2 1-86-115-SON Welder passed though

qualification fa: tified
SQM-6-005-X02 F,T2 I-86-Il5-SQN Welder certs records

falsified
XX-85-088-003 T2 ERT XX-088-003 Alteration of welder certs

by correction fluid
XX-85-088-X04 F ERT XX-85-088-X04 Correction fluid on welder

certs
XX-85-088-001 F.T2 ERT XX-088-104 Welder certs altered

(Knoxville) correction
fluid

_
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3.2.1 Seventeen of the 27 concerns were answered by Welding Project Ge ne ric
E ployee Concern Evaluation Report VP-03. This report addressed the following
five issues:

Issue #1: Walder Perfor=ance Qualification (WPQ) contipuity records havc been
backdated.

TVA Evalustion: Welder Perfor=ance Qualification Continuity Records have not
been backdated. This issue is not substantiated. This issue is closed by
this report.

Issue #2: VPQ continuity records have been falsified.

TyA Evaluation: Welder Perfor=ance Qualification Continuity Records have not
been falsified. A detailed investigation of these issues was performed by
NSRS and docu=ented in NSRS Report I-85-135-SQN. Both these issues were not
substantiated. The investigation did, however, discover that program i=ple-
=entation had been deficient and that NO had already taken steps to correct
identified deficiencies. The Bechtel SQN I=pler.entation Audit conducted in
January 1986 determined that both OC and No progrs=s for these activities had
been eifectively i=ple=snted prior to the NO audit. Based upon this analysis,
these issues are closed pending the co=pletion of the corrective actions !

regarding review of Welder Perf ormance Qualification Records as outlined in
NSRS Report I-85-135-SQN. .

Issue #3: The VPQ continuity program is inadequate because there is no ;

objective evidence to confirm actual process usage when VPQ continuity records
are sta= ped by QC.

*TVA Evaluation: This issue was not substantiated because it related to WBN
practice. All velders who have transferred to SQN from other sites have
successfully passed a requalification test administered at SQN.
I=ple=entation deficiencies discovered by SQN, NO, QA have had corrective ,

actions initiated. This issue to be closed based on the above actions.
>

Issue #4: The VPQ continuity program is inadequate because continuity can be
maintained by running one veld bead.

Issue #5: A one-position test plate is not sufficient to reinstate all VPQ i

tests.

TVA Evaluation: Issues 4 and 5 are acceptable practices and are to be closed I
!on that basis.

3

Expert Veldine Team Evaluation ( All 5 Issues)

In general, the investigation (NSRS-I-85-135-SQN) appeared to adequately cover
the essential bases for the TVA evaluations. There is a need for more
information, however, on the status of corrective action implementation of
ites I-85-135-SQN-02 from the NSRS report. The veldinC project report does
not mention this ites in its evaluations of the problem.

TVA VCL 2 7 Appendix 0
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I-85-135-SQN-02 - Corrective Action Backfit Evaluation

"TVA formal corrective action processes such as corrective action reports,
nonconformance reports, etc., should be evaluated to include a backfit evalua-
tion provision to determine if the identified deficiency requires such action
to provide substantial, additional protection for the public health and safety
or the cosmon defense and security."

3.2.2 VP-07 was used to address two employee concerns, IN-85-706-001 and
XX-85-045-001. The issues involved in these concerns were:

1. The TVA Welder Training Program is inadequate for nuclear construc-
tien.

2. Velder perf ormance qualification tests do not test a welder's overall
ability.

TVA Evaluation

The utility felt that these concerns were unsubstantiated for the following
reasons:

1. There is no requirement relative to welder training programs.

2. The base requirement for welder skill is the Welder Performance
Qualification Test Program.

3. The Velder Performance Qualification Test Program is outlined in
both the OC and NO, QA programs.

4 The Bechtel SON Implementation Audit has established that these
programs have been and are being effectively implementated by OC
and No.

.

5. No indication of a generic welder skill problem was discovered by
the SQN Reinspection Program.

Expert Veldine Team

The expert welding team agreed that sufficient investigation and followup had
been perfcmed by the utility. It was additionally agreed that there is no
requirement for a welder training program by current codes or standards, since
the "proof test" of a welder making a sound weld has always been his/her
performance qualification test. Additionally, the welder performance test was
never intended as a gauge of a welder's overall ability; it is merely a method
of determining the particular velder's ability to produce a "sound weld" with
a specified procedure.

3.2.3 NSRS Investigation Report No. I-85-135-SQN was used to evaluate
conce rns XX-85-049-001, X03. The issues involved were:

_

Issue fl - Sequoyah: Velder certifications have been updated for welders who
did not meet update requirements or backdated to give appearance of
requirement compliance.

TVA VOL 2 8 Appendix 0



.

-9-

,

Issue #2 - Sequoyah: Welder certification card falsified. Construction
Department concern. CI has no more information.

TVA Evaluation: The utility feels that although I above was substantiated,

the two co,ncerns can be closed out for the following reasons:

1. The concern that the velder update (continuity) requireeents were not
being met was substantiated and had been identified recently in a QA
audit finding. All active velder records have been properly updated i

'

by supporting documentation or the welder retested.

2. The concern that records may have been backdated in order to give an
appearance that the welder was qualified could not be substantiated.
There were some clerical-type errors where incorrect dates were
entered on welders' records, but these were corrected when a review
identified discrepancies between welder continuity record sheets and
supportive documentation (i.e. , welder performance qualification
record). In addition, the toolroom clerk may have missed entering
weld filler zaterial draws on a welder's record and correctly updated
the continuity records later, but this la not considered backdating.
No evidence was found that indicated falsification of records had
occurred.

3. There appears to be no saf ety concern since all active welder records
were either corrected or readily restored to requirements. Also, all
safety-related welding is independently inspected per an approved OA
program.

4 Corrective Action Report SON-CAR-85-09-14 (Ref. 13) did not address
the consequences of the previous (nonective) welder continuity
progra=.

4

Expert Weldine Tese

The expert welding team agreed with the corrective actions and investigations
associated with the welder falsification concern. It did not, however, feel
that sufficient information was presented on the eight welders identified in
I-85-135-SON (e.g.):

1. Did they pass their retest the first time?

2. Did TVA inspect any welds made by these welders while they were
"out of certification?"

3. How long were they out of certification?

4 The eight velders found out of certifici<. ion were out of all ,

welders reviewed or just the twenty-five? I

I

'

3.2.4 Concern XX-85-101-006 was investigated by ERT Raport XX-101-006. Thi s
report had as its issue that a welder performed welds without having the
proper certification. The report substantiated the concern and had four

i

recommendations. ;

i

:
i

i
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TVA Evalation

|
Appendix 5.2 of the TVA Report states "WP has determined that this analysis
missed the point of the concern. WP recommends this concern not be
substantiated.....".

*
i.

Expert Welding Team '

iBefore any evaluation can be made on this concern or report, more inf ormation jis required from TVA on why the report and recommendations are dismissed.

3.2.5 NSRS Report No. I-86-115-SQN was written in response to concern s
SQM-6-005-001,X02. The issues involved were:

1. Whether a known welder was capable of making proper welds.

2. Whether there was collusion to certify this velder resulting in ,

falsified records.

TVA Evaluation:

1. The concern that the welder in question was incapable of making
proper welds was partially substantiated by virtue of the poor r

perf ormance evaluation of work performed in the turbine
building. The velder does make adequate velds in the shop.

;

2. The concern that the welder was passed by collusion between
engineering and the general f oreman resulting in f alsified
records could not be substantiate).

Expert Weldine Team

The concern appeared to have had adequate investigation and corrective action
by TVA. This concern appears to be a management problem and not a hardware or
a safety issue.

3.2.6 The last three concerns in this category XX-85-088-001, D03 and XO4 all
iinvolved the use of correction fluid in altering welding certifications. '

TVA Evaluations

XX-85-088-XO4 and 001 were substantiated by a QTC report (same number a s
|concern). 1}ue investigation showed that no substantive inf ormation was

obliterated.

Concern XX-85-008-003 was considered unsubstantiated by the investigation
report. -

Expert Velding Team
l

The welding team agreed that -003 was unsubstantiated from the available data I

reviewed. It should be noted that in the two cases of substantiation, no
corrective action was considered necessary. In the unsubstantiated case, the
review was limited to only those "hard copies" available, a limited scope.3.3

I
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3.3 Ca t e g o ry 3 - Welding Inspection

There were a total of 48 concerns in this category.

Report Number .
,

Concern Responding to Brief Description

Nu=ber Reference Concern of Conca:ns
t

IN-85-282-002 T2 WP-11 Surface grinding

PH-85-040-001 T2 WP-02 Inspection thru paint

WI-85-013-003 T2 VP-02 Inspection thru paint
!WI-85-041-006 T2 WP-02 Inspection thru paint

WI-85-041-008 T2 WP-02 Inspection thru paint

IS-85-458-001 T2 VP-02 Inspection thru paint

1N-85-767-003 T2 WP-02 Painted welds
WI-85-030-008 VP-02 Inspection thru paint

IN-85-406-003 T2 WP-04 No inspection tools

IS-85-134-002 T2 VP-04 No tools
IS-85-007-001 T2 WP-04 No tools
IN-85-007-003 T2 WP-17 Vendor welds
IN-85-657-001 T2 WP-17 Vendor welds i

IN-85-127-001 T2 WP-17 Bergen Patterson/ Vendor veld
appearance

SOM-5-001-001 T2 WP-16 Undersized socket welds
SOM-5-001-002 T2 WP-16 Preweld inspection by fore =an
IN-85-212-001 T2 WP-16 Weld inspection

IN-85-406-002 T2 VP-09 No inspection criteria

PH-85-012-XO3 F,T2 VP-05 Dele t e d HVAC f

XX-85-069-001 T1,T2 ERT Report NDE certs
XX-85-069-002 ERT Report NDE certs
XX-85-069-003 T1,T2 ERT Report NDE certs t,

XX-85-069-006 ERT Raport NDE certs
XX-85-069-OO7 T2 ERT Report NDE certs
XX-85-069-X13 T1 ERT Raport NDE certs
XX-85-069-003-R1 T2 I-85-738-SQN NDE certs |

XX-d5-069-X05 T1,72 1-85-738-SQN NDE certs
XX-85-069-XO7 T2 I-85-738-SQN NDE certs ;

XX-85-108-001 72 1-85-776-SQN No inspections performed
XX-85-108-002 T2 I-85-776-SQN No inspections socket welds

I N-8 5-001-005 F I-85-753-WBN Vendor welds
XX-85-054-001 T2 I-85-346-SQN QC inspectov sign off

XX-85-065-001 T2 1-8 5-7 50-SQN Remote inspectico

XX-85-083-001 T2 I-85-652-SQN Poor welding inspection

XX-85-102-011 T2 1-85-735-SQN Different pregrass i

IN-85-981-001 F,T1,72 VP-06 Poor trsining of inspector i

WI-85-041-002 F,T1,72 WP-06 Inspector quals.
|IN-85-476-004 F,T2 VP-06 Inspector quals. 4

SQM-6-008-001 F Undersized socket welds
VBM-5-001-002 T2 WP-16 Preweld inspection by- foreman
WI-85-081-007 T2 WP-06 Inspector not qualified

TVA VOL 2 11 Appendix D
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3.3 (Cont'd)
,

Report Number
Concern Responding to Brief Description '

Number Ref e rence Conce rn of Concern

KX-85-098-001 T2 WP-18 Laminated piping in Unit 2
NS-85-001-001 T2 WP-02 Inspection of welds thru paint
IN-85-271-001 T2 VP-02 Surface grinding of welds
VBM-5-001-001 T2 VP-16 Preweld inspections
BEM-5-001-001 T2 VP-16 Preweld inspections
BEM-5-001-002 T2 VP-16 Preveld inspections
BFM-5-001-002 T2 VP-16 Preweld inspections

3.3.1 Nine of the concerns were responded to by WP-02. The issues involved iin these nine concerns were:

i1. Specifications allow inspection of welds af ter painting or coating
with inorganic sinc primer in violation of FSAR and AWS requirements
siter tests demonstrated that adequate inspections could not be made.

;
2. There may have been/were welds inspected through primer.

t

3. Inspectors did not understand thickness provisions for primer and
could not have performed an adequate inspection.

4 NRC involvement in approving procedure for inspecting weldsthrough paint.

TVA Evaluation

The four issues were considered not substantiated for the following reasons:
1.

Procedures were and are in ef fect for OC and NO. respectively,
which provided for initial inspection of welds prior to painting.

2. The Bechtel audit established that those proce4ures were
effectively implemented for both oc and No.

3. NRC does not formally approve or disapprove specific coastructionpractices.

Expert Velding Team

The team believed that sufficient investigation had been performed on these
concerns due to the fact that inspection thtm!gh paint was not allowed at
SQN. The team agreed with the utility's findings.
3.3.2 Three concerns were addressed by WP-04 The major issue of these threeconcerns was

1. Welding inspection tools were not issued to velding inspectors.

TVA VOL 2
12 Appendix 0
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TVA Evaluation

The utility considered these concerns unsubstantiated for the following
reasons:

1. Weld inspection tools were and are furnished to welding inspectors.

2. More sophisticated inspection tools were furnished to velding
inspectors as they became courercially available and as the need
for more percise verifications,of weld attributes was identified
through program improvements.

3. Records were and are available which document the purchase and
distribution of these tools.

Expert Velding Team
i

It was felt that sufficient investigation was performed by the utility to
close the ite=. It was also deemed prudent that a definite number of
available records should be reviewed by the I&E Audit Team (July 1986) to i

verify issuante of inspection tools. This could not be accomplished and
should be reviewed et some later date by the KRC.

t

3.3.3 Three concerns were aimed at vendor velds and were addressed by

VF-17-SON. The issues involved vete:
,

1. Vender velds are not of the same quality as TVA field welds.

2. Vendor velds are not inspected in the field.

TVA Evaluation
i

The utility investigated ar.J substantiated these vendor welds and drew the
following conclusions: ;

1. The employee concerns are substantiated as they relate to the
observed general condition of vendor welds.

2. A similar probles had been identified, reported, documen;ed, +nd j
1dispositioas) to accordance with applicable QA prog 7am requirements

at VEN.

Expert Velding Team

The team was in agreement that the investigation and follow up was adequate
but felt that some additional information was required:

1. Were B-P hangers rejected at receipt inspection er post-facto as
part of the concern investigation?

2. What was the inspection criteria for the hangers at the plant?
At the vendor's shep?

TVA VOL 2 13 Appendix D
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The above two questlons are not in thw scope of the EWT but would more ade- i

quacely answer the issues raised. '
,

3.3.4 Nine concerns were evaluated by WP-16-SQN. The issues involved with !these nine, concerns are:
*

1, De uncertified welder foremen perform perform preweld inspections?
.

4

,

2. Is this a violation of the TVA Quality Assurance Program?
3. Is this a violation of ANSI N45.2.5 requirements?

TVA Evaluation
i

The issues considered in these concerns are not substantiated for the con-
a

struction era at SQN but are substantiated for the Nuclear Operations era due *

to the following reasons
e

|1. SQN construction had a program in place which contained pro-
}cedures which adequately addressed the 41eseets of ANSI H45.2.5.

2. Nuclear Operations has identitled this issue as an ares of noncoa- (pliance and has documented this noncompliance in accordance with QA
program requirements. Corrective actions have been implemented whi:h r

completely address this issue and confirm no effect on hardware.

Expert Welding Team

The team believed that since the utility has now com Itted to fit up I,
inspections (NO) by certified QC inspectors that adequate corrective action '

has been implemented. The utility has not adequately answered the question
ifor construction since they did commit to N45.2.5. This standard does state t

"This inspection shall include visual examinations of preparttions..." in ,

section 5.5 entitled "Welding." Additionally, Section 2.4, "Personnel Qual- |
*

ifications" requires that "personnel perf orming tes. : and inspections required !by this standard shall be qualified in accordance with ANSI N45.2.6. Per-
sonnel performing field inspection and testing activities shall be certified
f or Level I capability.> .". More information is required of the utility on
this apparent violation of the ANSI standard for the construction phase of
SQN. This instance sight also be a possible violation of Criteria X and I of
10CFR50, Appendix 3.

;

3.3.5 Concern IN-85-406-002 was answered by VP-09. The concern expressed
was:

1. Prior to 1979, there was no specific weld inspection criteria for use
by inspection personnel.

TVA Evaluation

This issue was not considered substantial for the following reasons:

TVA VOL 2 14 Appendix 0
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1. Inspection procedures which delineated code and standard requirements
were in effect at SQN for OC.

2. The Bechtel SQN Implementation Audit provides an independent veria
fication of the adequacy of these procedures.

..

Expert Velding Tese

The investigation and explanation by the otility adequately answered the
*

concern.
'

3.3.6 Two concerns were related to spiral-welded pipe and had the following
issues answered by V7-05-SQN.

1. ECT piping is too close to wall for adequate access for welding.
!
!2. Velds should be welded and inspected from the inside of the pipe to

assure adequacy. :

4

3. Velding and brazing inspection say have been/vas deleted from the i

QA progra= without adequate justification.

TVA Evaluation

Issues I and 7 were substantiated due to:

1. It has been determined by direct inspection that there are areas of
spiral weld duct which are not welded on the outside diameter because ,

of the close proxicity to walls and other barriers in similar t

syste=s,

2. It has been deternined by direct inspection that welds have been
nade and sd sequently inspected on the inside diameter of the spiral
weld pipe where there are corresponding areas which are not velded on
the outside diameter. Issue three was not substantiated because
there was a program in place for welding inspection on duct work and
duct supports doing construction at SQN.

,

Expert Velding Team

The follow-through and investigation by the utility was adequate to cicse out
these concerns.

3.3.7 Six concerns related to FDE inspectors were answered on an ERT inves- }
tigation report which had the following issues ;

1. Employees OJT (on the job training) records have been falsified. ,

,

TVA Evaluation ;

Appendix 5.2 of the TVA final report, page 1 of 2, lists concerns XX-85-069-
001, 001-RI, X05 and XO7 as being closed by NSRS Report I-85-373-NPS with "No

,

,

I
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falsification of records sas substantiated. VP concurs with report recom en-
dations." The ERT report addressed six concerns on OJT and determined that
the concern was substantiated and had the following recomrendations.

The results of this investigation clearly it.ficated both a proFrat=atic break-
dovn and falsification of records within the TVA NDE training / certification
progra=. Based on these findings, the following is recommended:

,

1. The turnover of this report to the Office of General Counsel (OCC)
,

for investigation of legal wrong doing, and ,

2. TVA issue an in-ediate stop work order against the certification of
NVE inspectors until such tire as the situation can be evaluated and
corrective action taken. ,

Expert Veldine Tese '

L

No additional evaluation can be done until more information is received re-
garding these recom=endations. i

The information needed is: ,

1. Were any MT/PT/ Visual reinspections done on any of the "uncertified /
unqualified" inspectors?

2. Volumetric examination was not really addressed. What is the impact
on ISI/ PSI previously inspected welds? Did any "qualified" individu- '

als reinspect any "enqualifiec/ uncertified * inspectors'previously ;
accepted work? '

,

3.3.8 Three additional concerns on NDE certification were addressed by NSR5
Re por t I-85-738-SQN. This report dealt with the follovios issue:

1. Sequoyah: Very of ten, rejected items are accepted by someone other
than a supervisor or a higher level (grade). To illustrate the '

point, CI stated that the supervisor will send another examiner /
inspector with less qualification and experience to reexamine the
once rejected items and wiAl get acceptance. ;

I

TVA Evaluation

The utility found that the concerns were not substantiated based on the
following:

1. Previously rejected itema have been accepted by a second examiner who
was a certified Level !!! examiner. Du each occurrence the examiner
would note on the NOI and the corresponding data sheet the basis for
teceptance of the ites which, in effect, voided the NOI. This pro-
cess does not appear to violate any specific regulatory requiraneet
or ASME rule applicable to the ISI program.

TVA VOL 2 16 Appendix 0
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2. Previously rejected itees have been accepted by Level II NDE exam-
iners who were designIted as Acting NDE Unit Supervisor. The accep-
tances occurred when Part III of the associated NOI was completed by
the acting supervisor. This process does not appear to violste any
specific regulatory tequiremen' or ASMI rule applicable to the ISI
program. -

3. One NOI was found to have part 11I closed without do.u=enting that
all of the corrective tction had been completed for the affected
item. This occurrence is a fcilure to meet the intent of existing
program requirements (reference 6e). This NOI does not clearly fit
the CI's description; however, no other examples could be found which
support the stated concern.

Expert Veldint Team

Response appears adequate if the follow up and corrective action is completed
(TVA Evaluation 3).

It should be noted that the procedures for handling N01's had risivading and
insufficient inf orv.ation to make th s- handling of NOIs consistent. This ap-
pears to be a sy2ptoastic condition te many TVA procedures. The confusing and
misleading procedures were also discussed by the TVA sponsored Bechtel Audit
performed at SON.

3.3.7 Two concerns regarding lack or inspections of socket valds were evalu-
sted in Report I-85-776-SQN which dealt with the following issuest

1. Seg;oyah: C/I states velds in Unit #1 accumulator rooms and/or fan
roo=s were never inspected. Time frase is nine or ten years ago.
Velds on 2' stainless steel (socket welds) and hangers on the radius
pipe in those areas. C/I has no additional information.

2. Sequoyah Programmatic breakdown on the weld inspection process.
Nine or ten years ago C/I states that some welds on 2" stainless
steel socket welds were not inspected as required. C/I has no
additional inf ormation.

i
TVA Evaluation !

|
The utility determined tha: the conce rna were unsubstantiated for the follow- |

ing reasons: |

1. The universal computer status system required that all docusentation
be present before the systes could be trasf erred to Nuclear Power.
Any safety class welds that were not examined prior to the utilisa-
tion of the universal program would have been examined at a later
date to meet QA record requirements.

.

|

|
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2. The construction instructions and procedures in place ac the tire of
the concern did require inspections and documentation; therefore, an
adequate program was in place. However, the use of the universal
program provided a better method of determining the present status of
any weld and what remained to be done. Although the universal pro-
g'r a: provided a more positive means of preventi~ng oversights, the old
manual syste= could have provided the same assurance bet by a euch
more laborious method.

Expert Weldine Team

It was felt that the concerns were unsubstantiated and that the utility's
prograr.=atic close out of the items satisfactory.

3.3.10 Corce rn IN-85-001-005 was addressed by NSRS Report I-85-753-W3N which
had as its issues

1. Vendor welds were bought off even though they exhibited "shoddy
workeanship."

TVA Evaulation

The concerns were substantiated and an engineering disposition of the affected
parts was *use as is."

Expert Welding Team *

l'tility response was adequate. Will be reviewed for WBN Project.

3.3.11 imployee concern XX-85-054-001 was addressed by NSRS Report I-85-
346-SQN vhich had as its irsue:

1. Secuoyahr QC holdpaints are signed off by craf tsmen (cr.f t known)
performing the work. Personal f riendship between inspectors and
craft allow this to occur without being reported. Time frame is
between 1979 to 1984 No specific provided."

TVA Evaluatiec

The utility felt that the concern was unsubstantiated for the following:
1. The individual identified by the concerned individual as having

knowledge concerning this probles did not acknowledge seeing any
craf t personnel signing any QA documentation or know of any instances
where it occurred.

2. The weld documentation system with all its crosse!.ecks and reviews
'would have a high probability of not allowing the signof f of a QC
holdpoint by an unqualified inciv1Jual.

3. None of the people interviewed knew of any testance where a craftsman
signed off on a QC holdpoint4

TVA VOL 2 18 Appendix D
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4 Since inspections were performed by the next available inspector,
assurance of getting a particular inspector (personal friend) could
not happen with any degree of certainty.

Expert Velding Team
,

The tea: believed that the investigation and closeout by utility was
satisfactory.

2.3.12 Concern XX-85-065-001 was handled by NSRS Report I-85-750-SQN. This
concern had as its major issues:

1. Inspectors made inadequate visual inspection of suspended, rigid,.

ERCW pipe supports in the auxiliary building at the 669' elevation
during the Tabruary/ March 1984 time frare.

2. Visual inspections must be performed at close proximity to verify
specific sandatory inspection attributes (particulars) on the inspec-
tion checklist.

TVA Evaluation

The utility felt that this concern was unsubstantiated for the following
reasons:

1. The two inspectors 'ns=ed by the CI did not work together on ERCV
hanger inspections.

2. The svo inspecters who did not work sogether said it was impossible
to do an adequate inspection remotely and recognized that it would be
a violation of procedures to do so. Both said that it was not worth
jeopardizing their jobs to do a poor inspection since they were not
being pressured to meet a particular quota of inspections each day.

3. The reexamination of ERCW pipe hangers conducted during this
investigation did not identify any major problems.

4 A plant QA staff manager said that he had not heard of an incident
such as this employee concern and would have been notified if it had
been reported to a supervisor.

5. The onsite AA'II said he witnessed the two individuals performing
inspections and did not believe they would do anything other then a
proper inspection.

Expert Welding Team

The team agreed with the utility's findings but also observed that the number
of reportable defects found on the reinspection showed an overall "slopainess"
in the original inspection sequence. - -

TVA V0'. 2 19 Appendix D
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3.3.13 Conce rn XX-85-083-001 was riswered with Report I-85-652-SQN. This had
as its r.ajor issues:

1. Were Sequoyah welds properly inspected?

2. Were Watts Bar velds excessively inspected resulting in unjust!'ied |
welding cost?

TVA Evaluation

The utility felt that the concern was unsubstantiated for the following
reasons:

la. The allegation that Sequoyah velds say not have been properly in-
,spected could not be substantiated because these welds were in-

spected under an inspection of QC program which set the QA and . Code
requirements applicable to construction activities at Sequoyah.

!b. The allegation that Watts Bar velds were excessively inspected
could not be substantiated because these welds were inspected under

.

an inspection and QC program which set the ASHI Code requirements !
applicable to Watts Bar. Since Watts Bar is an ASMI Code stamped !plant, the independent third party (ANI) verification of inspections '

performed by TVA personnel could be construed as a more strict
inspection progras. In addition. Watts Bar has been subjected to
saoy reinspections to resolve possible safety concerns and to

|satisfy NRC inquiries. These, also, could be construed as a more i

strict inspection program. |

2. A comparision of the overall welding inspection and documentation
requirements between two nuclest plants of different ages, different
codes of record, and code plant versus non-code plant cannot be ,

described succinctly and, if done, differences will be observed. i* These differences would not necessarily le dicate that one inspection '

program is better than the other or that the weld integrity cf one
iplant is better than the other. i

Ex pe r t Welding Team

The team believed that:

1. Prograssatically the NSRS report does answer the question that the
quantity of inspections between the two plants was similar. Previous
reports, however, give rise to the speculatico that the quality of
these initial inspections may have lef t something to be desired at
SQN.

2. W3N weld!ng cannot be evaluated at this time. The team will evaluate
this issus at a later date for the W3N pro 5 rap.

. ~

1
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3.3.14 concern XX-85-102-Oli was evaluated by report 1-85-735-SQN which had
as its two specific issues:

1. NDE inspectors report service-related defects only on Notices of
Indication (NOI).

.

2. Pr'eservice defects are reported only on a Maintenance Request (MR).

TVA Evaluation
.

1. The concern of recor6 ._,uld not be substantiated because this
invest 1Fation revealed that NOIs are prepared for both preservice and
inservice defects found within the area of scope for ASMI Section XI
examinations.

Expert Veldine Tea:

The team agreed with the progratmatic closecut of the concern by the utility.

3.3.1.5 Tour concerns were addressed by WP-06-SQN, involving the following
issuess

1. Prior to 1981, an inadequate Velding Inspection Trainir.g and
Certification Program allowed welding inspectors to complete their
training in two weeks.

2. The Training /Ous11fication Progras for AVS velding inspectors is
questionable because the inspectors only have two months OJT which is
not documented.

3. The Topical Report has been "bastardized" regarding TVA compliance
with ANSI N45.2.6.

4. Welding inspectors are not qualified. They should be welders bef ore
becoming welding inspectors.

TVA Evaluation

The utility felt that the concerns were unsubstantiated f or SQN (WP-06-SQN)
for the following reasons:

1. A program was in piece during the construction era which adequately
addressed the applicable requirements for training, qualification,
and certification of both visual welding and nondestructive testing
personnel.

.

.

!
1

1
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2. The Bechtel-SQN leplementation Audit established that this program
edequataly addressed the code and standard requirements of the con-
struction era and confiteed that the program was effectively imple-
mented for that era. Tha part of Issuit 4 which states "they (welding
inspectors) should be welders prior to becoming welding inpectors"
should be dis =1ssed. This is not an essential element of any train-
ing. qualification. rd certification program. It is simply a state-
ment of personal opinion.

, Expert Veldine Team

The team essentially agreed or. the evaluation for SON only. It should be
noted that in a previous ERT report for these concerns that it wa,s substan-
tiated f or the VEN units.

3.3.16 Conce rn XX-85-098-001 was addressed by VP-38-SQN. This concern has as
its major issue

1. Latinations in pipe prevented esking a good butt weld in Unit 2
condenser.

TVA Evaluation
i

The utility wrots that the issue voiced in this concern is valid but not
substantiated. It has been deteruined not to be detrimental for the following
reasons .

i

l1. ASHI Class I rules state that veld prep lazinations one inch and less
j

in length are acceptable material conditions which do not require '

weld repair. Those greater than one inch are allowed to be veld
!repaired after grinding to a specified depth. j

2. Condensers are constructed so requirements less stringent ihen ASMI iClass I which do r.ot address lazinations as injurious defects. i

3. L4=1 nations are com=only occurring discontinuities in wrought steel
products and are not prohibited by materials specifications.

4 The effect of a lamination in a pipe subjected to internal pressure
is of oo concern.

5. Laminations pose no probles to weld joint integrity.

Expert Welding Team

The team agreed that the resolution was adequate and satisf actory, even though
the iten (not safety-related) did not necessarily fall into the scope of its

)review.

3.3.17 Concerns IN-85-271-001 and IN-85-282-002 were answered by WP-!!-SQN
and had as its major issue:

1

1. Crioding of welds may mask surf ace def ects.

!
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TVA Evaluation

1. The issue considered in this concern is not substantiated due to
the fact that grinding is an acceptable practice.

.

Expert Velding Tea =

Satisfactory closeout of this concern.

3. 4' Catercrv 4 - Welding Design and Configuration

There were seven concerns that fall into this category.

Report Number
Con ce rn Responding Brief Description

Nu=ber Reference to Concern of Concern

EX-85-039-003 TI,72 VF-15 box hanger poor veld design
IN-85-613-001 T1.T2 VP-15 Thermal stress pipe / hanger

veld-
XX-85-066-002 T1,72 VP-15 BNL wrong design for box

hanger
XX-85-086-003 71,T VF-15 Weld design for bor hanger
IN-65-405-001 T2 VP-15 Ranger over-designed'

XX-85-068-007 T1,72 1-85-636-SQN No staaped spool falsified
piece

XX-85-100-001 T1.T2 ERT IX-C5-100-001 leproper veld repair

5.4.1 Tive of the concerns were responded to by VF-15-SQN which had as its
issues:

1. box anchor drawings have a typical detail which shows a weld
configuration which limits pipe movement. i

2. There is a possibility of f atigue in service in process piping to box
anchor connecticas due to lack of provisions for capansion.

3. There is a possibility of f atigue in service and saterial degradation
due to continuous weldicg asing large disseter electrodes and
excessive asperage.

4 There is a possibility of thermal stresses degrading pipint where
large (half-inch to one-inch) fillet welds on box anchors attach to
process piping.

i
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TVA Evaluation

The utility considers the concerns unsubstantiated for the following reasons:

1. Engineering evaluations and tests relative to expansion and large
w' elds have determined that their effect is not detrimental to process
piping.

2. Continuous welding with large diseeter electrodes is the optimum
sethod of welding of box anchors.

Exrert Weldinr Team
*

i

The tes: felt that more inforentiot. was required on issues 2-4 as follows:

2. More information is required on possibility of "f atigue in service"
for hangers. This was not addressed.

>

3. The answer to this issue is somewhat misleading / erroneous due to the i

fact that the use of larger diameter electrodes generally results in
a greater heat input to the weldment.

4 This appears to be a Bellefonte specific issue. More information is
needed to deter =Ane if the mockups had any bearing on SQN work.

<

The one installed box anchor at SQN (Issue #1).did not have this problea due
to special handling, while the other seven hangers had the drawing changed.
This issue appears closed.

3.4.2 Concern XX-85-068-007 was answered by NSRS Report 1-85-636-SQN and had
the following issues associated with it:

,

1. TVA may have manuf actured an ASHI Section 21 spec 1 piece.

2. TVA replaced & DRAVO spool piece with TVA manuf actured spool piece.

3. The code nameplate was moved f rom the DRAVO piece to the TVA piece.

4 TVA inspector may have been aware of switch but did not report it.
,

!TVA Evaluation

!
The utility felt that the concern was not substantiated for the following
ressens: '

i

1. No evidence of DKAVO spool piece could be found at Sequoyah, and no >

record of their purchase was found.

2. Even though TVA does manuf acture spool pieces for repair, replace-
sent, or modification of plant piping systems, there could have been
no exchange with DKAVO.

,

|
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3. Code nameplates are not required at Sequoyah; therefore, the concern
about any removal attachrent is not valid. No evidence of such
activity was found in this investigation.

4 Inspection personnel at Sequoyah are familiar wjth the fact that
nareplates are not required. There would, theref ore, be no reason
for an Inspector to report an activity that did not violate a re-
quirerent or procedure.

Expert Veldine Team

It was felt that this report adequately addressed the concern and closed it
out

3.4.3 The last conce rn in this category XX-85-100-001 was addressed by an ERT
report. This concern had as its major issue

1. An undetermined number of welds say have been repaired improperly.

TVA Evaluatior

The utility felt the concern was not substantiated because insuf ficient
evidence was found to substantiate the occurrence.

Expert Veldier Team

Utility response was sJfficient to close out concern.

3.5 Catererv 5 - Filler Metal Centrol

This category has 26 concerns associated with it, as listed on the following
page.

t

. .

I
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Raport Number

Concern Responding Brief Description
Nu=ber Re f e renc e to Crncern of Concern

!
'

EX-85-039 001 T1.T2,F kT-01-SQN No portable rod ovens
IT 85-424-001 TI.T2,F VP-01-SQN No portable rod ovenst

IN-S$-234-001 T1,72,T VP-01-SQN No portable rod ovens
IN-85-426-001 71,72,F VP-01-SQN No portable rod evens

| IN-85-441-003 T1.T2,F VP-01-SQN No portable rod ovens
1N-85-352-002 T1.T2,F kT-01-SON No portable rod evens
W1-85-053-004 T1 T2,F kT-01-SON Weld rod does not meet code,

| XX-85-068-006 T1 T2,F WP-01-SQN Weld rod control not code
I complying

IN 85-337-002 T2 kT-01 -SQN Weld rod control, exchange
among welders

IN-85-424-004 T2 V7-01-SQN Improper issue weld
material

15-85-424-007 T2 NP-01-SON lack of weld rod control
IS-85-424-006 T2 WF-01-SQN Weld material accountability

| IN-85-454-004 72 VP-01-SQN Weld material accountability
IN-85-453-009 T2 VP-01 SON Weld material. accountability
WI-85-041-001 T2 WP-01-SON Weld matettal accountability
IN-86-150-001 T2 WP-kt-SON Weld material accountability
EX-85-021-001 T2 VP-01-SQN Weld satettal accountability
IN-85-167-001 T2 WP-Cl-SQN Wald material accountability
IN-85-672-001 72 kT-01-SQN Weld esterial accountability| ;IN-96-158-00e T2 VF-14 Weld material accountability :

i

( IN-85-411-002 T1.T2 W-12 &ad ARCO weld rod
15-85-247-001 T1.72 WP-12 Poor 7018 electrode
IN-85-600-001 T1.72 VF-12 Hobart poor 7013 elettrode
IN-86-Oe7-001 Tl,T2 wP-14 No weld rod stub cont rol
XX-85-013-001 T1.T2 ERT xx-85-013-001 369 ucad for 316 SS pipe*
XX-85-041-001 71,T2 NSR$ 1-85-756-SQN V*)ng weld rod CS to $$

3.5.1 Nineteen concern' rete addressed by VP-01-SQN which had as it s esjer I
issues:

1

1. The Veld itato rial Control Program does not meet code requirements.
4

The context of this issue gives the inference that the cor.cerned I

individuals are tcf erring to the eve.*all traceability of welding |
saterials f ree proceement until the esterials are consumed in the |

final weld. '

, |
2. Returned welding matettal !s possibly not accounted for adequately. )
3. Possible lack of portable ele:ttode holding ovens.

4 Possible collection of solsture in electrodes due to lack of. portable j
electrode ovens.

|

|
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TVA Evaluation _

The utility considers these concerns unsubstantiated for SQN for the following
reasons:

~

1. Pr,ocedures were and are in effect for OC and No which delineate the
requirements for traceability and control of filler eetals.

2. The provisions of these procedures reflect ASMI B&PV Code rules and
have been endorsed by ASMI through tne ASHI survey process.

3. The Bechtel SCN Impleeentation Audit established that these
procedures were effectively implemented for both OC and No.

4 The effect of nonce:pliance with these procedures was not found in
the V7 Sample Reinspection Program.

Exrert Velding Team

The tes: had some con =ents/ questions regarding the answer to the concerns:

1. The statements regarding traceability of saterial were adequate. It
did appear that they had some progan conflicts, but this would not
effect the hardware.

2. The issue regarding returned welding saterial was not addressed in
VP-01-SQN,

3. For ,5CN (specific) this appears acceptable, but, were holding ovens
issued at SQN letween 1969-1974 (beginning construction phase)?
Contradictory 1.' formation received after the SON site audit questions

the coepleteness s' this response.

4. This issue is only partially answered by the issuance of portable rod
evens. The accountability of returned rod (possibly left in a gang
box or a glider over night) has a great influence on the rods
ooisture content.

3.5.2 Two ce icerns were addressed by VF-14-SQN. The issues addressed by ,

these concerns were: |

1. A systes is needed which vill provide the welder a receipt which een
prove welding material was correctly returned to the rod issue

icenters.

|2. TVA does not allow apprentices to weld.
l

ITVA Evalustion
1

The utili;y f 41t that the concerne be closed since the issues hava no quality i'

or technical basis. - )
I
:

)
i

!

l

TVA VOL 2 27 Appendix 0 j
.

h

_ _ _



- 28 -

.

Enrert Weldint Team

The tese felt that:

1. This issue was raised in WP-01-SQN as being "noq-anwsered" in
th'e report. This report also "non-answered" the concern.

2. This answer appears valid, but the team needs a copy of the concern
for close out.

3.5.3 Three concerns were evaluated by VP-12-SQN which had the following
issues considered:

1. E7018 electrodes are of poor quality.

2. Poor quality contributes to pinholes and porosity.

3. E7018 3/32-inch electrodes are of poor quality.

4 Electrode core vtre is not centered and flux flakes off.

TVA Lvaluation

The utility felt that these concerns were not substantiated because

1. Electr Je operability is a subjective judgement and cannot be
measu. sd quan'.itatively.

2. The spe:1fic cases discussed in the concerns were WBN occurrences.

3. A searci of historic data on this subject by VP for SQN revealed no
objectiva evidence of problems with these or other coated electrodes.

4 The reinspection effort did not reveal any evidence of electrode
gus11ty i roblems.

Exnert Velding Te.se

The toss believeJ that the utility did an adequate job in answering these
concerns and had . he following consents:

1. E7018 (if rurchased to the correct codes and standards) is acceptable
even thoo;h some welders say have a period of adjustment to dif ferent
manuf acti ret s' electrodes.

2. If the concentricity problem had occurred at SQN. It would have been
impossible to locate all the electrode due to the electrode control' *

procedures for the construction phase of SQN.

.

1

,
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3.5.4 Conce rn XX-85-013-001 was addressed by a ERT report which had as its
eajor issue:

1. 309 weld rod was used to veld 316 stainless pipe at Sequoyah
Unit 1.

TVA Evaluat'ich

The utility determined:

Based on t9e findings in this investigation, a change f ree E308 to E309
(same A6T designation) is not a violation of the code or procedure. The
concern as stated say be true. However, the change from 308 to 309
filler metal has no impact to weld quality. This concern is closed.

Ex pe r t Veldine Team

Utility response is acceptable

3.5.5 The last concern in this category XX-85-041-001 was answered by report
1-25-756-SON and had as its primary issue:

1. At Sequoyah, a weld was made in '79 or '80 in diesel generator
building, unit 1 using the wrong type rod to weld carbon steel pipe
to stainless steel pipe. A cover pass using the correct rod was run
over the existing weld. Cons t ruction Dept. concern. C1 has no more
infor=ation.

TVA Evaluation

The utility felt that the concern was unsubstantiated because:

1. The enneern of record could not be substantisted because all thevelds
examined were found to be f ree of any def ects which ceuld we =oted on
the surface. All the welds were approximately the same physi.a1
size; theref ore, not allowing the detection of any extra filler metal
which might have been added to conceal a defective weld.

2. If the first pass weld was made with E308, the weld would not have
been pleasing in appearance, but would have bonded to both the carbon
steel and the steinless. The second pass with the correct electrode
(E309) would have reselted some of the first pass and provided a
smoother regico of bonding.

3. With the rigid support being located adjacent to the weld, there is
no reason to expect the veld would experience stresses to cause a
fatigue failure. A3so, if the instrument tube weld snould develop
a crack, it would be restrained from separating and creating a
significant leak.

4 All tne welds appeared to be sound and were free of any-detectable
defects after several years of opgestion.

F

,
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Eurert Weldier Tear

The team believed shat the investigation into the problem was adequate.

3.6 Ca t e r e rv 6 - Pu seellaneous /One of a Kind
. *

There were a total of 9 concerns in this category.

Report Number
iConcern Responding Brief Description i.

Number References to Concern of Concern

IN-85-192-002 T2 WP-08 Unpainted welds
IN-85-273-001 71,72 VP-08 Hanger welds not painted
IN-65-451-001 T2 WP-08 Weld not painted
Ex-85-059-001 T2 VP-08
W1-85-03D-001 T.Tl WP-10 kelding + NDE corrective

action not implemented
W1-85-03o-010 71 VP-10 Weld program study
IN-85-303-001 T,71,72 WP-13 No remote switches on

welding nachines
IN-85-247-002 T.TI.T2 VF-13 Only 2 setting on welding

machines
XX-85-010-001 T $QN-nut to baseplate veldinf

plus chipped concrete

3.6.1 VP-08-SQN addressed four of the concerns which had as their major
issues:

.

1. Welds over six feet of the floor have not been painted in the
Resctor and Auxiliary Buildings.

2. Unpainted welds are in evidence on conduit and piping supports
in the Reactor Su11 ding.

3. Ranger welds should be patated as soon as they are finalised by QC.

4. Rust causes welds to be weakened.
e

5. Sandblasting removes metal from welds.
<

TVA Evaluation

The utility resolved these issues as follows!

Irsues 1. 2, 3 and 4 closed pending completion of protective coating i

reinspection and resultant corrective actico under SQN-CAR-86-01-001. !

Issue $ la closed haceuse the practica to sandblasting is en accepted I
~

practice in preparatice of metals for painting.
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Exeert Veldine, Tese

The team felt these were effectively closed out by the utility even though the
concerns were not really welding issues.

3.6.2 Two' concerns were addressed by VF-10-SQN which we're considered with:

The corrective actions specified in Report Nsaber QAE-80-2, * Review and
Evaluation of the OEDC Velding and h*DE Program,* dated September 8, 1980,
say not have been implemented.

TVA Evaluation

The utility felt this concern is substantiated and has closed the item because
QAI-80-1 was not intended to be implemented at SQN and no impact on SQN hard-
ware could be identified.

Expert Veldine Tea:

Although not SQN-applicable, many of the recon =endations in QAE-80-2 encompass
* concern areas * st SCN and will be evaluated in greater detail for V3N.

3.6.3 Two concerns were addressed by w?-13-SQN which had the following issues
associated with ther:

1. Velding nachines (grid packs) do not have-suitable control settings
for welding with 3/32-E7018 electrodes.

2. This unsuitability leads to porosity and pinholes in complated
welds.

3. All C?AW equipment should have remote (high frequency arc starting)
switches so that tungsten inclusions can be avoided.

TVA Evaluation i

i

The utility closed out these issues based on the followings j

1. There is no industry standard which mandates the use of specific i

'

welding equipment f or specific jobs.

2. Equipment in use has suf ficient control features to produce welds
within the required criteria.

3. Alternate techniques can be used to compensate for the lack of
sophisticated features on multiple operator-type equipment and still
produce acceptable quality welds.

|

L. The V7 reinspection did not discover any indications of a generic
problem with welding equipment. .

5. There is no effect on hardware due to these issues. ;

1
.

1
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Excert Veldice Team

The team determined that:

1. The velding eachines described in the report appear to have suffi-
cient settings for current ranges of typical weldirg procedures.

2. If the machine was unsuitable, rorosity or pinholing could be a prob-
les and should have been picked up on the reinspection program. -

3. The high frequency are start is a beneficial addition to CTAV veld-
ing, but is not essential in making a good quality welded connection.

3.6.4 The last concern, XX-85-010-001, is not a welding issue but should be a
hanger installation concern.

4.0 PROGRA?.ATIC RIVIEV$ BY TVA C0hTP).CTORS

In addition to the NSRS, QTC and VP reviews, TVA placed a contract with Aptech
Engineering Services to perform a review of the SQN, FSI/ISI programs, as well
as with Bechtel Engineering to perform an in-depth audit of their QA/ welding
program for both construction and operations.

4.1 Aptech Report
.

The review by Aptech Engineering Services was made in additier to the other
TVA activities relative to the SQN welding concerns. The review covered welds
subject to the ASMI Section XI program for Class 1 and 2 piping, as well as
Class 1, 0 and 3 component supports.

The review was performed using a two-pronged approach; first was the evalus-
tion of the preservice and inservice inspection results, and second was the

' review of the operating experience of the two plaras.

There were 1101 welds (both Class 1 and 2) examined during tre SQN-PSI program
out of a total number of 2618 Class 1 and 2 piping welds on the two units.
Therefore. 42.1% of the total number of Class 1 and 2 piping welds were
examined by the Psi program. Additionally, a total of 61 integrally welded
attachments were subjected to the SQN-PSI program out of a total of 146
(41.8%). Less than 10% of the welds in the PSI program were examined by pene- |

*

trant examiestion with the more than 90% of the welds examined voluostrically
tultrasonic testir.g).

The Aptech review of the SQN-PSI program uncovered only one significant No!.
4

(Notice of Indir.sticos) reported. (Significant NOI refers to an indication !
which ta unacceptable to ASKZ Section XI and requires repatr and reinspec- !

1 tion.)

-

i,
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The SON ISI program (to date of Aptech Review) had ins r.ted a total of 456
piping / socket welds (predominantly repeats of PSI welds). 90 hanger integral
attacheents, and 1007. of all Class 1, 2 and 3 hangers for SQN 1 and 2 (over
3,100 151 inspections).

The total nu:ber of 27 N0ls were reported for Units 1 and 2. Of this total.
12 were significant NOIs (Unit 1) and 5 significant Nots (Unit 2).

ft.e operational history of the two plants showed that for 24.445 critical re- I

actor hours of service (Unit 1), only 5 LERs were written re16 ting to welds.
(Licensing Event Reports (LERs) are written to USNRC to report failures on
operating nucler plants). No failures were attributed to poor quality field
welds.

Unit 2 has 21.985 critical reactor hours of service and has had no LERs
relating to welds.

Based upon their review. Aptech Engineering came to the following conclusiens

De velding program contains the necessary conteols'to ensure high.

quality welds (after the 1974 AEC audit).

$NP evaluated the quality of welds made prior to the 1974 audit.

.through reinspection and repair where required. Those welds saoe
prior to the 1974 audit can nov be considered to be satisf actory
despite a breakdown'in the QA program.

The rate of significant indications detected during the preservice.

and inservice inspections is less than 5% vith greater than 95:
considence.

No Licensee Event Reports have been generated which relate to poor.

quality field welds.

BNL Evaluation

Although the Aptech findings give an optimistic prognosis for the plant, it
must be resembered that this review only encompassed a paperwork review of the
PSI and ISI prograss and did not attempt to answer any employee concerns. The
review did not require any physical reinspections of hardware and relied on
documentation provided by TVA.

4.2 Bechtel Audit

A Sechtel audit team (five-member team) spent 30 auditor weeks reviewing |
records to determine the prior and current effectiveness of the TVA Welding |

Program (both construction and operations). |

TLe scope of the audit included 17 key elements for review:

1. Implementation of technical and welding progran requirements

2. Adequacy of design output documents

TVA VOL 2 33 Appendix 0
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3. Initial welder or welding operatoc qualifications

4 Maintenance of welder or welding operator qualifications
,

5. Renewal of welder or welding operator qualifications !

6. Initial w;1 ding inspection personnel qualifications

7. Maintenance of welding inspection personnel qualifications *

8. Renewal of welding inspection personnel qualifications
t

9. Use of appropriate welding procedures '

10. Use of appropriate inspection procedures
\

11. Use of appropriately trained and qualified personnel
!

12. Use and control of welding filler materials !

,

13. In-process control of welding !
P

14 Documentation of the above activities

15. Nonconformances and currective actions
(-

16. Training programs adequacy
|

17. Additional areas of concern as determined by a review of .

employee concerns.

The audit revealed one audit finding and four observations, none of which in-
dicated a need for weld reinspections. The audit report also had no findings :
or observations relating to any employee concerns. '

An observation of the auditors was that r:ay TVA documents were confusing,
ovarlapping, repetitive and unclear. '

The Rechtel audit teen also had this general observations !

It is significant to the audit team that procedures were in place
beginning in 1972 to provide the craf t supervisors with quality
assurance documents (procedures). The audit verified that by ,

procedure, craft supervisors signed and returned a transmittal '

letter to indicate receipt of procedures and that an effective
quality program was in place and complied with.

'

iFrom the nature of the concerns analysed, it appears that there was
d lath of und4rstanding by the Craft personnel of how the jequoyah
Quality Assurance System functioned, and this lack of understanding
is the initiator of many of the employee concerne.
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BNL Evaluation

This audit feund no discrepancies which would indicate the need for weld
reinspections. It must be reme=bered that this audit occurrej af ter TVA has
updated sepe of their records as part of the Employee Copeern Program.

Additionally, the reinspection of a sample of welds at the Sequoyah Units to a
less conservative inspection criteria (NClG-01) did show a significant enough
scount of rejectable structural attributes to assume that the original
construction left socething to be desired in seating original code
specifications.

'
5.0 NAPOVA?I INSFECTIONS (TVA AND KRC)

With the concurrence of the NRC staff, the utility had com=1tted to do a rein-
spection on both Class 3 piping welds and structural members. Ad ditionally ,
the NRC NOE van inspection of many welds during a Tehruary 18-28, 1986, visit ,

to the Sequoyah Units, and the co=bined NRC and BNL Velding Team has done a
* cradle to grave" audit at SQN Units 1 and 2.

5.1 TVA Reinspection

The TVA reinspection progrs= sample consisted of 333 Class 3 piping welds in 7 >

syste=s (4604 linear inches) and 15 selds in spiral weld duct, as well as 403 -
,

joints for 50 structures, totaling 7,3t9 linear inches of structural welds.
All of these welds were exstined visually. In addition to the above, 304
piping welds were examined by either MT or FT (from the 333 pipe welds total).

5.1.1 Results of the Reiespection

of the 304 piping welds receiving MT or FT, 296 were accepted on the first
inspection (97.4%). All of the eight initially rejected welds were finally
accepted as follows:

1. One accepted to ASMI 111 af ter cleaning

2. Two accepted to ASMI XI

3. Three welds accepted to ASME III after filing or grinding + Re-NDE

4 Two welds accepted to ASKE II af ter filing or grinding + Re-NDE

No weld repair by revelding was required on any of the eight velds. i

The 33 piping weld easple (304 of which had the NT or FT done) was visually *

'

Inspected for 14 attributes. The inspection disclosed 184 rejectable welda
out of the original 333 population (55.3%). The attributes inspected were

i

i

!

|

|
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Attribute Rejected Velds

Contour / Transition 16
Cf f se t / Alignme nt 2

Undercut 2,

Reinforcement 7

Weld Spatter / Arc Strike 104
Weld Location 0
Weld Site 13
Weld Metal / Base Metal 0
Weld Coavexity 0
Incomplete Fusion 5

Weld Overlap 8

Underfilled 12
Surface Porosity 15
Surface Slag 0

184

All of the visually reinspected and rejected piping welds were eventually
accepted to code requirsents either by initial evaluation of engineering or
after surface conditioning and reinspection. No cracks were reported on any
inspections.

The fifteen spiral duct welds were all accepted on initial reinspection.

The structural welds were exstined for 7 actributes and had 1.194 inches
rejected out of 7.369 inches inspected (16.2%). These rejects break down as
follows:

o

Site 765
Incomplete Fusion 18
Overlap 3
Craters 7

Profile 370
Undercut 31
Correct Filler Metal Type 0

1.194

Additionally, nine weld joints were identified during the reinspection as
having missing welds.

In all cases (rejected welda/sissing welds), the evaluation by TVA Office of
Engineer 1og accepted the welds *as is."

As a result of the TVA Rainspection, the utility concluded:

THE RESL'LTS OF TNE K!!NSPECTION AND ENCINTERINC EVALUATION OF TMZ ,

RIPORTABLE LMPERIECTIONS C0h71RM TMAT TRI kIINSPECTED WELD J01RT. 1

MIET DE51CN REQUIKIMENTS, AND ADDITIONAL RIINSPECTIONS ARI NOT j
KIQU1 KID. |

,

I
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5.2 KRC NDE Van Inspection

During February 18-28, 1986, the KRC NDE Van conducted an independent
measurement inspection at the Sequoyah Units. Tour USNRC representatives
expanded }08 on-site and 26 off-site hours on the inspecaton. The scope of
the inspection included

27 pipe weldsents - Dye penetrant inspection

13 pipe weldments - Magnetic particle inspected

361 structural weldnents and 9 structures (several welds each) werea

visually examined to NCIC-01 with paint intact

46 piping veldaents usually inspected to ANSI B31.7 with paint
removed

The report stated that:
,

"There were several instances during this inspection where the NRC
results differed from the licensee. Ic some instances, welds were
rejected by the licensee but accepted by the NRC inspector; these
differences vete attributed to very conservative calls made by the
licensee and to limitations present when inspecting welds which are
painted. Conversely, some welds were accepted by the licensee but
rejected by the KRC inspector. The inspector concluded, however, that
the differences identified were not indicative of inadequate licensee
prograss and the NRC findings were representative of the types found by
the 11ncensee.*

5.3 contined NPC and BKL Welding Tese Audit

A combined KRC and BKL Welding Tess audit was conducted at the Sequoyah site
during June 2-6, June 16-20 and July 7-11, 1986. There were eight auditors
perf orr.ing various "cradle to grave * hardware and paperwork investigations at
the site.

This audit had as its main objectives

1. verification of the effectiveness of the TVA program to review,
address, and close out KRC inspection progras issues,

2. verificatico of the effectivaness of the TVA program to investigste
and close out esployee concerns, and ;

3. confirmation that the reinspection program carried out by TVA was
|

performed in accordance with their commitments.

This audit encompassed 30 pipe welds, 502 pipe support welds 31 instrument
tubing welds,120 instrument support welds, 130 structural welds (electrical), '

280 HVAC support welds,100 structural welds and associa?,ed paperwork.

i

t
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There were soee irregularities found during the audit with post of the
hardware discrepancies having been previously !?entified as a result of the
TVA reinspection effort. The report concludes that, in general, the inspected
welds were found to comply with the governing codes and specifications.

. . ,

6.0 DISCUSSIONS AND coNCLUS10NS

During the review of the welding concern issues for Sequoyah Units ! and 2,
many ite=s of conflicting evidence came to light. There were eany disparities
between the VP, NSRS, QTC reports and the results of the Bechtel report and
Aptech survey. These disparities appeared to be prigarily prograrratic in
content and could be either isolated instanevs of program transgressions or

,

proble=s enderic to the entire welding program at the Sequoyah Units. !

In order to determine the TVA welding program effectiveness, it is necessary
to review the six categories of concerns from both a programartic approach and
then a hardware-oriented approach.

|

6.1 Careeery 1 - Veldint Procedures

Progra==atically - There were no concerns specific to this category !a.

and there is verification that procedures governing this work were
in effect during construction and operations.

b. Rardware - The materials of construction for SQN 1 and 2 were not
unique and had been welded by the moraal methods of metal joining
(SMAW, CTAV, CMAV, etc.). That these procedures were adequate to
produce sound welds is evident from the operating history of the two
units.

6.2 Category 2 - Velder Qualification / Testing

Programmatically, this category had a significant ausber of concerns'

associated with it. The methods of updating a welcer's certifications was
questioned and was the largest single area for all the concerne voiced. There
is no doubt that there were instances where procedural violations probably
occurred (as in the case of the eight welders who had to be ratested), but
what is the potential hardware effect?

If the probles of uncertified / unqualified welders welding on critical systens
of the Sequoyah units were all pervasive, then the reinspections done by both
the utility and the USNRC would have had a relatively high reject rate. If
one reanalyses the visual rejects on piping welds (YVA reinspection) 184/333
welds, it can be seen that if * welder attributable defects * are extracted,
e.g., undereut, incomplete fusion, weld overlaps, underfill and surface
porosity, the reject rate for poor welding becomes 42 out of 333 welds (131).
This number may be considered high, but if one takes into account that these
' rejects * vere all able to be accepted by engineering without rewelding, the
amount of significance one can place in the 131 value becomes insignificant.
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Note: Arc strikes and spatter have not been included since they ray have been,

caused by adjacent welding operations (above or below the area of interest).

The reject rate of "welder attributable defects" or the structural velds,
e.g. , incqmplete fusion, overlaps, craters, undercut becomes 59 inches out of
7369, or 0.8:; not excessively high at all.

Additionally, these reinspected welds (Class 3 piping and structural welds)
are the safety-related welds least inspected on the nuclear plant and would
exhibit the most defects if an "all pervasive" welder qualification problem
were in existence.

The apparent good quality of the welds coverad under ASMI Section XI deter-
zined in the Aptech report also lands credence to the supposition that these
concerns on welder cercification are most probably isolated occurrences at

SQS.

6.3 Catererv 3 - Weldine Inspection

Many of the sa:e arguments used in the previous category can apply to the
inspection of welds and the gus11fication of personnel performing same. The
Bechtel audit verified that inspection procedures and training procedures were
in effect at SQN. which progratsstically should satisfy the welding program
require:ents.

It can be successfully argued that there say have been an overall slcppiness
in initial inspections done by TVA personnel, especially when one looks at the
amount of rejectable welds for site and profile on both the piping and struc-
tural welds. Both of these ite,ts are inspection / inspector intensive.

This overall * sloppiness" in ins >ection (during construction) was'esphasized
by the TVA reinspection. This reinspection weg performed using the less
conservative standard N0lG-01 in lieu of the ofiginal construction 6tandard
AVS DI.1. The initially high reject rates recorded on this reinspection are a
clear indication that TVA had not perf ormed their original inspections to the
original acceptance code (AVS D1.1).

Even though there was a ressenably large number of rejects, none were signif-
fcant enough to warrant repair by welding and were all accepted by engineer-
ing. One must also take into account that on a well publicised reinspection,
many "defects" say come to light that would normally be considered nontelevant
during a regular inspection.

6.4 Categorv 4 - Velding Desire and configuration

This estegory contained only seven concerne, five of which related to the same
box hanger design. Although some information is still outetsnding f ree TVA on
the design issue, none of the requested information would indicate an enten-
sive probles. The other two concerns f rom this category were found to be
unsubstantiated by the utility and at best would only indicate 4 limited
instance of programmatic breakdown.
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6.5 Catecory 5 - Tiller Metal control

The question of no portable rod ovens at SON was the single largest item of
concern. Return of weld rod at the end of the shift would also be allied with
this conce,rn. The Bechtel audit verified that proceduras were in effect to
control the issuance and use of filler esterial, so programmatically a system
was in effect.

Before one can analyse the extent of the probles, the question aust be asked;
*Vhy do we want to use portable ovens in the field, and what is the potential
effect if we don't?"

The grisary reason for use of weld rod evens is to prevent moisture pickup on
the veld rod. which could cause hydrogen delayed cracking, Notoriously, this
type of cracking will make itself known sisually from ,. few einutes to a few
days after the weld is made. The results of the reinspestion and PSI /1$1 pro-
grams showed no evidence of cracked welds being found, so this is probably not
a proble= st SQN.

6.6 Caterery 6 - Miscellaneous /One of a Kind

of the nine concerns in this category. only four were directly related to
welding. Two of these dealt with control adjustments on welding eachines
which. if substantiated, would have caused def ects that. would have been ob-
served on the reinspection program. They were not. The other two concerns
were of a programratic and not a hardware-specific nature. .

A response ( At tachaent 10) to the first set of questions sent to TVA from the
KRC was received August 1, 1966. The responses from the utility confira the
fact that there were prograas, procedures or inspection plans in effect which
outlined the necessary steps to provide a * sound weld * as an end product to
construction. This does not mean that programmatic transgressions did not ;

occur, but that a systes was in effect to localise these transgressions ard '

prevent systes-vide quality problems.

The supposition that the SON units did not suffer froa *all pervasive * qual- |

ity/ welding problema is substantiated by the utility's reinspection program i
which revealedt

!19, piping welds ( Attachment 10) rejected by code
|

.

111 structural weld joints which did not meet design requirement s )
.

Since there has been presented evidence that sese programmatic breakdowns
probably occurred, it appests that an evaluation of the units' *auttability jfor service * aust rely essentially on the large number of hardware '

retospections that have Faen performed to date. This being the case, the-

following conclusione can be drawn:

1. There is evidence that many of the confusing /steleading TVA proce-
dures may have led to programmatic errors in the SQN weldtog pro-
gram. The empert welding tese questions on these have been trans-
mitted to the NRC for forwarding to the utility.
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i 2. The reinspection of various welds by the utility and NDE Van have not i

discovered defects of any great detrisent or magnitude. |
|

3. Since the combined FRC and BKL Welding Team audit did not show !

additional probles areas or concernst if and the questions addressed [
to TVA are answered to the satisf action of the USNRC, then there is '

i

no evidence to assume that the welds at the Sequoyah Units are not

"sultable for service." ;t

i

These conclusions are those of the BKL members of the welding team.
These conclusions have been drawn af ter discussione with the other sambers of,

| the team. TVA settings and site inspections and audits. Each of the other i
members of she team have been requested to submit their own summaries of their
opinions regarding the TVA Employee Concern Progras. These are part of this {

TEk (Attachments 11-15). j
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Attachment 1

PROFESSIONAL OU ALIFICATIONS
* of

CAR 1 J. CZAJK0VSKI

I as currently a Research Engineer at Brookhaven National Laboratory (BKL),
where I have bean employed since 1980. I as in the Haterials Technology
Division of,the Department of Nuclear Energy. My current duties are providing
technical assistance (both field and laboratory) to the United States Nuclear
Regulatory Consission (USKRC) in the areas of metallurgy and failure analysis
related to nuclear power plants. Failure analyses performed on both radio-
active and non-radioactive componente in my current position have included the
following material systems: acatenttic stainless steels, ferritic and marten-
sitic low alloy steels, tatonel, aluminua and martensitic stainless steel. I
have pe:rformed vendor audits for the Inspection and Enforcement Division of
the NRC in the capacity of Technical Specialist in the aforementioned areas of
expertise. i have performed a third party investigation of allegations
pertaining to potential welding and quality control improprieties at a nuclear
construction site. Additionally, I have testified as the NRC Technical
Specialist for velding at hearings for a second nuclest plant.

prior to ey employment st INL, I was esployed for five years by the Long
;
'

Island Lighting Company (LILCO). My job title from September 1977 to Tab!;ety
1980 was Chief Welding Supervisor at the shorehas Nuclear P:Ver station. My
duties in this posi:lon included supervisory responsit:11ty for all velding

{probless or staor vviding e!! orts for the utility, as well as ordering and
etettec-et sf equivsent/ gases / electrodes te support a 400 welder work force

at the site. Additional responsibilirt&s included conducting training
sessiena f or supervin 3ry and 34eral personnel on industry codes, standards and
velding inspection, as well as administering the weld test ,

booth for qualift- I

cation testing. Subsequent to ey promotion to Chief Velding Supervisor, I was
employed by LILCO as a Quality Assurance Engineer (both home of fice and
shorehta site). This position was held by se from yebruary 1975 to September1977. The duties of this position encompassed preparation and review of*

LILC0's QA manual and procedures, reviewing A/E and N555 guality programs,
evalusting and surveying vendor activities, and performing field audits and I'
surveillance of mechanical contractors' (Shorehan site) welding and nonde-
structiv6 testing practices. j

;

I siso held the job title Quality Assurance Engineer while esployed by Ebasco 1

Services, Inc. f rom September 1973 to February 1975.
'

This position's duties
included review of procurement specifications and drawings for inclusion of
quality requirements, preparation of quality plans for surveillance of safetr- ,

I

related component fabrication in vendors' shops, conducting interdepartmental
audits of engineering and design disciplines, te addition to QA evaluation of

!

vendors, including review of documented quality programa and source avalue-
tion.
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Professional Qualifications of
Carl J. Crajkowski

i

Fage Tv8'

.

Prior to zy employment at Ebasco Services. I held the job title QC Materials
Engineer for United Nuclear Corporation fros April 1972 to August 1973. This '

position's' responsibilities included review of satorial* purchase orders for '

cc:pliance with contract requirements sonitoring of the test-overcheck progras
for ferrous and non-ferrous catettal, establishing saterials receiving tospee-
tions instructions and audit participation, as needed.

j My acadesic qualificattors include a 3.5. in Metallurgical Engineering from
the University of Missourt at Rolla in 1971, and an M.S. in Metallurgical iI as e nesberEngineering from the Polytechnic Institute of New York in 1982.
of the American Society for Metals and the American Velding Society. I as the

+

suthor or co-author of approximately fif teen publications in the area of
; failure analysis on reactor components.
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Attach.sent 2

SIOCRAPHICAL SKETCHe

of
VILt1 AM D. DOTT

V. D. Doty 4eewived his B. Het. E., M. Het. E., and Ph.D ,(Metallurgy) degrees
fres Rensselaer Polytechnic Institute, where he also served as a Research
Tollow. His graduate research was recognized through a national award f rom
the American Velding Society. Dr. Doty joined the United States Steel Corpor-
atton in 1947, and served in various rese.=rch and supervisory positions at
their Technical Center; f rom 1938 to 1966 as Chief of the Bar, Plate and
Forged Products Division; from 1966 to 1973 as Research consultant. Steel
Products Development; from 1973 to 1983 as Senior Research Consultant, Product
Engineering; and from 1983 to 1985 as senior Metallurgical and Product
Consultant.

Dr. Doty is widely known for his research and publicattune in welding and
steel product development, and is co-author of an authoritative book on the
*Veldsbility of Steelsr* In 1966, he received the Spratagen Award of the
American Velding Society; in 1972 he was elected . Tellow by the American
Society for Metals; in 1975 he was elected an Boeorary Hesber by the American
Velding Society; and in 1984 he was elected a Fellow by the American Society
of Mechanical Engineers and was that Society's recipient of the J. Rail Taylor
Medal. His technical comalttee activities have been many and varied. He is a
nesber of tr,e Main Come1ttee of the ASME Boiler and Pressure vessel Comalttee,
and f ree 1967 to 1973 he served as Chairman of the Pressure vessel Research
Committee, and is currently a member of the PTRC Executive Committee. He is a
member of ASM. AVS, British Velding Institute, AIMI, ASKZ and $1gsa 11, and is
a Registered Petfassional Engineer in the State of Peonsylvania.

4
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Attachwent 3

* B10CKAPHICA1 SKETCH
of

C A RL I . RART BOVIR

;

Mr. Carl E. Hartbewer, retired from the Tederal Service will be available as
3

a consultaht starting in June 1982. Raving served the Bridge Division of the
Tederal 91ghway Administration es their Principal Velding Engineer for eleset
nine vaars, he has been in a unique position to observe the welding-related
proble=4 that exist in the Interstate Bridge System.

Mr. Hartbewer is a Registered Professional Engineer in Massachusetts (sechao-
ical engineering) and in California (setallurgical engineering).

Tellow of the American Society for Metals (1979) *in r.ecognition of*

contributions to the metallurg7 and engineering of large-scale welded
structures, to the use of fracture mechanics in modern bridge design and
fabricetion, and to the advance of nondestructive testing techniques and
inspection.*

TKVA Administrators Award in 1979 *in recognition of his outstanding.
2

1contribution in fostering the Tracture Control Plan and for leadership
in the safety problems attendant to the f abrication of major bridges.*

Tellow of the Velding Institute (Br.tish). |.

|

Life sesber of the American Welding Society. I.

Member of the American Society for Testing and Materials; Chairman of.

Task Group E24.03.03 (precrack Charpy test methods).

Fioneering research (1) in development of the Navy's explosion bulge.
4

test (1940s), (2) on the welding of titantua alloys (1950s), (3) in |
development of the precrack Charpy test (1950s), and (4) on acoustic |

emission (1960s). j

Navy Civil Engineer Corps Awards (1951 and 1952) for research papers on.

the explosion bulge test.

Spratagen Award for the best research paper published by the American.

Welding Society in 1968 (paper on acoustic saission): Kr. Rattbower's
research on acoustic emission published by NATO in ACARDagraph 176
(January 1974) and in ACARDograph 201 (ocober 1975).

Eschenge Scientist - in April 1961 the U.S. was visited by Professor.

N. N. Rykalin of the Baykov Institute, Acadesician 3. Te. Paton of the
Paton Institute, and Prof essor M. O. Okerblos of the teningrad Polytech-
nic Institute. In exchange, the National Academy of Sciences selected
Mr. Eartbewer as one of three welding authorities to visit industrial
and educational centers in the Soviet Union (see WELDING EN01NttR, p64
July 1962 and V;LD1HO LESEAACM ASROAD, Vol.1111, No. 2. Feb.1962).

TVA VOL 2 47 Appendim 0.
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Biographical Sketch of
Carl E. Hartbewer
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Page Two
p

I

h
In 1971, Mr. Bartbower revisited the USSR by personal invitation f rom.

the Soviety Academy of Sciences. *

Cozzander. Navy Civil Engineer Corps, USNR, KITIRED. Life Member of the.

Naval' Reserve Association and Member of the Naval Institute.

Eldee in the Presbyterian Church..

i'

Mr. Martbower has 35 (194J) and MI (1958) degrees fros Vorcester Polytechnic
Institute; vas previously esployed by the Naval Cun Factory (Welding Engineer,
1943-45), Naval Research Laboratory (Physical Metallurgist, 1945-52), Water-
town Arsenal Laboratot tes (Chief of Metals Joining tranch (1952-61), and

,

Aerojet General Corp. (Associate Scientist (1962-73). He has published over
50 papers.

!
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Attach-ent &

BIOGRAPHICAL SKETCH
of

FAlft E. MASTERS
.

Paul E. Masters received his BS in Engineering from Iowa State College and did
advanced work in cetallurgy at Carnegie Institute of Technology and the
University of Fittsburgh.

'

Frior to his associataon with the A=erican 3 ridge Division of United States
,

Steel Corporation in 1942, Mr. Masters was in the Engineering Department of
Yates-American Machine Co:pany, Beloit, Visconsin. In 1943 he joined the
Velding Engineering Department of A=ericaL Bridge, assasing the position of
Chief Velding Lngineer in 1956 and retiring in 1977.

As A:erican Bridge's Chief Velding Engineer, he was responsible for engineer-
ing in connection with develop:ent of work practices and applications of
processes for velding, or7 gen cutting, and allied subjects throughout the
Division. This included appiteetion, development of procedures, training and
certification of all nondestructive testing methods as required by the various
codes for fabrication of structural steel and pressure vessels.

Mr. Masters is an Honorary Member of the Anetican Welding Society, a Fellow of
the A=erican Society for Metals, and is a Registered Professional Engineer la
the State of Fennsylvania,.

He has been on the Board of Directors and Executive and Finance Committee of
the A=erican Velding Society, et,tive in AV3 National Technical Committees and
Task Croups, having been Chairnin of the Structural Valding Committee, the
Co:=ittee on Qualification and Certification of Velding Personnel, the Cos-
tittee on Qualification, and the Subcomalttee ou Submerged Are Filler Matals.
He has been a sesber of committese on fillar metal, process requirements,
handboek, nechanical testing of velds, terms and definitions, and a cember of
the ASNT Select Co=sittee on Certification. Mr. Masters received the 1978
Sa=uel V)11e Me=orial Metal Averd for contributini; tonspicuously to the
advancement of velding and cutting.

,

]
Mr. Masters was a qualified Velding Inspector, certified by the American
Velding Society, and was certified by the American Society for Mondestructive

; Testing as NDT Level III in radiography, magnetic rarticle and penetrant test-
,ing methods. !

i 1

Since retiring from A:erican Bridge Division, Kr. Masters has done velding-

.
consulting work in the United States and abroad. This includes practical

i instructing, education and the technical aspects of velding.

i -

|

,

l

)

l

j TVA SER Vol. 2, Part 1 Preliminary Report
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At:achment 5

BIOGRAPHICAL SKETCHe

of
WILLIAM H. HUNSE

V. H. Hunse is a Professor Emeritus of Civil Engineering at the University of
Illinois.. Urbana, Illinois, where he received a B.S. degree in Civil Engineer-
ing in 1942. While an undergraduate student, he served as an Engineer f or the
city of Cha.mpaign, Illinois, and as a student assistant in Civil Engineering.
After spending nine months as a structural draftsman at the American Bridge
Company, he returned to the University of Illinois in 1943 as an instructor
and research assistant and received an M.S. degree in Civil Engineering the
following year. Upon completion of a tour of duty as an officer in the U.S.
Navy, he served as a Research Engineer at Lehigh University for one year and
then returned to the University of Illinois, where*he has been on the prof es-
sional staff since 1947.

Prof essor Munse's area of specialization has been the basic engineering be-
havior of metals and metal structures. He has made numerous contributions
through his research on the static, fatigue, and brittle behavior of riveted,
bolted and welded construction, and in the engineering application of the
results of this research into the classroom, and in the translation of the
research results into materials and designs specifications. This latter
achievement has been made possible through his membership on the design spec-
ification committees of the American Institute of Steel Construction, the
American Velding Society, the Research Council on Riveted and Bolted Struc-
tural Joints, and the American Railway Engineering Asociation, and on materi-
als committ.ses of the American Society for Testing and Materials. In
addition, he has contributed to many national asd international committeer
concerned with the behavior of metals and metal structures, serving as U,S.A.
delegate to the f atigue commission of the International Institute of V'.1 ding
and the f atigue and fracture commission of the International Ship St',ucture
Committee.

The results of Prof essor Munse's research have been presented 1.s many national
and international journals and reports. He is author or co-author of more
than 140 publications, author of the Welding Research Council book on 7atigue
of Welded Steel Structures, and author of chapters in several other books acd
handbooks.

In addition, Prof essor Munse has served as a consultant or advisor to many
industrial and governmental agencies on problema involving the properties and
behavior of metal eructures. Included have been the development of design
specifications for the Corps of Engineers, the evaluatioa of the fatigue
resistance and the development of fatigue design provisions for such organica-
tions as the Chicago Bridge and Iron Company, the U.S. Steel Company, the ACF
Company, the Association of American Railroads, and the U.S. Navy; and as-
sisted in the evaluation of failures of bridges, railroad cars, buildings, a
water tank, and an off-shore drilling rig. He has served also in an advisory
consulting capacity to a number of other industrist and governmental organita-
tions on structural and materials problema.

. -
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Biographical Sketch of
killiam H. Munse

Page Two

Professor Munse is an Honorary Member of the American Society of Civil Engi-
neers, as well as a member of a number of other technica1 and professional
engineering societies, including ASTM, AREA, AWS and TRB. In addition, he has
served on many of the technical and professional committees of these organiza-
tions. Has has been awarded the A2CE's Walter L. Hubar Civil Engineering
Research Prize and the Adam's Memorial Membership of t 4 American Welding
Society in recognition of his research on the behavior of metals and metal
structures. In 1976 he was recognized by the Japan helding Society on their
50th Annive - 'ry with their Distinguished Service Award.

!

In Mav 1983 tne Structural Division of the American Society of Civil Engineers |
bono sd Prof essor Munse with a symposium on the "Behavior of Metal Structures" !

and, in October 1984, he was elevaced to Honorary Membership by the Society. )
<

l
,

|
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Att4chment 6

BIOCRAPHICAL SKETCH
,

of
ROBERT D. ST0UT

Dr. Robert D. Stout is internationally known for his work in velding and has
von several awards for his accomplishments in this field. He has been on the
Department of Metallurgy and Materials Engineering faculty at Lehigh Univer-
sity since 1939 He was Chairman of the Department from 1956 until 1960, when
he was named Dean of the Craduate School, and served until his retirement in
1980.

A native of Reading, Pennsylvania, he came to Lehigh f rom Carpenter Steel Co..
where he was a metallurgist.

In recognition of his contributions to education and engineering, Dr. Stout
has received several national honors. In 1945, he was awarded the Lincoln
Cold Medal for "conspicuous advancement of the science of welding *. In 1952,
he was presented the Stoughton Award by the American Society for Metals (ASM)
f or "outstanding contributions to the teaching of metallurgical engineering",
and in 1972 he received the ASM's A. E. White Award for distinguished

teaching.

In 1960, he was selected to deliver the Adams Lecture to the American Velding
Society (AWS). He received the Spraragen Award for the best research paper
published in the Welding Journal in 1963; the National Meritorious Certificate
of the AVS in 1965; the R. D. Thomas Award in 1973 for service to interna-
tional cooperation in velding; and the Charles B. Jennings Award for an out-
standing research paper in 1974

In 1962, Dr. Stout received the R. R. and E. C. R111can Award et Lehigh,
presented annually to "the seaber of the Lehigh faculty who has done the most
toward advancing the interests of the University".

The David Ford MacFarland Award, presented annually *in recognition of
achievements in the field of metallurgy which reflect credit upon Alma Mater,"
was conferred upon him in 1959 by the Pennsylvania State University chapter of
the ASM.

Since 1955, Dr. Stout has screed as one of the of ficial American representa-
tives to the International Institute of Welding, participating in the consis-
sion to study the behavior of metals subjected to velding. He has attended
international meetings of the Institute and delivered the 1970 Roudremont
Lecture to that organization. He was a member of the asterials advisory board
of the Nr.ional Academy of Sciences from 1964 to 1968, and a member of the
Pipe 11e4 Saf ety Standards .$.dvisory Commites f rom 1968-71.

A graduate of Pennsylvania State Univeralty in 1935, he received his M.S. in
1941 and the Ph.D. in 1944, both f rom Lehigh. In 1967, he received the

,

honorary degree, Doctor of Science, from Albright College.

. - |
1

l

TVA VOL 2 51 Appendix 0

I

*
)r



~

Biographical Sketch of

Robert D. Stout
e

Page Two

He has authored more than 12" articles which have appeared in leading tech-
nical journals, and as author of the book "Weldability of Stesis" published in
1953 and revised in 1971. He his served as a metallurgical consultant to over
50 companies.

Dr. Stout was National President of the AVS in 1972-73. He has served as
chairman of several consittes? of that organization. He also has been Chair-
man of the University Researce Cosmittee of the Wtiding Research Council. He
is a sesber of the Society of Sigma 11, national research honorary society,
and Tau Beta Pi, national engineering honorary society, and is a Pellow of the
ASM.

-
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Attachment 7

RESUMI
,

N AME : Milford H. Schuster TITLE: Reraarch Engineer

FIELD OF EXFERTIGZ: Welding, metallurgy, nuclear power plant construction,
nondestructive testing, failure analysis

EDUCATIONf Specialized training in wsiding, welding metallurgy physical
metallurgy, resetor materials, ASMZ Sections I, II, III, V,
VIII, IX and II, electron beam welding, personnel v anagement,
engineering assurance, IHSI, C.E. EWR Training Psogras,
ASNT-TC-1 A, Level II MT, PT, UT, radiography, ANSI B31 1, pipe
velding, qualit control, quality assurance, eachining.

EXPERIENCE :

1986-Pres. Brookhaven National Laboratory (Materials Technology Division),
Technical Consultant to USN2C-NRR and I&E Divisions Tailure
Analysis.

1980-1986 Long Island Lighting Co. - Welding / Materials Specialist
Consultant, Chief welding Supervisor, Shorehan Nuclear Power
Station.

1979-1160 EBASCO Serv' ices Carporation - Welding Specialist, Commission DE
Federal, DE Electicidad, Laguna Verde Nuclear Fower Station,
Mexico.

1978-1979 Daniel International Corporation - Project Welding Superin-
tendent, Enrico Feral Nuclear Power Station.

1976-1978 Courter and Company - Piping Supervisor, Velding Supervisor,
Shorehas Nuclear Power Station.

1971-1976 Self employed - Welding consultant, Brookhaven National Labor-
atory; Fartner auto parts business.

1956-1971 Brookhaven National Laboratory - Materials and Welding Technical
Specialist.

1952-1956 USAF - Aircraft Fabricators Inc., Metals Processing Specialist,
velding instructor.

.
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h BROCKHAVEN NAllONAL LABORAlORY, .
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(T
La ASSOCIATED UNIVERSillES. INC.u. -

Uptori Long Won 1 New YcA 11973

(516)?82Dep:1 ment of Nucloor Energy F15 666h20

March 18, 1986

Dr. 3.D. Llav
Eng. Branch
Mail Stop P-1132 ,

U.S. Nuclear Regulatory Commission
Washington, DC 20555

Dest Dr. Liav:

This letter is being sent to docueent the visit of Messrs. P. Hasters,
W.H. Munse, R.D. Stout and ryself to the Sequoyah Nuclear Units oo February
26-28, 1956. This site visit was s:ade in conjunctico with our duties as Expert
Velding Team eembers on T1H A-3839 entitled "Evaluation of Welding Concerns atTVA Operating Reactors.*

The trip report is broken up into three parts; each part will cover one
days activity of the visit.

February 26, 1986 -

A neeting was held at the Sheraton East Ridge, Chatanooga TN, at 15:00
hours on Tebruary 26, 1986. The meeting was attended by both USNRC personnel
and welding consultants (Attachment it). The purpose of the meeting was to
discuss the TVA Welding Concern Program and establish the Celding, TemaCharter. loformal presentations were made by the following:,

D. Smith /W. Long

1. Discussed an overview of the TVA weldng concero progran and
established the charter of the Expert Velding Tesa.

1

\t. The charter of the Team is _ cot to address soy vendor velde- 't will
.

only address site related problems.

3. There are approminately 60 Sequoyah concerns on weldingtotal welding concerns. .out 500

4 Definitions of various acronyma were discussed, e.g., NSP.S. QCT, LER,etc.
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C a.1j k ow sk i to Lias -2- March 18, 1986

A. Acrdt

1. Provided a discussion of TVA history of the plants including

a. potential * generic" concerns

b. the fact that TVA does its own construction and design on its
units

c. a definition of ' employee concern"

2. Discussed the public meeting between USSRC and TVA nf Jansary 7,1986.

3. Described the TVA and USNRC telecon discussions of January 9,1986,
and TVA's coemiteent for a physical reinspection of their plants. I

4 Detailed the January 29, 1986, inspection report of Hessrs. Crowley,
S=1th and Cortland.

.

a. Discussed report's Executive Su= ary

5. Described the work the USNRC NDE Van was performing at Sequoyah Units
I and 2.

C. Craikowski

After NRC personnel left the meeting,1 addressed the Team and detailed
the specifics of the contract, the type of reports required, and most
irportantly, the independence which must, be usintained by the Team of Experts.

Februarv 27, 1986

A seeting was held at 10:00 hours at the Sequoyah Nuclear Plant site
between TVA personnel, USNRC personnel and the Valding Tess (Attachment
#2). A presentation was made by TVA personnel (Attachments 3-6) of the planned
activities of TVA in evaluating the employee concerns expressed about the
Sequoyah site.

After the presentation, the Welding Team and NRC personnel were escorted
on a tour of both * atts 1 and / (and conson areas to both) which included manyw

of the velds which were inspected by either TVA or the USNRC NDE Van or both.
Various serv:Laral welds and pipe welds were visually emanined by the Tess with
no abnormalities noted.

Af ter the tour, the Welding Team discussed their observations with USNRC
NDE Van personnel.

. -

1
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Crajk owski to Liaw -3- March 18, 1986

Tehruary 28, 1986

The Exit Critique of findings by NRC h*DE Van personnel was convened at
10:41 hours (Attachment 7). The report of findings were given the number
327/328 86-13. The Van personnel had reviewed docunentation for fifty pipe
welds as well as seventeen structural veld packages. HRC Van personnel had
inspected approximately:

350 structural velds (already inspected by TVA)
190 new structural welds (not previously inspected)

35 pipe welds (already inspected by TVA)
12 new pipe welds (not previously inspected)

There were some follow up NRC itema from the inspection and some areas
which were still under evaluation by NRC personnel, but one point was made on
the reinspection:

The differences observed on the quality of welds inspected
were not considered unusual or worse than industry norms.

I would like to note that both the TVA and NRC personnel were most
f orthright in providing answers to the Tese in a timely and prof essional

If there are any questions, please contact me.ma nn e r.

Ver t ruly yours,

Tw '

*Attachments
CJC/ad
ect Welding Team

F. Cortland #

W. Kato
W. Long
D. Snluh
J. Weeks

*

.

I

l

1
1

I
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(3/18/86 Memo Attachment 1)

e

Meeting at the Sheraton East-Ridge, Chattanooga, TN
Regarding Welding Concerns

2/26/86 - 1500 Hours ,

'

Attendees
,

NAMI ATTILIATION

Carl Czajkovski Brookhaven National Laboratory
David E. S=1th NRC/PWR-A/EB
Alan R. Herdt NRC - Chief Engineering Branch, Region II "

Bill Long NRC/NRR
Paul Cortland NRC/0IE
Paul Masters Consultant - Brookhavan National Laboratory ;
W1111a= H. Nunse Consultant - Brookhavec National Laboratory
Robert D. Stout Consultant - Brookhaven National Laboratory

,

;

I

|

;

L

|

,

i

h
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,

i

i

i

.

P

h
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(3/18/86 Memo Attachment 2)

e

Attendance List - February 27, 1986

.

NAMI ATPILIATION,

J.E. Rose
John Tox TVA
L.E. Hartin TVA-ONP
Alan R. Hardt KRC - Chief Engineering Branch, Region II
Bill Long NRC/NRR Project Manager for Welding
Carl Czajkowski "rookhaven National Laboratory
David E. .Caith NRC/PWR-A/EB
Ceorge Georgiev NRC/IE
Robert D. Stout Consultant - Brookhaven National Laboratory
William E. Munse Cons ult a nt - Brookhaven National Laborat ory
Paul Masters Consultant - Brookhaven National Laboratory

,

John D. Whita TVA Engineering
D.J. Et:1er TVA Office of Engineering .
C.W. Hatmaker TVA Office of Engineering
Gary J. Pit:1 TVA Office of Nuclear Power
Robert A. Montgomery TVA Of fice of Engineering
Larry D. Alexander TVA SNP
J.W. Co'an TVA WP
Robert M. Jessee TVA WP

,

,

.
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VF1Dif13 RRECT OfRTFR

t

.

.

EXA'41tE 'an CRGANIZATICt+'4. FELDING PRCGR/WS IN TVA, DETER 41tE A'iY RDEDIAL

ACTICriS THAT i4Y B2 PEEGD, NO TAKE TECSE ACTIOiS tEGS* RY TO ASSURE T)MTJ

anURE TVA PERFCRED hE.DitG ACTIVITIES ARE IN ACCCRD WITH WA'S CO!4|ThENT
TO EJ2Lf.EICE IN ITS fu1 EAR PRCGRAM,

WRIFY Tr%T THE TVA PEPILRED hE. DING CF STRUCTURES, PIPltG SYSTEMS, NO

OTHER SAFETY-RELATED PLNiT CD P0 TENTS, h4104 ARE CURREtm.Y IN R.AG AT

TVA'S tu2. EAR PLA'fTS ARE ACECUATE TO tEET TVA, CcDE, No REG.LATOif
P2CulR.%TS,

TtE PRICRITY WILL BE AS FO LOVS:

-
,

1. SEcuoY/41

|

1

2. M TTS BAR

3. ErrwNS FERRY

4. EELLEFOfTE

0 5340.06

TVA VOL 2 59 Appendix 0

._ _ . . _ , _ _ ___



.. . _ .-

o/is/ec nsno .stt.ichesnt 4)

k
.

sc. -

s$$!! $83
-

$ BW b 6
#

U
ha' B~~

*
,

n' .

I vi |

k | (g w
'

egj &@ |

552 f-! |bg8gs-

s'

48i 1.

9 E-Cg*
.

b
~ Z

B ag |-

8$ $$$
se 23 i

-

~2 g

|

WA VOL 2 60 Appendix 0

|

.-,



(3/l8/86 .'!cmo At tachmetit ;)

M
.

RAT I .

.

TE PRlh%RY RJRPOSES & f4%SE | ARE TO ENSURE T)MT TIE TVA PROGRAM, DESIGN

DOCU.EhTS, PCLICIES #O PRCCEDURES CORRECTLY EFLECT TVA Co.filThEhTS NO

REGJLATORY EQJIRBEtGS NO TO IDENTIFY NO CATEGCRIZE CO' KERNS /

CEF1CIEtCIES IN TIE h? DIt+3 FROGR/N.

|

f%tT II |

l

TE PRlh%RY PUR?OSES & P>nsE || ARE TO:

EV/LUATE THE lhPLDEhTATICth CF PRCCEDURES j
-

FcRIFY T)MT INST 4. LED WELD {NTS PEET EQJIRDENTS CR ARE ADECLRTE
-

FCR SERVICE

i

CCRRECT ## PRCELD45, thfLDENT OutGS TO PREVEf6 ECURRENG-

|

Ge32.02
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(3/18/86 Mumo Attachment 6)
/CTICN FUN

.

FHE I
,

.

1. REVIEW TVA Co.talTheRS To tRC i

2. VERIFY TIMT h31TTEN PRCGW4 EFLECTS CD talTbENTS

l

3. ASSEbELE QJ4.lTY ltOICATCRS & "hELDitG COtCERNS" BY TrPE NO PLAhT

4. TEtO no Evn.UATE EFFECT T 'oJALITY ltOICATORS" ON PRCG%MS

5. ISSUE /CECUACY STATDENT EC#DitG hRITTEN PRCG%%S TO lbPLEFOR/
COURCL ELDifG

l

FWM II

.

1 PERFON WELDitG PRCCRAM lbftDENTATIO4 ALDIT
- COdSTRLCTIOi PROGRAM lbPLDEPRATICN

- CPERATIO6 PROGR/W IbftDENTATIO4

2. EVALUATE MED F01 tiDITIOR EINSPECTIO6

3. IFPLSENT ## ACDITICFA EllG?ECTICr6 NO DEFICIE!GY ESCLUTIOG (BOTH
ltOlVIDLR NO 7)ERIC CASES)

4. YELDitG PRCUECT WILL ISSLE Fl?R REPCRTS, EACH PUWT

-

OXQ2.02
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(3/18/86 Memo Attachment ?)

Attendance Roster
*

Exit Meeting

NAME AJFILIATION

?Robert Birchell Compliance SQN
Larry S. Bryant Mech. Maint . SQN

*

Cary S..Boces Mech Maint. SQN
M.A. Skarzinski SQN
Paul Her an NRC
Clenn B. Kirk SQN
William R. Ra=sey SQN
3. Patterson SQN
P.R. Wallace SQN
N. Choules NRC- Region III
Dolan Falconer NRC-Region II
Donald S. Brink =an NRC-0IE
J.T. Taffanstedt SNIP
J. Blankenship Info. Office
D. P?rsinko NRC/DHFT/MTB
R. Lloyd NRC/IE t

Arthur Howell, III NRC/IE
Owen Go= ley NRC/IE
L. Watson NRC Region II ,

Michael Purcell Regulatory Engineering
L. McCormick Regulatory Engineering
W.S. Vilburn Site Services
M.R. Harding SQN
H.D. Elkins, Jr. SQN ,

R.V. Pierce Mech. Mth./SNP
R.W. Olson SQN-Hodification
R.C. Denney Design Services SNP
A.R. Meller NSS *

F.E. Denny OE-QMS
R.N. Butler QA Staff
Roger Landis Mods / Mech
M. Sedlacik Mod
L. Alexander Mod

*W. Liu NRC Region II
R.W. Newsome NRC Region II
H. Kerch NRC Region I i

A. Herdt NRC Ragion II
5. Crowley NRC Region II !
D.E. Salth NRC/NRR/PWR-A ;

George Georgiev NRC/IE
J.H. Fox TVA
Cary J. Pit:1 TVA Office of Nuclear Power
J. Brandy MM/SNP
Gerald Hinton TVA
L. Mink TVA
D Mickler Cons t ruction
Robert D. Stout Consultant - Brookhaven National Laboratory
Carl Czajkovski Brookhaven National Laboratory
Paul Masters Consultant - Brookhaven National Laboratory
William H. Munse Consultant - Brookhaven National Laboratory
J.W. Coan TVA
V.O. Long KRC

.
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April 25,1986 !

Dr. B.D. Liav
Engineering Branch
?!all Stop P-1132
U.S. Nuclear Regulatory Cc==dssion I

Washington, DC 20535

Subject: Trip Report, Sequoyah Nuclear Power Plant, TIN A-3839, TVA WeldingConcarns

Dear Dr. Liav:

I
The SQN Expert Velding Consultant Team met with TVA and NRC personnel

during the period of April 14 - 16, 1986, at
Plant. The objectJ ves of. this visit were: the Sequoyah Nuclear Power

1.
In plant hands on evaluation of support and piping welds previously
inspected by TVA, Bechtel and the NRC Inspectico Van person al. *

2.
Revlev as applicable welding concerns with TVA managene~ot, weldingengineers,

construction personnel, quality assurance representat'.esand inspection personnel.

3.
Provide preliminar7 BKL Expert Welding Teac input and recommendations
regarding SQN/TVA action plan and inspection activities to date.

Schus t er, V.D. Doty and C.E. Hartbewer.SQN Expert Welding Team participants were Messrs. C.J. Csajkovski, H.H.

Branch, DPL-1, Bethesda, MD. Coordination and NRC coverage was provided by D.E. Salth, Engineering

The followinC trip activities are disevssed in this trip reportt
.

A. Entrance meeting
B. Tield evalustfoo of support and piping welds

. -C. Interview of TVA personnel
D. Erlt meeting
t. Sum.ary conclusion

TVA VOL 2
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A. F.n:1.ince Mee t j nr

The ent rance meet ing was convened at approrima t ely 10 a.m. The meetii
was at t ended by TVA personnel, NRC, and the Welding Team consultants (Attac
cents #1.)

D. S=ith, USNRC, Engineering Branch, Bet'esda, PCr., and C.J.Ctajkovskih
provided an overview of the Velding Team objectives and purpose for the sit
visit (as described in int roduction).

L. Martin, TVA, discussed the status and current schedule of the Vatts
Bar ecployee concern program. He also s:ated tha: at this time the e=ployei
welding concern pregrac a: SQN 1 and 2 is not a critical pa:h 1:e= and that
the final repor: is in its final draf: condi:1on and vill be sub=1tted to tl
NRC in a shor: period of ti=e.

April 15,1986

B. Field Evalua: ten of Support /Pioine Velds

In order to provide a more objective evaluation of SQN e=ployee concero:
reinspec:fon plan, and the SQN corrective ac:fons and final report, the Weld-
ing Tea = vas provided a tour of units I and II with access to reinspection
sa=ple lo: structural corponent and piping velds which had been ins,aected by
TVA and the USNRC NDE Van personnel. Personnel who participated in the tour
were D. Seith, USNRC; Welding Team members, Messrs. C.J. Csajkowski, M.H.
Schuster, V.D. Doty, C.E. Hartbower; and TVA members, R.H. Jesse, J.R. Tom,
S.P. Stangnolia and C.V. Hartaaker.

Weld and component identifica: ion was provided by TVA personnel. Piping
isometries and design documents were neither reviewed oor verified to unique
ideo:ifi ca:1on or *as-built * condition.

Welding Team members examined approximately 33 structural supports so3
piping welds. Structural support welds were predonicantly of fillet veld cor-
f i gu ra t i o n. Piping welds were Butt and fillet socket with emphasis on
butt welds. *Jeld anomalies were noted and comparison with the TVA and NRC
inspectico reports will be accomplished. To date, the Velding Team is not
to possession of the TVA lospectico reports.

April l$,1986

C. Interview of TVA Personnel

Upon completion of the field sveluatico of piping and structural support
welds, the Velding Team and USNRC represents:1ves met with TVA personaal
(Attachosot II). The purpose of tinis meeting was to give Velding Teso members

i

1

-2-

i

I
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an opportunity to discoen and review pr e v i nn r.] y identified welding concerns
with wc) ding engi neering, quali ty cunt rol, quality annurance, and TVA manage-
ment. Specifics such as innpection personnel experience, training require-
ment s, work as signment s, veld rod issue, weld rod control, velder' testing ASME
Section IX/AVS DJ .1, r.aintenance of welder qualifications, velder tracking
requirements were discussed at 1cngth with TVA personnel.

Weld inspection requirements such as pre weld, in process and post-weld
inspection, frequency of these inspections, verifica:lon of welder qualifica-
tions during these inspec:f ons, inspection tools, receip: inspec:fon require-
eents, wel2ing procedures, inspection procedures, weld documentation require-

.

eents (traveler), nanposer requirements, veld repair requirenents both doev-
renta:lon and in process were also verified by discussion w1:h the TVA
attendees. 7:e:hodology utilized for TVA sacple lo: Inspections and selection
of welds and s:ructural cocponents was provided by TVA personnel. It should
be noted tha: TVA pa r:1cipants a t this meeting were cooperative and forthright
in their responses t o the Velding Tea = cambers.

April 15,1986

D. Ext: Meeting

The Exit critique of the vi;1: was convened a: approxica:1y 1600 hours
(At:ach=ent III). D. Scith, USNRC, Materials Engineering, acted as the group
spokesman.

The Velding Team requested:

1. Purchase order requirements, design specifica:f on and caterials
certifications fo'r steam generator s:ructural supports. Review of
charpy V no:ch requirements will be perforced upon receipt of the
requested documents.

.

2. List of all employee conceros related to SQN. The Welding Team
requests that these be provided on ao ongolog basis until completico
of this assignment.

3. SQN TVA quality control personnel certification records..

4 SQN TVA reinspectico reports.

5. SQN corrective ac:f ons resolutaon and rework schedule.

6. SQN TVA welding concern closecut matriz (if available). (Concera
vs. NSRS closecut report). e

7. The Velding Tess observad three structural supports with unwelded
sections.

8. Provide indepcodent reports /conclustoss which have been or may be
lattisted in response to reinspectico results.

l

3 -

|

i

I
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rnnelor. sons

in fcneral, Velding Team members did not express specific concern as a
result of this SON visit. There was some discussion regarding HDE require-
rients f or ASME Section III, Code class III piping weld. The differences
between other industry st andards and Nuclear NDE/ inspection requa reroents was
discussed at length.

If there are any questions, please contact the undersigned,

wYLcMA/ % b$*
Milfdtd H. Schuster Carl C neski

MHS : CJ C/ad
Attachment.s

ec: Velding Team
P. Cortland
V. Kato
V. Long
D. Smith
J. Veeks

t

I

|

.

TVA V0L 2 67 Appendix 0

|
|

., . - - .. -- . . _ . . _ _ . .. . .-.



(4/25/86 Memo Attachment 1)

e

Attendance Roster
Entrance Meeting 4/15/86

NAME AFFILIATION .

;

Robert Birchell S!>P Compliance
Glenn Kirk SQN
W.D. Do t y Consultant - Brookhaven National Laboratory
C.E. Hartbower Consultant - Brookhaven National Laboratory
D.E. Smith NRC/NRR/PWR-A
Carl Czajkowski Brookhaven National Laboratory
Fulford Schuster Brookhaven National Laboratory
John Fox DNE
I.E. Martin DNP
S. P. Stagnolia Nuclear Construction
R.M. Jessee Nuclear Engineering
Carl Hartaaker DNE
Roger Field, Jr. SQN
L.M. Nobles SQN
David Humble Mech. Maint.
Richard Butler SQN-QA
Robert W. Olson SQN
Larry Alexander SQN

- -
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(4/25/86 Mer.o Attachment 2)

e

Attendance Roster
Interview Meeting 4/15/86

NAME ATTILIATION
.

M.H. Schu' ster Brookhaven National Laboratory

John H. Tox TVA

Lawrence Warner TVA-ISI
Dennis Allen TVA-ISI
Brett McCreary TVA-QA
Carl Czajkowski Brookhaven National Laboratory

*

David E. Smith KRC

Carl W. Hartmaker TVA-DNE

$ Stagnolia TVA-OC-WTC

Roger Field, Jr. TVA-OE

Robert M. Jessee TVA-DNE

W.D. Doty Consultant - Brookhaven National Laboratory

C.E. Hartbewer Consultant - Brookhaven National Laboratory

1

i
i

t

1

,

v
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Attachment 10
*

TENNESSEE VALLE'Y AUTHORITY
CM AT T A NOCG A Ten NcSte c 3?e01e

55 1575 Lookout Place

AUS 01986 i
!

Director o,f Butlear Reactor Regulatiot.
f

*

Attention: Mr . B . J . Youngb l ood . Project Director
PWR Project Directorate No. a !

'

Divlelon of Preseurised Water Reactor (PWR) |Licensing A
U.S. helear Regulatory Conanission j

'

Washington, D.C. 20555
!

Dear ur. Youngblood: ,

In the Batter of the ) Docke t Nos. 50-32 7 * l

Tennessee Dalley Authority ) 50-328 i

,

Please refer to your letter to S. A. White dated June 10, 1986 which requeste<
aedittenal inforestion en the Sequoyah Buclear Plant Phase !! Welding Projec t
Report s . Enclosed is the roeponse to your request,

If there er, any questions, please get in touch with R. H. She!! at
!

I

PTS 954 26 84.
'

I

Very truly yours.

TEWWE2388 YALLEY AUTHORITY

s -- lj1

!

R. Crldley. Di tor
helear $$ tee t Li c en s ing

h 1eeure
W s. hioar segulatory commission (meleeure)e4 :

besten 11
Attentleet Dr . J . De l s en C r o c e , Reg i ona l Adm i n i s t r a t o r
tel antlet t a st rwe t . W, sui t e 2000
Atlanta, Georgle M323

1
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\

ENCLOSURE
.

SEGUOYAH NUCLEAR PLANT MELO! M PROJECT REPORTS |
,

|
.

1. In 2.0 APTECH E41MEER!% REPORT (Supplemental Information), Page 3, ,

4th line -it is stated that "In the case of the feedwater lug. no j
engineering evaluation was requested by the plant." .Why was installing '

the el551ng welds to drawing requirements chosen as the means of
resolving a alssing wid probles rather than performing an engineering
evaluation as had been done with a very slet tsr probles? Demonstrate
that code requirements were met without installing the missing welds.

Response: lenen elssing welds are identtfled during inspections. It 15
usually much easter to add the wlds as required by the
drawing (provided there is sufflctent access) than to request
engineering disposition to leave "as is." This was the case
for feedwater lug FDN-203. However, when sufficient access
does not peralt wlding, enginee.rtng disposition and
subsequent drawing changes are inttlated. This was the case
for the Safety Injection Systes stanchton-to-pipe weld,
1-SIN-17.

In the case of 1-S!H-17, engineering gave preliminary
approval to leave 'as is" since cursory calculations showed

,

that the actual weld prowlded was adequate for design loads.
Therefore, addition of the weld was not required.
Engineering vill provide flM1 calculations to demonstrate
structural adequacy of the sueject support amen the drawing
is revised and reissued.

2. The ters ' separated sold' is used in 2.0 APitCN [mG!stteluG RE80RT <

(Suppleeeetal Information), Page 3, 12th line. Define the ba si s ;

for your assessment of this weld failure as being due to operating '

transients and not having been due to poor weld quality or cracting
durlag fabrication.

Respease: Since no cracked welds have been found during the
reinspections, there is no reason to twestion the evality
of the construction velds. Conversely, there is not a
readily teentifiable basis for attributing the occurence |

'to an operating transient. TVA determined this to be an
isolated case since no other cracked welds or damaged |
Supports were found la the s'.ae area and the cause is j

ladetermineto.

3 In the APTECM [RCIt([R!ltQ t[PQRT, the Table titled. 'N010($ct!PT!0n$
- $(OJ0 TAM IEJCL(AA Pt.Amt UIlif l'. 110! Muster 500201, under Olsposition
and Additional Comments it is stated: ". . . clean weld area per
106-17, palnt and re-e 4mine.' (splain how code requirteents were met
ulth the taasInstion following painting.

|
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Response:
The note under N01 500201 In the APitCN E MINttRING ACPORT

'

is an editorial error. The Malatenance insgruction.

required tnat the subject weld be added, cienned, visual
and PT esamined, then painted. The inspe: tion report
shows that the weld passed final esaalnation (visual and
PT) on 12/1/85 and has not yet been painted.

4.
In the APTECM ENGINttRING REPORT. Table 4-1 lists-5 Licensing EventReports concerned with welds.

Provide the number of LCRs evaluated inthis search. Nere any failure analyses conducted of the welds coveredby these LERs? If so, please provide them.
Response:

There were 840 Ltts evaluated in the search. A
metallurgical failure analysts was done in conjunction with
LCR 80156. The failure analysts involved a vendor veld
(seal water injection line to reactor coolant pump weld)..

5.
Here there ever other than 17018 carbon / low alloy steel shielded metal
arc welding electrodes on the Sequoyah site. such as (8018C3?
Demonstrate that incorrect electrodes were not used on any weldaent.

Response:

A. Cons truc t t er.1*hase

Yes, small guantitles of (6010. (11018X and verlous other types of
specialt/ malmtenance electrodes were kept on site. These materialsand their use were strictly controlled. Their uses were lletted to
such tatags as construction plant (teoporary construction facility)
atlatenance and construction; maintenance of construction equipmeat;
hard ftclng of constrwction etulpment cutting edges; crane boom
repair; tulld up for hard facing of worn construction equipment; and
the fabrication of construction jigs and flatures.

la addition to the previously described w intenance materials, small
guantitles of L4018C3 an< (7010Al esterials were used on appropriate.

permanent plant features.
The use of these asterials was also

Strictly controlled in accordance with the construction Quality
Assurance /0mality Control Program.&

Checks and balances were reflected in construction procedures to
lesere the proper procurement. storate. and application of weldirig
materials esed for permaneet plant construction. These included the
recording and verification by QC Inspectors of filler matet'lais by
type of safety related pipewelds and a QC survelliance to spot check
proper filler asterial application on all s3fety related welding. Inaddition QA reviews of safety related pipeweld records includedelectrode type as a check point.

J
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I

i

8. Operation Phase
:
I

Yes. like construction, small quantitles of various types of other !
electrodes are maintained for specialty welding and specialized '

malateM ace applications. These include carbon steel coated
electrodes other than (7018 d ich have not been used on safety related !
plant features. These applications include maintenance of shop and !

shoc equipment, fabrication of temporary jigs and fixtures, and
noncritical malatenance of non-safety related balance of plant items. )
These materials and their applications are strictly controlled in
accordance with approved plant procedures.

14aintenance and modification procedures provide for the QC j
verification of proper fille;' asterial use for safety related :

asolications. This verification provides indirect traceability to |
heat / lot numbers. In addition, a QA surveillance program provides !.

additional spot checking of proper electrode usage. |

6. For the techtel Audit, dat were the total number of welders and
inspectors la the populations from which the audit sasoles were taken?
Provide separate totals for the Office of Construction and nuclear
Operations.

!

tesponse: populations from which the techtel Audit Tesa selected are
as follows:

Orsantastion Welders Inspectors

Construction appros. 3100 approx. 180
Ruclear Operations appron. 295 appron. 120

7. The TVA telnspections checked the relative angnettsa for all wlds,
ansteeltic and ferritic.1964t uns the procedure for this laspectim
method? Provide justification for different levels of magnetism .:.d
their acceptance criteria, particularly * weakly magnetic".

Response: Yhe engnetic chect for generic filler setal type (i.e..
ferritic or austentlic) ass performed by touching a small,

peramment asgnet to the we1d deposit and notinq hls
judgement as to dether the deposit was strongly, weakly,
or ass-espnotic. The inspector also noted dether the
base asterials telng joined were stainless or carbon steel.

Evaluation of correctness of filler metal was done by CC
accordlag to the following guidelines:

'

1. The correct weld metal for welds joinint stainless steel
to stainless steel showlJ te weakly magnetic or non.*

angnetic.

2. The correct veld metal for welds joining stainless stett
to carbon steel should be weakly magnetic or non.
magnetic.

TVA VOL. 2 73 Appendix 0
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3. The correct weld metal for welds joining carbon steel to
carbon steel should be strongly magnet,1c.

.

The above tutdelines are as contained in P.S.3.C.ll.1 (RI).
The "weakly magnetic" category as a permissible condition
for itees I and 2 above reflects that the correct statalesssteel weld metal used in these welds should appear non-
angnetic or weakly magnetic depending on delta ferrite
content and/or degree of base metal dilution.

-

8.
Cracks were not insted as one of the attributes in the tables of TVA
teinsMction heport. store any cracks found during the TVA
helnsMction? Also, porosity was not an attribute listed in the
structural welds table. leiet was the rejection rate for porosity in
the structural welds in the TVA Reinspection?

-
'

helponse: Both cracts and porosity were attributes that were checked
in the reinspection effort. Ito cracks were found during
the reinspection. Rejectable porosity was not found on
say structural tolds,

g.
In a.4.1. Page 8. line 21. of the five welds which wre ground, wre
the 'hanufacturer's alalaus well thlCkness reQulfetents encroached upon?If so, to what estent?

Response: (21y one wid (2CCF.44) of the five which were ground to
reduce surface laelcat ons had its manufacturer's a!nteue
wall thictaels encroached upon. This weld is in a 4. Inch
schedule 40 carbon steel pipe. The measured thickness
localtrod ground area is 0.198". This is 0.0094' less
than the asaufacturer's minimum well requirement of
0.2074* tut is more than twice the design alnimea well of
0.0S*.

10. i
In 4.4.1. Page 10 lies 1. the rowth condition of two w lds fJund
earlag the relaspection is discussed. PrtWie information that
justiftes the statearnt. "The indepth investigation of the welder and
laspector smaltf tcatlos revealed no ladicellons of inadequacy of the
welder er laspector capabilities." ISut was done to demonstrate that
this level of wortasaship by this welder and/or judgoeert by this
lespector more not repeated elsewhere at leguoyah?
Responsei After proper removal of paint both welds were laspectable

by the penetrant method. fhe laspectors' certification
files were reviewed and both laspectors in question were
found to have at least tuo years espertence at penetrant.

testlag when the Inspections were made. The welder was
talttally certifled in leay 1975 and had melded in nuclear
asellcations off and on state that tlas. TVA determined
twat no further lavestigation of the inspectorg' or
welders' nork was necessary.

,
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11. In 4.4.1, Page 11 in the table titled "Pir8tNG WELDS", the rejection
rate when expressed in terms of the percentage of welds rejected 15 561
(184/333). Cven allowing for some rejected welds counted scre tnan
onc) because of more than one rejectable attribute, the rejection rate
is very high. 4) What is the root cause of this high rejection rate of

| ortilnally inspected and accepted welds? b) Is there any basis for
concluding that there is a connection between the escloyee concerns|

expressing doubt about inspectors capabilities or that harassment and
,

!

intimidation of inspectors occurred? c) With resptet to question a).
address in particular the attribute underfill, which has very specific
code ' requirements. d) The arc strike / weld spatter rejection rate was ,

| 317.. Wat is the root cause for this high rejection rate? e) What j
l mere the original inspection criteria for these weld attributes? f)

i
m at were the reinspection criteria for these attributes? g) What is :

the justification for elimination of inspecting arc strikes for cracts |In G-29C?
i

'' Response: The reinspection rejection rate on a per weld balls to
inspection requirements is 241 (40/333). The 184 arc
strikes and weld spatter indications were reportable but

inot rejectable. 04se metal outside the weld area was not i

required to se enantned by the construction code. The ,

procedure used for the reinspection required base metal
|Indications outside the weld to be reported. -

Any reinspection effort will typically have a rejection ,

rate of 5-10 percent. However, a reinspection such as !
this can have a rejection rate approaching 20-25 percent
because of the :lrcumstances under welch the reinspection
eat made.

a. mat is the root cause of this high rejection rate of celginally i
inspected and ascepted welds? !

\
Response: The root cause of the high discrepancy rate involves botn !

psychological factors and a changing inspection philosoohy |la recent years. Inspectors perrorsing this reinspection !

&aticipted "second-guessing * of their judgements by [
others. Gecausethereispudgementinvolvedinweld ;
laspection close calls all, laevitably become rejects i

ander such conditions. It is unrealistic to espect the !
results of a reinspection performed under the degree of j
scrutlay involved here to yloid results comparable to |
those performed la the 1970-40 era. This does not laply i

Inadeewate inspection during construction. It does
reflect a chanos in weld inspection philosoehy and
methodology over the Hit 15 years and most particularly
la the M st 2 3 years. The significant change involves
less reliance on the inspector's eyes and judgement of the..
sold 45 4 whole, and more on quantitative measurement of
every attribute on every lacrement of weld.

j
!

!
|
f

f
i

!
!
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I

To a lesser degree, the current discrepancy rate 15 a
!result of changes in acceptance criteria (see *d" below).

*1s there any balls for concluding that there is a connectionb.
between the teoloyee concerns espressing doubt about intcettors
capabilltles or that harassment and intimidation of inspectors
occurred ?

|

cesponse: The program was working properly and Intsectors were
perforslag properly. We have no evidence that would,

support the conceret atK.'.it inspector capability and '

Inspector harastaent or intimidation.

c. With respect to question a). addrett in particular the attribute
underftll, which has very specific cooe requirements.

,,hesponse: Seven of the 11 welds rejected for unde? fill involve
locLolet branch connection fittings to pipe runs. These
fittings are procrietary products designed to provide
integral reinforcement of the branch opening. Because of
the configuration of the fittings themselves and the
geometry of the connection as a whole, the correct weld
tire and configuration is not obvious. This is
particularly so in the cases where there 15 little
difference in the 1126 of the run pipe and brant.h
connection.

The reaalning four instancet of underfill involved welds
joining arabers of unequal thicknots (ptpe to valve or
fitting). More the reported underftll was with respect to
the edge of the thicker member. However, the weld
thictness was greater than the slalam pipe wall
thickness. (Refer to note 4 of Appendla 4.4.)

les agree that the code requirteents are esplicit with
regard to onderf tll as appiled to typical pithy girth
butt melds. Underftll in such welds has not historically
bn n a probles and was not la this reinspection.

J. The arc strlL4/w 14 spatter rejection rate was 311. lesat is the
r st cause for this high rejection rate?

TVA procedures in use during the construction of Sequoyah'sponse:

listlear Plant prior to March 21. 1979 did not require the
reportlag of arc strikel valett a cract was present. The
procedures used during the relatpection did require
reporting of arc striket. The data steely reflects the
procedure requirements la the two different time frames.

.

1
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Weld spat';r has been prohibited by TVA inscettlen
criteria since 1970. Neither the constructlen era noe
current piping codes (ASMt Section !!! and 831.1) AJcrest,

the condition. Although lueced with arc Striket at a
discrepent condittor.. It was reported on only three piping

*telds.

e. What were the orl" inspection criteria for these veld !
at trl'aute s ? 1-

meiponie: riease refer to ite. c ror rei.onie. .

f. 24t were the reinspection criteria for these attributes? f
Response: Both arc strikes and weld spatter were treated 45

discrepant conditions during the reinspection,

g. mat 15 the justificatica for ellaination of inspecting arc i

striket for cracts in G-29C?
'

tesponse Cracks have been s64 are presently prohibited in welds and''

adjacent base asterial in TVA talpection procedures. Thlt !
pronibition includes cracks in arc strikel or anywhere else |

within tne tone of inspection. !

12. In 4.4.1. Page 11 and 4.2.1. page 13. In the tables titled 'P! Plug
WLDS* and '5T4JCTURAL ELOS* respectively, espressing veld rejection )
rates based upon the attribute Inches 15 aisleading. There was only a j
flat te nebet of welds inspected and a quellfled craftsman thould be ,

caMble of asking welds which meet all of the attributes in all of the ;

inchet sehnitted to latpection. Fe' these tables, please rearrange the i
data 45 fellows: ;

tespante: ,

PIPC IIELM i
1

a0. W r!LDS No. W istLDS WITM luo. W NtLOS j
TYPE CT letLD Rt!WSPECito AtJtcito i

LZPORTASLt flC'0Afl0er$ SY C00( SY Coot
_ _

locast lesId5
Office of Coatt. 204 78 0
esclear Oct. 34 4 0

butt the'dt
Office of Coast. 64 46 0
auclear Oct. 22 6 0

Attachent to Pipe Mall

Office of Coast. $ 0*

belear Opt. 0 0 0
Total tieldt .

Office of Coast. 277 127 0
helear ops. $6 12 0
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$TeuCTURAL wtLOS

'NO. OF wtLO*
NO. OF WELOS JOINTS NOT

N0. OF stLOS WlfH REPORTABLE Mtti!NG
TYPE or utto AtleSPttit0 _1%!CAf tonL OtStGN Rt0UIREMENTS

Fillet holdt
Office of Co st. 1040 160 O.tuclear Out, 144 21 0

tutt leeldt
|Office of Const. 50 4 0 iIhsclear Opt. 0 0 0
'

other (specify) - Flare
;

Office of Const. 92 24 0
i

,

bclear Ops . 24 2 0
,

'leeld )olnts were eetlustid not IMtvidual weld segments.

13. In the TVA Minspection Report, a comparlton il nede between original I

lateettica results and the reinspection results for piping veldt. If ,

such a tamperiton can be made in a quantitative manner for structural ;
welds, please present the data.

'As tpon se : The original inspection met made on an ites balls rather
t4n inelvlevel seld, consequently, we to not believe
postitle to make a meaningful weld ty self comparlton
W tueen the reinspection results and the original
latpection results for structural solst.

14. heferring to the Legend for Table 4.2. In the FiM1 Resolution colum,
define the meaning of the letter codel in parenthelet,

telponse: the letter coest located althin the P4renthetit in the
legead of the final Resolution of fable 4.2 wewte variout
dellga lottloat within the Olvision of huclear Engineering-

that had lead respontittlity of the resclutiont addretted
by the coes of Al through A10. i

at8 C9 . auclear (npneering tranch - Code standards &
liete.* alt M ctice

C(8 842 - Civil (ngineering 4 ranch Mechanical Analyllt
lettion #2

$QtP N3 . Seewyah Engineering Project leechanical Design
Section #3 i*

30tP C3 - 5etworah Engineering Project Civil Oesten lect %
#3

,
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15. There are som< ecolorie concerns a!.out various structures not '

treing in accordance with the as-built 1 ravings. Old the TVA
ret.nsMction adjress this issue! If so, report the deviations fror the
as.tpullt drawings found. Report the deviations in configuration as to
type of devletion, the rate of a type of deviation compared to the
nusc>er in the reinspection pc991ation, anJ if tuch deviations resulted
in not meeting code requireeents.

,

tesponse: me. This reinspection program was not intended to address
deviationt in configuration from as-built drawings. This.

subjact is teing addressed by TVA's esployee t;oncerns
program.

16. Table 4.3 shows that a total of 50 structures were reinspected in the
TVA reinspection program. Howe 5tr. Table 4.4 thows only 3! Structures
as having been reinspected. Explain the discrepancy.

-tasponse: Table 4.3 is correct for number of structures. Table 4.4
shows er of ltees or what was definea in Phase I as a
she et a se . An Itee may contain only one structure or a
avaner of structures.

To correct the Table 4.3, the title should read "M.M8ER Of-

attr57tCTED Stauctutts".

There are 31 packages (ltees) shown in Table 4.4. '

Two pactates (2o.10 and ho. 30) are not reported in Table
4.4. Itee #10 was not reinspected and Item s30 is
reported in the Mechanical Reinspection (Table 4.2).

The reeatning packages brehldown to the following nuster, of
structures.

Itses 2 thru 9)
12 )

'

14 thru 16) All contain ons structure
18 )
2' thru 21)
2. 2hru 29)
31 )

Ites 1- 2 structures
11 - 2 structures
13 - 3 structures
17 - 2 structures-

19 - 14 structures

I
1

|

|
i

TVA VOi 2 79 Appendix D



Attahexnt i1

*
noster o. stout, ceiwitaa:

141 usi.w.. s....
e. w . % % e.. isois

September 8, 1986
o.* %.. m u es ut se **'" **" u t n u6 ou t

.'
.

Mr. Carl J. Czajkowski
Brookhaven National Laboratory
Upton, N.Y. 11973

Dear Mr. Czajkowski:

This letter is a statement of my indi-
vidual reactions as a member of the expert welding team
formed by Brookhaven National Laboratory. This team was
assigned to review the adequacy of the TVA welding pro-
gram and the corrective actions taken by TVA in response
to expressed amployee concerns. The first segment of the
work was to examine the program and employee concerns
relevant to the Sequoyah Station. The committee embarked

j
on a physical survey of the safety-related Class 3 piping

;welds and structural welds, and also considered 117
jemployee concerns pertaining to welding together with the

TVA responses supplied. j
'

The physical survey did not raise any
serious doubts about the quality and adequacy of the
weldments based on visual examination. The fact that the
station has been in operation for sono six years without
significant welding failures supports th$ adequacy of

ithe welding.
1

No attempt was made to analyze the
documents pertaining to the programmatic aspects of the

!TVA operation beyond the extensive discussions among the
committee a:4 NRC representatives. The examination of
the employee conarns aid the responses of TVA did not
reveal any evidence of gross departures from accepted
practices. The chief weaknesses seem to be associated
with an overelaborated program which has suffered from

'

'

the failure of management to maintain careful control
of it.

In summary my conclusions are asfollows:
. -
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Page 2

.

1. The class 3 welded construction at the Sequoyah i

Station appears from the reinspection reports
of TVA and NRC to be of acceptable , quality. The
visual inspection by the team supported this '

view. *

.

>

2..No employee concerns were confirmed which threaten
the safety of the plant. |

3. TVA must restore full confidence in their man-
agement of the welding program.

4. There were no inadequacies revealed in the welded
construction which would prevent resumption of ;
operation of the Sequoyah Station. !

!
,

very truly yours, -

f SW1
Robert D. S tout

|

i

|
,

;

!

!

s

|

t

!

:

?
r

:
!
t

i

!,
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September 13, 1986

.

Mr. Carl J. Crajkowski
Department of Nuclear (nergy
Brookhaven National Laboratory
Upton, New York 1179)

Subject: Posi t ion Statement - Contract Mumber 225771 5

ft is the writer's opinion that the Technical Evaluation Report
(TER) relative to the welding concern program at TVA's Sequoyah units
1 anJ 2 dated August, 1986 and edited by Carl J. Czajkowski, properely
reflects the concensus of the Empert Team's evaluation of the utility's
response and action plan for addressing the eeployee weldleg concerns.

1During this evaluation It was quite evident that there was poor
ove r-all management by TVA. They appear to treat each site as an entity.
Their documents, which are innumerable, were confusing, overlapping,
repetitive, unclear and lacked continuity with regard to es:h other and
to revisions. This certainly results in a lack of understanding by all
craf t personnel and their supervisors. This a,1so appears to creese con-
fusion in the control by NRC in monitoring TVA's work. Tlies situation
adds to the pubtle's already poor opinion of the control and safety of
nuclear power plants. in the recent meeting with NRC this was quite
evident by the discussions within the NRC group relative to the TVA
situation.

The writer seriously questions the use of TVA's Visual Weld Accept-
Criteria for Structural welding NCIG-01, for the reinspection or for

;Initial welding. The document correctly states in its Introduction
,

paragraph I.1.1.1 of AWS 01.1 and that it was a new paragraph in the i

1985 edition. Also included is part cf the Coarentary on this paragraph, '

but falls to include the statement in the proceeding paragraph to the
effect that any modificatiens of the Code deemed necessary by the auth-
orlties should be clearly referenced in the construction agreement be-
tween the owner and the contractor, in this case, TVA's, the justifica-
tion for NCIC-01 is being applied many years af ter the original spec-
Ifications were written.

It is ludicrous to use a lower weld quellty requirePent, NClC-01,
than the original, D1.1, as the criterion to reinspect questionable
welding. Further justification of acceptance of vaderslae welds, lack
of speelfled number of welds, etc., by engineering reevaluation shows
poor original design work by specif ing over welding or a reduction off
the safety factor for the connection. Agale adding to the public's poor
opinion of nuclear power projects,

i

i

|
!
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P AUL C. MASTces Page 2

Poli t ion S t a t eme n t Continued

During the Tears on-site visit to the Sequoyah plant on Feb. 26-28,
1986 it was the writer's opinion that the weld quality'wss good. How.
ever it must be realized that this did not include , weld size, length, etc.,
as we;did not have these requirements when viewing the welds.

The writer cannot make a statement relative to the start-up of
the Sequoyah units as that must be based on the acceptance of the eng-
Intering reevaluation judgement and the acceptance of a lesser weld
quality requirement used in the reevaluation and weld reinspection
results.

w > -

nn.

Paul E. Masters

.

,

I

:
,

|

:

i

|
1

1
i

i

!
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At L .ic hnent !) )

I

i
W. H. Munse

,

1208 Devensntre Dr. |
Cha paign, IL 61821

.

.

Octeter 1, 1986

i

Mr. Carl J. Czaykcwski
Materials Technc1cgy Div. l

Becckhaven National Labcratcry j

Upten, New Ycrk 11973 J
i

Welding Ccncern Pregra: at TVA's Sequcyan Plants

Dear Mr. C3aykcwskit

This letter repcet is in answer to your request to the expert welding
tear. fer indivicual evaluation cf tne Weld Evaluation Program at the ,

Sequcyan Nuclear Plants, |
i

l

Ycur Technical Evaluatten Repert of August 1986 includes the expert
welding tea:'s evaluations cf the detailed Empicyee Ccncerns relative tc
the Sequcyan Units. In additten, I snculd like te effer the fellcwing
ec :ents and analysis concerning varicus aspects c' the everall Welding
Pecgra=. These ec=:ents relate tc the e=plcyee ccncerns as well as to a
variety cf etner questiens, analyses and repcets.

1. Evaluaticn cf Ccnstructice Welding and Inseeetten. Bcth the Apteen,

and Bechtel aucits anycived cnly an examinatica cf the welding and inspec-
tien dccumentaticn fcr SON and act an exa:1 nation cf the actual velds.
Based en these studies the Welding Program eencludes that (a) "the welding
prcgra: fcr the TVA Sequcyah Nuclear Plant is being effectively imple=ented
and that the insta11ec hardware is suitable for service," and, (b) "tnat
TVA had an effective pecgra: related tc welding and NDE." Mcwever, there
are many questions raised in these audits that lead cne to question these
cenclusiens. Fcr example, it is indicated in the Aptech repcrt tnat tne
welding and inspeetlen programs shculd previce quality welcs, if preperly
implemented. But, were they prcperly taplemented?

An exa:Inatico of the data on the weld reinspections at SQN shows the
edistence of nL? arcus welds with rejectable attributes (See Tables 4.2 and
4 3 cf the Vcl. III repert) even though less stringent requirements were
emplcyed in the reinspecticn than had originally been specified. This
certainly fees net indicate that the original designs and specificaticas
had been p * ear' y implemented. *

In ancther pcrtien cf the Aptech repcet it is noted that 46,430 hcurs
of operatten at SQN 1 ar.d 2 had net identified any welds which are not cf
suffielent quality fcr their intended service. This may be true for

TVA VOL 2 84 Appendix 0

-- -
-



._

2

operatips-service condaticns but dces not cover the maximum design leadings
for which the plants are designed: the cperating ccnditicns shculd not be
expected to pecduce any problems in the welds since they would not stress
the welds to the magnitude that wculd be reached by the applicaticn cf the
=aximum design leads.

In the Bechtel report it is cbserved that, "Many Cf the referenced
implementing precedures in the NCAM were fcund to te excessively 1cng,
antigucus, and de not give clear and concise instructicns to persennel te
perfer= tneir activity." Again, with such conditions existing it is hard
te see hew the welding and inspecticn persennel eculd pecperly per.'cra
their f unctions.

Ancther evaluaticn which relates to the TVA welding and inspectica can
be fcund in the QAE-80-2 report. Although this report applies specifically
te tne Watts Bar Plants, much cf it is of a general nature and ne doubt
generically applicable er appropriate to the Sequcyah Plants tec. Many
reccc=endatiens are made, including the fellcwing

(a) Disciplinary acticn sheuld be taken against welders who bypass
held pci n ts .

(b) Respcnsibility for meeting QA/QC require:ents shculd be ecphasized.

(c) A CONST qualificatien/certificatien pecgram for visual weld *

Linspecticn shculd be established.

(d) The Welding Engineering Units should supply persennel with
infer:atico en weld sequencing.

(e) Cc:plete welding procedure specificatiens shculd be at the fere:an's i

station.

(f) All necessary tecls, gauges, and instruments necessary te determine
weld acceptance snewle be mace scre readily available.

(g) Mere surveillance checks shculd be made en in peccess welding
cperaticas.

(h) A standardized system fcr centinuity of welders' qualificaticn and
welding peccedure/perfer=ance qualificaticn crcss-reference should
be de velcped.

(1) A cceplete rewcrk cf distribution, centrol, centent and utt11 atten |
cf G-29 specificaticns should te r.ade. C-29 needs to be at work !

staticns.

(j ) Apprentsately 50 percent cf the site welding engineers have
insufficient backger.und, experience and educatten to perform as
qualifted welding engineers,

i
|

i

i

TVA VCL 2 85 Appendix D

l

- . - .
- --



3

(k) eWelding enginters spend the majerity cf their time as Tecnnical unit
supervisce to the welding inspectcrs because e,f inexperienced
welding inspection persennel.

(1) There is failure by craf ts to fcilew instructicn in werk package,*
and Cther decunents, and to bypass heldpoints.

.

(= ) Inspecticn persennel are net 41wais pecvided with the taalc tec1s
needed to perform the inspection f unctions.

(n) With the exception cf the apprentice pecgram. OJT fcr welders is net
provided.

(c) Nuclear projects are constantly cited by NRC fcr the lack cf contrci
cf filler material.

(p) Quality levels en civil structural drawings are conf using and need
sc=e type of resolutlen.

(q) Redundancy in CCI and C-29 en NDE procecures shculd be ell:1nated.

With such questiens being raised And so many reccamendations being
made, it is cifficult to imagine that the welding and inspection pectra=s
are being cr have been pecperly implemented.

Finally, it is ncted that the Aptech and Bechtel Audits involved cnly
reviews of recercs, and t'he TVA'n reinspection is primarily through paint
and cf V, PT and NT peccecures. Little r,as been dcne to provide a
volu:etric evaluatten (reinspectlen), cf the Class 1 and 2 Sequoyah welcs.
This appears to be ene of the majcr shcrtectings -f the Welding EvaluaticnPecj ect . In fact there has been no indication of a systematic re-exaal-
naticn cf the radicgraphs ter such welds.

2. Sceetricatices. A second area cf concern is the application cf the
AWS 01.1 Cece. As a se2ber cf the AWS Structural Welding Cor.mittee the
writer has censidered the Structural Welding Ccde to prcvide minimum
requtre ents.

Mcwever, frem the TVA occuments it is a9 parent that they
have interpreted the Ccde in the trcadest sense and have provided less
stringent requirements than in 01.1 (see Table A cf Vol. Il fcr the TVA
Cceparisen cf C-29 to 01.1 and NCIG-Ol te 01,1) Ccde. There is less
safety provided by C-29 and NCIC-01 than is provided by the 01.1 Cede. The
D1.1 Code is used primarily fer buildings and bridges. In 'alew of the
critical nature of a f ailure at a nuclear plant, cne would generally assume
that ths provisions for a nuclear plant vcula be more stringent rather tr,anless stringent than for buildings. Furtheracre, there has been no scunu
Justificattan given fer the relaxaticn of requirements. !

cf the 1955 AWS Code it is Indicatad that, "when modifications areIn the ecmaentary
approved, evaluatien cf suit-ablitty fer service using accern fracture |
sechanics tecnniques, a histcry cf satisfactory service, cr expertsentalevidence is recognized as a

. --

1

,
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suitab(e basis for alternate acceptance criteria for welds." This type cf
justificatten for sedificaticn has net been clearly demenstrated in the
accuments available to date.

A seccad precedure that has been used tc justify the use cf welds that
fall to satisfy the 01.1 is to make an engineering check to establish
suitability fer service. Such a precedure using NCIO 41, since it is a
relaxation cf the 01.1 Cefe, will provide a structure that is net as safe
as if the welds cet the 0;.1 requirements. The necessity to use suc' a
;recedure aise suggests that the criginal design may have been pcce er
everly ecnservative. Octh of which indicate pcce engineering.

3. Sammary and Cenelustens. Frcm the TER it is shewn that the Sequcyah
units have suffered sc e areas cf pecgrar.:& tic breakdewn but the hardware
itself $ces nct appear to aive cerects cf great detriment cr magnitude,.
Hewever, f urther study cf tnis questien wculd seem desirable. The evalu-
atten cf the Empicyee Ccncerns indicates that many have act been
substantiated, ter have they all been shewn to be groundless cr f alse.

In NSRS repert Nc. I-85-373-NPS interviews with 17 NDE inspectcre
cencerning OJT, it is indicated that mest inspectcra expressed ccncerns to
varying degrees with regard tc the validity cf scme of the claimed OJT
falsification cf records anc favoritis= are repcrted. Thus, the cencern
ever,CJT was basically sutstantiated. In addition, it is indicated that
sc:e inspectces dicn't feel they were qualified for sese cf their tasks.

The ERT investigations repcet en OJT also indicates bcth a pecgram-
matic breakdewn anc f alsification of racceds within the TVA NDE training /
certificaticn pecgram. Again, a substantiatten cf the 0JT ecncern.

Based en the varicus studies and evaluations made to date it appears
that there are a number cf shortecsings in the TVA pecgram. '

(a) Inacequate training at all levels.
,

(b) Peer recced keeping and centrol in welding and inspection.
'(c) Many precedures are excessively leng, ambigueus, and de not give

clear and eencise instructions to persennel to perfers their
activities. There are many cverlapping dccuments.

(d) There is excessive redundancy in the varicus weld related
construction documents, the various weld related inspectica
instructions, the varicus weld related standard cperating
procedures, and in the varicus design, construction and inspecticn
specificattens and codes. Tnis causes cor.f usion.

(e) There are so many documents fer a pecject that relate to welding and
|Inspecticn that it is essentially lepossible fcr the perscnnel to be

aware cf all the , equirements to which they shculd be werking.
~

!

|
|
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These are all shcrtccmings that can be ccreected. Hcwever, the fact
that they have existed raises questiens as to the quality of the welded
nuclear structures.

The Weld Evaluaticn Prcgram was cesigned tc estab11.9h a hign level cf
confidence in all welds at the Sequcyah Nuclear plant. However, with the
relaxations in specifications needed fcr weld accepta,nce, and the need to
use an e;xtra engancering eneck of suitability fcr service does net help te
ir.still a high level cf ecnf14ence in the welding.

In the reinspection program the weles were generally rated as average
er better. Hewever, in 345 piping welds 9 were rated unacceptable as tc
the quality cf weld werkmanship. In 7368 inches of structural welde
reinspected (in 1394 weles), 1040 inenes were fcund with indicaticns, 10 38
percent were undersize and 9 joints had welds emitted. Again, althcugn
ecst = elds appea visually te be cf average er gced structural quality
(this was aise the writer's general cbservation frca a perscnal ert:inatien
cf a limiter number cf welds), the number cf indications reported is cf
such a magnitude that the desired high level of cenridence in the weldinE
and inspecticn cces not appear tc have bton achieved. Acceptance ~has been
achieved only by e:plcying specificaticns less stringent than criginally
spe:af ted, and thecugh the application cf "an engineering evaluaticn,"
with little indicaticn cf what this evaluaticn entailed. A greater ecnfi-
cence in suen acceptance criteria might be pcssible if scae quantitative
meas 6res were presented te such questiens as, what percentage the welds
were uncersize (per the celginal specirled size), and freca the engineering
evaluation, what is the magnitude cf understress in the actual weles (based
en the zart=ut alle=able cesign stresses).

Frcz the above discussten it shculd be evident that the writerbelievet furtner analysts and justificatten of the Sequcyah welding and
inspection wculd be desirable to desenstrate whether er not the welding at
the Sequcyah plants is cf a quality to sattafy the desired Ccce and
Specificatten design requirements.

Very truly ycurs,

Y- %
W. H. Nunse
Prctesscr Emeritus cf
Civil Engineering

1 'nHM/j h

!

.
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September 16. 1986

Mr. Carl Czajkovski
Brockhaven National Lab.
Upten..Leng Island *

New York 11973
Dear Carl. ,

Enclosed please find an Er.ecutive Su==ary of my views re-
garding the radequacy cf the TVA SQN Welding Concern Progra:
and the adequacy of TVA's corrective actions in'the areas of
Welder Certification and Welding Inspection.

I consider these issues to be unresolved by TVA and because i

these issues potentially adversely affect the safety of the
'

plant, startup should be delayed until TVA has adequately ad-
dressed both isrues. TVA's denial of docu=ented facts by NSRS/
QTC/ERT should be flatly rejected: additional test and evalu-
atien is required to give reasonable assurance that the plant

.

is safe for operation. |

I reco::end the following additions to the TVA Weld Evalu-
ation Program (WEP) as a MINIMUM require ent for assuring ac- ,

ceptable Safety Pelated Welds at SQN: !
!

With docu=ented progra==atic and i=ple=entation failures in
visual veld inspection and a high pro'eability of unqualified -

NDE inspectors at the time of construction and PSI inspections.
b fore restart of SQN veld quality $n Class 1 and Class 2 piping ,

velds should be verified by the following
,

(1) For insaectors who served at SQN during censtruction
ar.3/or in the fSI but are no longer employed by TVA. make an L

independent audit of personnel records to determine compliance
,

with SNT-TC-1A recessended practice for NDE Level II Certifi- !
cation of inspectors. '

(2) For inspectors still employed by TVA. test each NDE in- |

spector using hande on veld samples (EG40 is using such samples
in their current WEP inspector-qualification programs such test-
ing vill give no assurance that the inspector was qualified at
the time of construction or PSI but vill at least verify that
the inspector is currently qualified).

(3) Verify the quality of the rudiography as used in the RT
of safety related welds by re-examination of film by an inde-
pendent team of radiographic experts. The assessment of quality ,should include determining if the films have the required identi- '

fication, are free of artifacts. have the correct penetraneters
and quality leve], and have correct station markers. Additionally. '

the verification sxamination should reassess the veld quality and >

related documentation to assure that all indications were properly !
interpreted and that all rejectable indications were corrected. :

!

Sincerely your

W S &.n &_
^ *

|

;
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SER/TER ATTACHMEN'

< ' September 15. 1986 I

MEM00RANDUM FOR: C. J. C:sjkowski'

Department of Nuc Energy
.Brockhaven National Lab. !'

Upton Long Island 11973 i
*

FRCMt C. E. Hartbewer.
3 Consulting Velding Engineer -

Fair Oaks. CA 956.8
:

SUBJECit REVIEW AND EVALUATION OF TVA's REASSESSMENT I
0F WELD QUALITY AT SEQUOYAH UNITS 1 &2 ;-

EXECUTIVE SUMARY OF FINDINGS.

STATEMENT OF PURPOSE |

|The Welding Team was under contract to Brookhaven National
Laboratory to independently review TVA's resolution et the issues iraised by the numerous welding-related emplofee concerns at the i

Sequoyah Nuclear Power Station (SQN) and to make recommendatienc '

3 en the adequacy of TVA's corrective actions, as appropriate.
,

As a teae, our collective findings are encapsulated by Mr.
C:ajkewski in his Technical Evaluation Report (TER) under the
heading EXPERT WELDING TEAM as applied to each of six categories -

of employee concerns. The findings do not always represent a
consensus opinion. I see tvo issue categories as requiring ampli- !ficatien and further resolution prict to restart of SQN Units 1 & 2: !

vit.. WELDING INSPECTION (40 employee concerns) and WELDER
|

>

CERTIFICATION / TRAINING (27 employee concerns).,

;
The follcwing remorandum report constitutes an Executive

iSuccary of my find,ings acting independently as a welding expert. -

VELDER CERTIFICATION
,

Several reports address the employee concerns on satters re-.

: lating to welder certification / training, including ETc' Investi-
i e

gation Report of 9/26/85. QTC/ERT Investigation Report of 2/28/86 !
'

and NSRS Report I-85-135-SQN. The following findings any impact !the safety of SQN and in my oeinis? require further consideration I
3

by TVA before restart of SQM. Quottig from the NSRS report: |

!

In the past. Nuclear Power has accepted construction
welder performance qualification without retesting. j

i
t

The SQN Site Director issued a memorandua (Abercrombiea

i to listed reci
,

Certification)pients. Aug 19, 1985. subject Welders |1 directing site management to discontinue '

1 the practice (of accepting construction welder perfora- i'

anee qualification without testing).
COMMENT: Construction was completed at SQN prior to Aug 1985 and.

. therefore. the corrective action was too late to benefit thisj plant.
. !

t

| There appears to be no safety concern since all active
iweider records wore either correct or readily restored

) to requirements. Also all safety-related welding is in- i

I
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dependently inspected per an approved QA program.
fCCMMENTS Safety may in fact be a concern because conctruction

was completed prior te implementation of a proper welder certi- t

fication program, and the efficacy of NDE inspection may have -

been limited as a means to verify the quality,of safety-related ;

welds by a progra==atic breakdown and falsification of records
;,within the TVA NDE training / certification program.

If one;er =o e unqualified welders worked on safety-relatd welds
SRWs), say C1 1 'nd/or C1 2 piping, and if the particular welds
:ade by an unqualified welder were tested by an unqualified NDE |

inspecter, potentially dangerous flaws could be in the plant ;
today. -

NRC welding team inspectors (6/2-6/6/86, 6/16-6/20/86 and >

7/7-7/11/56 at SQN) confirmed a number of weld deficiencies that [
j had been previcusly identified and evaluated by TVA in their WEP :

reinspection effort. Many of these weld deficiencies provide I

additional evidence of unqualified welders at SQN. Tv.rthernere,
r

the fact that on reinspection there were NCIG-01 rejectable welds !
inspite of the relaxed acceptance criteria of NCIG-01, velds that ;
in construction had been :ade to AUS D1.1 acceptance criteria, t

provides additional evidence et unqualified welders at SQN (as i
vell as unqualified inspectors during construction and PSI). i

When the provisions of the TVA QA program that required welder I

perfor:ance qualification t,esting were relaxed and the work force ;' perceived a loosening of control / standards, workmanship could r

nave suffered. Welder skills, perforcance and pride in workman-
,

; ship constitute the first line of defense against flawed welds: jthe second is the welding inspector who observes the day-by-day'
,

| perfer:ance of each welders If the velding inspector is to be r

effective, he or she must be adequately trained / experienced and j
1 operate with the full support of =anage=ent. '

'

j WELDING INSPECTION )
I believe that before restart of SQN TVA should resolve point I

by point the findings of three NSRS/QTC/ERT Investigation Reports '

which concluded that certain employee concerns regarding weld
inspection are substantiated.

,

A Nuclear Safety Review Staff (NSRS) investigation was con-,

ducted to determine the validity of an expressed employee concerni
,

which stated:
,

Sequoyah. Many employees are certified but are not !

qualified. They do not have enough on-the-job training ;(0JT) even though it is documented that they do have
ienough OJT. The concern existed from 1980 to present. !Details known to QTC. withheld to maintain confiden- itiality. NUC PR concern. j
,

NSRS notes that "...it should be recognized that a differentia- |tien can be made betvsen work-time experience, which is what OJT l,

'
as used in this report is really referring to, and the proper :usege of the ter: OJT which denotes a dedicated, organized, con- ti

'j prehencive and documented system of formal training on actuusi j
work activity and equip =ent.

i

i !
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| The report (NSRS Investigation Report I-85-373-NPS on Docu-
; mentation of Required OJT for NDE Personnel Certifi;ation by

C. L. Wilson and M. P. Mills dated 1/31/86. 27 pages) determined,

*
| that

NDE =anagement in TVA early on took a very,loost inter- '

pretation of OJT requirements, and many of the individ-
uals who trained under that policy and were subsequently
promoted have continued and extended the t practice...
A followup investigation by NUC PR will be required to
re=edy the findings documented herein. ,

r

Inspection personnel in both QC and ISI have been placed
| in a difficult position by a policy which has been orig-
| inated and promulgated by individuals who are r.ow more

than two levels of supervision above them...
It is crucial to understand that there is a direct con- !

| nection between the personnel practices of the NDE groups
and the safety of the plant. This is because the inspec-
tors can only do their critical jobs well when they see
that strict co=pletion of technical training requirements.,

| independence and rigorous adherence to procedures are cul-
| tivated and rewarded rather than compomised...

... sufficient certification discrepancies were noted to
mandate an extended eva2uation by NUC PR of the TVA NDE
certification program and resultant inspection activities.
... This followup investigation should begin with Sequoyah
Nuclear Plant. NSRS considers this a startup issue for SQN.

Another report, an investigation of nondestructive examination
(NDE) certifications at the Sequoyah Nuclear Plant (SQN) and the
Power Operations Training Center (POTC), was written at the same
ti=e as the NSRS report. This investigation, by QTC. was to de-
termine if NDE certifications.had oeen falsified (QTC/ZRT Inves-
tigation Redated 1/31/ port by M. P. Mills on Falsification of OJT Records86. 7pages).

The results of this investigation clearly indicate both
a programmatic breakdown and falsification of records with-
in the TVA NDE training / certification program. Based on
thers findings, the following is recommended:

1. The turn over of this report to the Office of General
! Counsel for investigation of legal wrong doing, and
! 2. 'tVA issue an immediate stop. work order against the

certification of NDE inspectors until such time as the
situation can be evaluated and corrective acticn taken.

The third report QTC/ERT Investigation Report by R. W. Jones
| dated 2/28/86. 28 rages, dealt with a number of generic concerns '

| that : '

Inspectors are generally untrained or not adequately trein-
ed. are unqualified. lack knowledge of weld-acceptance cri-
teria and do not follow procedures.

Training, both classroom and on-the-job is inadoquate, certi-
fication tests are described as a joke do not receive the
required mini =u training. The above concerns encoepass all
inspector training, qualifications and tecting.

!

l

|
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Thic inve: tic: tion was performed from July through October
1985 3

The generic concerns licted above vere substantiated. The find-
ing that inspector training was inadequate, both in the class-
ree: and en-the-job. is ecst damaging in the case of ultrascaic
testing; it.is ec :en knowledge that this discipline requires
special training and hands-on zesting to assure qualified per-
sennel.

'

Secause there are SUSSTANTIATED employee concerns with regard
te velding inspection and inspecter training /qualificatien. I be-

~

lieve that all TVA inspect ens are sus pect including visual. NDE
MT PT and RT and, inparticular, the ultrasonic testing ('JT) dene
in ccnstruction and in preservice inspection (PSI). For UT in-
specters, there is ne v&y that work-ti=e experience can be substi-
tuted fer the "dedicated, organi:ed. comprehensive and documented
syste: et formal training" which the Nuclear Safety Review Staff
found lacking in the TVA prcgra=.

AFTECH reported in their "Evaluation of the Welds at SON" AES
651159EAQ-1, Jan 1986, tnat

Slighti)v under ici ef the field welds were inspected (inthe PSI by penetrant (PT). The re=aining 90% were in-
spected ultrasenically (UT). which is a = ore rigorous vol-
u:etric examination than PT, which is primarily a surface
examination. The lack of significant nu=bers of NOIs fre=
the PSI is a strong indi,cator that the quality of the velds
is high.

CCMMINT: If TVA UT inspections are suspect, then it is a fallacy
to assu:e that the lack'of significant nu=bers of NOIs is an in-
dicater cf high quality in ,the S;N velds.

Likewise, in the TVA WIP reinspection of 333 piping velds and
1394 structural velds. I take little co= fort la the lov rejection
rate (discounting veld spatter *and are strikes) considering

(1) the high indicatien rate in Office of Construction (OC)
piping velds by Visual exa:ination (a 38 to 68% indication rate)
see SIR Table 1A p10

(2) the OC piping velds veuld have been rejected if the indica-
tiens had been detected during construction (ASME Section III vs
Section XI).

(3) the reportable indications in OC structural velds shot',d
have been detected during construction.

(4) at the ti=e of construction, the applicable code for the
structural velds was AWS D1.1-721 for purposes of WEP reinspec-
tien the accept / reject criteria vere based on NCIG-01 which in
so=e respects is much less stringent the AWS D1.1 therefore, if
the visual inspectors had been vell trained and diligent. TVA at
the ti=e of construction should have had a significantly higher
rejection rate than found in the WEP reinspection based on NCIG-01.

TVA VOL 2 93 Appendix 0
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There is additional evidence of unqualified, unectivated
iinspections. There was a high incidence of weld spatter and

are st/ikes discovered in the UEP reinspections. During con- ;struction, at various times TVA Specifications (P.S.J.C.5.2.
and P.S.3.C.5.4 after 2/13/81) called for re= oval of spatter :

i

and are strikes. Furthermore, wherever there was to be UT in-
spection, removal of weld spatter and are strikes should have
been routine in preparation for inspection. There can be little
doubt thgt much of the spatter and are strikes occurred during
construction and yet inspe: tion did not call for its removal. iThere is another consideratien. vis.. I question whether the
cracking that so=etimes attends an are strike can effectiv21y/
reliably be detected without first grinding the are strike
smooth and flush. Wherever this was not done and followed by
PT inspoetion. there is a possibility of undetseted cracking.

r

With evidence that TVA failed to provide consistently reli- i

able welding inspection during construction and in the PSI in-
;spection, all safety related welds are subject to question ex-

cept those verified by NRC welding team WEP reinspections. The ;NRC welding team noted a number of weld discrepancies, most of
which were previously identified and evaluated as a result of
the TVA WEP reinspection effort. This verification of TVA find- i

"

ings by NRC indicates that TVA inspection was effective in ident-
ifying veld defi;iencies in the recent WEP reinspections but con-
fir:ed ineptner;s in earlier inspections. Futhermore, the earlier ivolu=etric inspections by.TVA that are suspect were omitted from
the WEP reinspection program. j

.

Se=e of the additional irregularities not found in the TVA WEP
reinspections but found by the NRC welding team raise additinal !questiens about the qualifications of the TVA inspectors /inspec- 'tion program during construction. A nomber of welds were found
by the NRC welding team which deviated from the requirements of
the applicable design drawing's: TVA inspection should have found ;these discrepancies in construction or in PSI. One structural
platfor: was inspected by NRC: the TVA inspectors during con-

!struction could not have verified conformance to design because
!there vere no weld details on the desgn drawings. Also the NRC

welding team found that in some cases the drawing / Specifications
failed to specify the Quality Level for inspections thus, during ,

<

construction the TVA inspectors had no way to know whether Quality ;Level 1 or 2 was intended by the designer. These discrepancies
are not insignificant and should have been discovered by TVA in- ;

spection during construction, in PSI or in the WEP reinspection. ,

t

t

Ib !
'

ec~

!

!

|

I

|,
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December 5,1986*

.

Mr. Ctrl J. Czajkowski
Dopertrent of Suelear Energy
Brookhaven National Laboratory
Upton. Long Island. !!ew York 11973

Subject: Contract Number 225772-S
'W . D. Doty Fosition Statement-

The writer participated as a member of a team of welding experts to
ass:st Brockhaven and the Nuclear Regulatory Commission in evaluating
keiding concerns at the Sequvyah Suelear Power Station (SQN). A "Technical
Evaluation Report (TER) Felated to the Welding Concern Program at TVA'S
Sequoyah Units 1 and 2", dated August 1966.was prepared by Carl J.Czajkowski. ,

This report prcperly reflects the concensus of the team of welding experts.

In addition to the ateve mentioned report. I should like to offer the
ic11cwing ccements:

>

1- An en-site visit te SQN was made on April 14-16.1986. It was the
writer opinien that the weld quality, as judge by visual exaninstion
(without weld sizing), was good.

2- The fact that SQN has been operating for six years without significant
sold failures supports only the adequacy of the welding for this six
year period of reported "normal" operation.

!3- Use of NCIC-01 as a relaxation of the D1.1 Code represents a technically
acceptable approach for visual inspection of structural weldments of
nuclear power plants provide the relaxation is fully justified by an |
engineering analysis. If the analysis shows that the original desitt i

was unjustifiably conservative, the suitability of the structural
i,

weldment should not be rejected out-of-hand because the DI.1 visual |

inspection requirenents were not net. The results of such an engineering
reevaluation should be a major fcetor in any decision relative to the
Start-up cf the SQN units..

a3h-- |

g

I j.

\

M. D. Doty
1

i
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.

* November 20, 1987

Mr. David Snith
Engineering Branch
Of fice of Special Projects
TVA Project
Mail Stop EWW-325
Washington, DC 20555

Dear Mr. Smith:

Fer your reouest, I have perforced a comparison of the TVA "Welding Pro-
ject Generic Erployee Concern Evaluation Reports" and the BNL Technical Eval-
uation Report (TER) for the Sequoyah Units. The following is a list of
erployee concerns which appear in the TVA Evaluation Reports but do not appear
in the BNL TER:

1. IN-55-019-001 - Inspection through paint
2. IN-55-515-001 - Welder perfornance qualificaticns
3. EX-85-009-001 - Welder training
4 WB -6-007-001 - Box anchor design
5. WI-85-030-007 - Preweld inspections
6. BFM-5-001-001 - Preweld inspections

The previous six concerns although not specifically analyzed by the
Expert Welding Team (by number) were all reviewed during the TER evaluation of
similar concerns f rom the same general categories.

7. IN-S'5-339-005 - Duct Installation

The omission of this concern from the TER was nerely a typographical
error on BNL's part.

S. JHL-85-003 - Inadequate weld procedure

This concern appears to be rore applicable to a QA do:urent control cate-
gory rather than welding. As such, it does not f all into the original charter
of the e )ert aelding teen.

9. XX ,-124-001 - Control of Unused Weld Material

l

This concern described the burial of unused electrode. As such the
burial effectively renoved the electrode from possible use, eliminating poten-
tial problems. This concern was not specifically evaluated by the tean, how-
ever, although the method of disposition was somewhat novel (burial near a
cenetery) the exercise of weld naterial control was evident.
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10. JLH-89-002 - Welder Perfornance Qualification

This concern revolved about a welder transferred from the Muscle Shoals
project who was welding on a nuclear unit with an insufficient number of bend
tests perforeod for his perfornance qualification. The welder was retested

| and summarily passed. The evaluation by TVA of the pr,oblem and the corrective
action to eyaluate the potential for other welders similarly transferred to, '

! weld without adequate specimen testing is consistent with the suggestions made
by the expert welding teaa for similar Welder Performance Quali fication
Concerns.

11. DHT-85-001 - Weld Metal Substitution

This concern dealt with the substitution and interchangeability of E705-3
and E705-6 weld wire at the Sequoysh sites. The response from the utility
appears inadequate based upon a BNL review of welding at the valve rooms of
Watts Bar 62 (10/87). The attached draft excerpts from the BNL report outline
the problen which appears to be generic to the TVA system.

The following is a list of concerns which were addressed in the BNL TER
but which were not listed on the TVA documents. It appears that these were
addressed generically in various WP's while TVA believed them not to be spe-
cific to the Sequoyah units:

| 1. XX-85-088-X04 Correction fluid used on welder certificationsI2. -001
3. WI-85-030-008 Inspection through paint
4 XX-85-069-002 NDE Certifications
5. XX-85-069-006 NDE Certifications,

i -X13 NDE Certifications
XO7 NDE Certifications

1 6. IN-85 001-005 Vendor welds
7. XX-85-083-001 Poor welding inspection at SQN
S. XX-85-086-002 Poor box hanger design
9. IN-S6-158-006 Weld material accountability
10. IN-86-047-001 Lack of stub control-weld rods
11. XX-85-010-001 SQN - nut to baseplate welding

,

| If there are any questions, please contact me at the above listed number.

Very truly yours,

w

Carl J. C aj' ow I

CJC:ts
Enclosure
cc/ enclosure:

Expert Welding Team
M. Schuster
P. Soo
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9

No covers on permanent plant lighting fixtures..

*
a .

E

Vater collected in bean pocket.; .

;

f.

;
.

WELD!!is< ,
,

t

Various piping welds were selected at random in both the north and south
;

i
1

valve rooms. These wele numbers were then used to locate the inspection pack-i
"

;

ages for the joint. From the inspection package, the welders identification -

was determined and then his qualification as well as the procedure qualifica-

tion was verified. A total of 98 weld packages were reviewed which encom-
!

passed 23 welder cualifications.
i

s

Personnel Contacted:
!

H. L. Alsup i

e

S. Bonez
1

K. Hastings

R. Jesse,

ft. Presley

J. Wnite ,

i
|

Insoection Findinos: !
|

During the inspection, it was noted that various welds on the main steam !
!

had been installed using E705 6 filler metal for the weld root passes. TVA

Process Specification 1.11.1.2 (RS) dated May 22,1987, page 8 of 20, paragraph

7.10, states:

"When an electrode of the E705-3 type is specified on the detail weld

procedure, type E705-6 nay be substituted for use in applications not
TVA SER Vol. 2, Part 1 97 Appendix D
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,

requiring impact testing. The E705-6 shall have a certifie': chenical

analysis of A Nuclear 1 of Section !x (.15 percent maxinun carbon,

1.60 percent maxirun manganese, and 1.00 percent maginun silicon).

This suestitution is not permitted in applications requiring irpact
testing "

Since paragraph 10.3.2.2 of the Watts Bar Prelininary Safety Analysis Report

(PSAR) also states for the WBN nain stean lines:

"The materials for piping and fittings in the TVA Class B Portion of

the systen are irpact tested to plus (+) 40'F, as required by ASME

Section !!! for Class 2 components. The test tenperature of plus

(+) 40'F is related to a mininun service tenperature of plus (+)

70'F (hydro test water temperature)."

it appeared that the welding of these lines was in violation of this
specification.

The utility had discovered this procedure violation and issued a Problen

Identification Report (PIR) # PIRBLNNEB8607 on 11/26/86. Part of the correc-

tive action in this PIR was the requalification of the procedures used with

impact testing. Towards this end, Welding Procedure Qualification Records

tGT-SM11-0-2A, GT11-0-1, GT-SM11-0-3, and GT-SM11-0-3C were provided to BNL .

Upon review of these procedures, the following conclusions can be drawn:

1. These welding procedure qualifications do nol qualify for welding mate-

rials of P nuncer 1, Group number 2 (ASME IX) to itself or to P number 1

Group number 1 naterials. The following inspected welds would then be
'

affected:
TVA SER Vol. 2, Part 1
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2 -001 A-0003-10 P1 Ge 2 to P1 Gr 2

2-001 A-0003-09 P1 Gr 2 to P1 Gr 2

? -001 A -0006-10 P1 Gr 2 to P1 Gr 2
.

2-001A 0006 11 P1 Gr 2 te P1 Gr 2

2-001A 0006-06 P1 Gr 2 to P1 Gr 2

2-0038-0003-03 P1 Gr 2 to P1 Gr 1

The procedure cualifications GT-Sft11-0-2A and GT-SM11-0-3C were made using

base material SA 516, Gr 70 (P numoer 1. Group #2) which the utilityr

states also meets the recuirements for SA 516, Gr 65 (P number 1, Group

81). This appears contradictory to ASM! 5ection IX requirements:

"71-403.5 Welding procedure qualifications for base netals which

have specified im;act test requirements shall be made using a base metal _.s,

of tne same type or grade or another base metal listed in the sant group

(see 74-422) as the base metal to be used in production welding. When

joints are to be made between base metals from two different groups, a

procecure qualification shall be made for the ap?licable combination of

base metals, even though procedure qualification tests have been made for -

each of the two base metals welded to itself. If, however, the procedure
lspecification for welding the combination of base netals specifies the

same essential variables, including electrode or filler metal, as both

specifications for welding each base metal to itself such that base metals

is the only change, it shall not be necessary to nake impact tests to

qualify the two together..
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.

When a procedure has been previously cualified to satisfy all

requirerents other than notch toughness, it is th,en necessary only to pre-

pare ar.* additional test coupon using the sar.e procedure with the plates

only long enough to provide the necessary notch toughness spechens. If a

previously qualified weld procedure has satisfactory notch toughness
>

values in the weld retal, then it is necessary only to test noten tough-

ness specirens from the heat-affectec zone."

SThese procedures would need to be recualified using caterials f ra;n the

apprecriate P and Group headings.

I

2. The GT-SM 11-0-2A procedure only qualifies the GTAW portion in thickness j

range of 3/16"-3/8". What QC requirer,ents will assure that these limita- 1

i
A - tions are not exceeded on repairs /new welds?

.

3. The sa. e restrictions as 1 above would apply to the use of these proce-
,

dures on the repair welcs in Unit 1 (CAQR WBP 871081 dated 10/26/S7). |
|
|

|
'

00CuttENTS REVIEkt0
1

Detail Weld Procedures

Welding Procedure Qualification Records
.

Welder Performance Qualification Records <

Process Specificaticas
IWelding Operations Sheets
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